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Abstract

In this paper, the mixed Hs/Hs control problems
for the multiparameter singularly perturbed systems
(MSPS) are discussed. In order to obtain the strategies,
the algorithm for solving the cross—coupled algebraic
Riccati equations (CARE) is proposed. Since a new al-
gorithm is based on the Newton’s method, the proposed
method is computationally attractive and the imple-
mentation of the algorithm is easy. It is newly proven
that the new algorithm guarantees the quadratic con-
vergence. As a result, it is shown that the proposed
algorithm succeed in improving the convergence rate
dramatically compared with the previous results.

1 Introduction

The mixed Hs/H s control problems have been studied
by using the several approaches. In particular, a state
feedback mixed Ho/H oo control problem has been for-
mulated as a dynamic Nash game as in [1]. The result-
ing feedback controller is characterized by the solution
to a pair of the cross—coupled algebraic Riccati equa-
tions (CARE). It is well known that the CARE plays
an important role to Nash games [1]. In order to ob-
tain the Nash equilibrium strategies, we must solve the
CARE. Various reliable approaches to the theory of the
CARE have been well-documented [2, 3, 7, 8]. These
methods consist of the Riccati iterations [3, 7, 9] and
the Lyapunov iterations [2, 8]. However, the conver-
gence of the Riccati iterations were not proved exactly.
Moreover, there exist no results for the convergence
rate of the Lyapunov iterations. In fact, it is easy to
verify that the convergence speed is very slow when we
run the numerical example [8].

Multimodeling stability, control and filtering problems
have been investigated extensively (see e.g., [4, 5]).
The multimodeling problems arise in large—scale dy-
namic systems. Linear quadratic Nash games for the
multiparameter singularly perturbed systems (MSPS)
have been studied by using composite controller design
[4]. When the parameters represent the small unknown
perturbations whose values are not known exactly, the
composite design is very useful. However, there ex-
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ists drawback for the composite design. Firstly, the
composite Nash equilibrium solution achieves only a
performance which is O(||u||) (where |u| denotes the
norm of the vector [g1 e3]) close to the full-order per-
formance. Secondly, since the closed—loop solution of
the reduced Nash problem depends on the path along
e1/e2 as |u| — 0, we cannot expect that the closed—
loop solution of the full problem tends to the closed—
loop solution of the reduced problem [5]. Therefore,
as long as the small perturbation parameters €; are
known, much effort should be made towards finding the
exact strategies which guarantees the Nash equilibrium
without the ill-conditioning. From the above point of
view, it is easily found that the mixed Hs/H oo control
problems for the MSPS have also these disadvantages
because the Hy/H ., control strategies are obtained by
solving the CARE.

In this paper, the mixed Hy/Ho control problem for
infinite horizon MSPS is considered. It is worth point-
ing out that although the H., control problem for the
MSPS has been investigated [10], the mixed Ha/H o
control problems has never been studied. Newton’s
method is applied to the parameterized CARE. The re-
sulting algorithm consists of the generalized linear ma-
trix equation (GLME). The quadratic convergence of
the proposed algorithm is proved by using the Newton—
Kantorovich theorem [11]. The sufficient conditions are
provided such that the proposed algorithm converges to
a positive semidefinite solution. It should be noted that
the proof of the quadratic convergence property of the
resulting algorithm by using the Newton—Kantorovich
theorem has not been studied so far. Using the new
algorithm, we will improve the convergence speed com-
pared with the previous results [7, 8]. Finally, simula-
tion results show that the proposed algorithm succeed
in improving the convergence rate dramatically.

Notation: The notations used in this paper are fairly
standard. The superscript T denotes matrix transpose.
I, denotes the n x n identity matrix. | - | denotes
its Euclidean norm for a matrix. detM denotes the
determinant of M. ReA[M] denotes the real part of
the eigenvalue of M. vecM denotes an ordered stack of
the columns of M [12]. ® denotes Kronecker product.
U denotes a permutation matrix in Kronecker matrix
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sense [12] such that Uy, vecM = vecM”, (M € R>*™).
block — diag denotes the block diagonal matrix.

2 Problem Formulation
Consider a linear time—invariant MSPS

2 2 2
Z Agiz; + Z Do;w; + Z Bo;ui, (1a)
i=0 i=1 i=1

To =
€121 Airozo + A1121 + D1ywi + Briug, (1b)
gadp = Agxo+ Asaa + Daswa + Bagua, (1c)
r;(0) = 0,j=0,1, 2,

with quadratic cost function

J (u, w):/ 2T2dt, 2= Cx+ Hu, (2)
0
where
| Cwo Cui O | Hi 0

C‘[% 0 022}’1{—{0 HQ}’
Zo

o R P

wo ug

x2

and z; € R", j =0, 1, 2 are the state vector, u; €
R™i, j =1, 2 are the control input, w; € RY, j =1, 2
are the disturbance. Let us now assume that CTH = 0,
HTH = I,,, mi + mo = m. All the matrices are
constant matrices of appropriate dimensions. &; and
g9 are two small positive singular parameters of the
same order of magnitude such that

g
0<k1§a5—1§k2<oo.
€2

(3)

Note that the fast state matrices A;;,j =1, 2 may be
singular.

Let us introduce the partitioned matrices

A.=T.'A, D, =T_'D, B, =1.'B,
U, =Ttun;?t, S, =10, SII

D=[D Dy],B=[B B],
Dy Dys By,
Di=| D |, Dy = 0 , Bi=| Bu |,
0 Doo 0
Bo2 I, 0 0
Bo=| 0 |,m=|0 e« o |,
322 0 0 52_[”2
Ao Aot Ao
A=| Ay Anr 0 ,
Ay 0 Ap
Uoso Uor Up2
U=DD"=| UL Uy 0 |,
UL 0 Us
Soo So1 So2
S=BBT=| S5 S, 0 |,
Sg; 0 Soo
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QOO QOI QOQ
Q=CTC=|Qf Qu 0
Qiz 0 Qxn

We now consider the mixed Ha/H control problem
for the MSPS (1) under the following basic assumptions

1].

Assumption 1 There exists an |p|* > 0 such that
the triplets (Ae, D., C) and (Ae, Be, C) are sta-
bilizable and detectable for all |u| € (0, |pl|*], where

lul :== /Eres.

Assumption 2 (i) The triplets (A11, D11, C11) and

A11, Bi1, Ci1) are stabilizable and detectable.
ii) The triplets (Asa, Daa, Ca22) and (Asa, Baa, Ca2)

are stabilizable and detectable.

These conditions are quite natural. The mixed Ha/H
control problem is formulated as a two-player Nash
game [1] associated with a prescribed disturbance at-
tenuation level 7,

J1(u, w) / Ywlwdt — J(u, w), (4a)
0

Jo(u, w) J(u, w). (4b)

The first is used to reflect an H., criterion, while the
second is used for the Hs optimality requirement. The
purpose is to find a linear feedback controller u* = Kx
such that

Ji(u*, w*)

Jo(u*, w*)

Ji(u*, w),
Jo(u, w*),

(5a)

<
< (5b)

where w* represents the worst—case disturbance. When
J1(u*, w*) > 0, we have

J(u*, w)

o] (©)

sup
weH,

<7,

the H, criterion, where H, denotes an appropriate
Hilbert space. The second Nash inequality shows that
u* regulates the state to zero with minimum output
energy when the disturbance is at its worst value w*.
The following lemma is already known [1].

Lemma 1 Under Assumptions 1 and 2, there exists
an admissible controller such that (5) iff the following
full-order CARE

AT X + XA + Q+ 7 X U X,

—X.S.Y, —Y.S. X +Y.5.Y. =0, (7a)
AZ}/e + YeAe + Q - YeSeYe
+72Y U X, + 42 X U.Y, =0, (7b)
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have solutions X, > 0 and Y, > 0, where

XQQ Elejz) EQX%E)

Xe = aXo aXu o VEeXi |,
| €2X20 E182Xo1  e2Xa
[ Yoo e1Y1g £2Y50
Yo = e1Yio ea¥Yn VE1E2Y
| e2Yao /E162Y21  e2Yan

Then, the closed—loop strategies to the full-order prob-
lem are given by

(8a)
(8b)

w* = 7_2D6TX696,

u* = -BlY,x.
3 Asymptotic Structure

In order to obtain the solutions of the CARE (7), we
introduce the following useful lemma.

Lemma 2 The CARE (7) is equivalent to the follow-
ing GCMARFE (9), respectively.

ATX + XTA+Q+~2XTUX

~XT8y —vTSX +YTSY =0,  (9a)
ATY +YTA+Q-YTSY
v 2YTUX +472XTUY =0, (9b)
where
X, =1.X = X"TI,, X;; = XL, i=0, 1, 2,
Xoo z—:leqE) 52X2T0
X=| X0 Xn \/a_ngTl )
Xa0 VaXz Xao
Y,=ILY =YTIl,, V;; =Y, i=0, 1, 2,
Yoo 1Yy &Yy
Y=|Yo Yn \/5715/2?
Yoo aYor Yoo
Proof: The proof is identical to the proof of Lemma
3in [7]. ]

After substituting X and Y into the GCMARE (9), we
obtain the following equations as ¢; — +0, j =1, 2,
where Xim, Yim, Im =00, 10, 20, 11, 21, 22 are the
O—order solutions of the GCMARE (9).

ATX + XTA+Q++2XTUX

~XTSY —YTSX +YTSY =0, (10a)
ATY +YTA+Q-YTSY
Y 2YTUX +472XTUY =0,  (10Db)
where
[ Xo 0 01  [Ye 0 0
X=|Xo Xu 0 |, Y=|Yyo Yu O
Xoo 0 Xoo Yoo 0 Yoo

The following theorem will establish the relation be-
tween the solutions X and Y and the solutions X and
Y for the reduced—order equations (10).
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Theorem 1 Assume that

detVF(P) # 0,
where Xo1 =0, Yo1 =0 and
_ OvecF(P)
~ J(vecP)T
=[(A=SP - TSPI)" @ IN|Usnan
+Ixy @ (A= SP—JSPT)"
—[(STP - GPT)T ® J|Usnaon

VF(P)

~J® (SJP - GPJ)", (12)
F(P):=ATP+PTA4+ Q- PTSP

~JPTSgP - PTISPT + IPTGPJT,
. X 0 X0l ; [4o0
=[5 = liv] a-[0d ]
~ [Qo = | —v2U 0 =~ _[00
o=[Gals=[ "5 ] o= [os]
j[l(])vjév},Nno+n1+n2~

Under Assumptions 1 and 2, the GCMARE (9) admits
the solutions X andY such that these matrices possess
a power series expansion at |u| = 0. That is,

X X +0(ub), (13a)

y = ¥+0(ul). (13b)
Proof: We apply the implicit function theorem [6] to
the GCMARE (9). To do so, it is enough to show that
the corresponding Jacobian is nonsingular at |u| = 0.
It can be shown, after some algebra, that the Jacobian
of (9) in the limit as || — +0 is given by

OvecF(P)

J7 =
||,¢||li»n+o d(vecP)T

= VF(P). (14)

Therefore, using the assumption (11), J5 is nonsingular
at || = 0. The conclusion of Theorem 1 is obtained
directly by using the implicit function theorem. n

4 Newton’s method

In order to improve the convergence rate of the Lya-
punov iterations [2], we propose the following new al-
gorithm which is based on the Newton’s method [11].
(I,(n)TrP(n+1) +73(7L+1)T(1>(n)
—eWTpr+tl) 7 spr+hTgn) | =(n) 0415)
n=0,1, -,

where
) .— A gpm _ 75pm) e 0
2
0 .— §7pm _ Gp) 0 e
=STPM =GP T = | |
2
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=0 .= Q +PpWTSp) 4 7pIT G 7p(n)
+PMWTgSp g — gPMTGP™M g

=0
o =
mEEE
A e e
| o0 1Psy; Doy
mEEy
A e S
L Os0; 1O31;  Ogy;
B ,—(n} :(7L) .:(n)
—(n) e s G
=i T 20w =115 Moy s =12
=(n)T =(n) =(n)
L Zo02i  H=215 o
Xm0
(n) —
=[Ny |
X% axp” ex@”
n) __ n n —1 n)T
xo— | xR |
| Xop'  VaXy Xoo

Yo ey’ ey’
n n n —1 n)T
Yo' VaYay Yy

and the initial condition P(®) has the following form

xX© 0
0) _
P()|: 0 Y(O):|7

v T T
Xoo e1Xip e2Xy

X0 =1 X, Xy 0 )

Xa0 0 Xoo
Yoo 1Yy e2Ysg

y© = Yio Yn 0
Yao 0 Y22

The main result of this section is as follows.

Theorem 2 Let us assume that the condition (11)
holds. Under Assumptions 1 and 2, the new iterative
algorithm (15) converges to the exact solution P* of
the GCMARE (9) with the rate of the quadratic con-
vergence. Moreover, the unique bounded solution P* of
the GCMARE (9) is in the neighborhood of the matriz
PO, That is, the following condition is satisfied.

[P — P < Oul*), n=0, 1, -, (16)
where

. [x o0 _ala :
p—p _{ ‘ Y*},ﬁ.—ﬁnsnwcn,

B = |[VFP, n:= 8- |FPO), 6:=pnL.

Proof:  The proof is given directly by applying the
Newton—Kantorovich theorem [11] for the GCMARE
(9). Taking the partial derivative of the function F(P)
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with respect to P yields (12). It is obvious that V.F(P)
is continuous at for all P. Thus, it is immediately ob-
tained from the equation (12) that

IVF(P1) = VF(P2)| < L|P1 = Pol. (17)
Moreover, using the fact that
VF(PO) = VF(P) + O(lul), (18)

it follows that VF(P(®) is nonsingular under the con-
dition (11) for sufficiently small |u|. Therefore, there
exists 3 such that 3 = |[VF(P)]7!|. On the other
hand, since F(P®) = O(|u|), there exists n such
that 1 = [[VE(PO) 1] - [FPO)] = O(lul). Thus,
there exists 6 such that § = BnL < 27! because of
7= O(|u|). Now, let us define

= L[1—\/1—29]. (19)
6L
Using the Newton-Kantorovich theorem, we can show
that P* is the unique solution in the subset S ={ P :
[P — P| < t* }. Moreover, using the Newton-
Kantorovich theorem, the error estimate is given by

1

20)%"
Hrp(n) _P*” < ( )

Substituting 260 = O(|u]) into (20), we have (16). m

Remark 1 [t is well-known that the solution of the
GCMARE (9) is not unique and several non—negative
solutions exist. In this paper, it is very important to
note that if the initial conditions II.X© and I1,Y (©)
are the positive semidefinite solutions, the mew algo-
rithm (15) converge to the required positive semidefinite
solution in the same way as the Lyapunov iterations.

5 High—Oreder Approximate Hy/H., Control

In this section, the high—order approximate Haz/H o
control is given. Such control is obtained by using the
iterative solution (15).

o™ = 472DTXMg n=0,1,---, (2la)
am = —BTY(")I, n=0,1, ---. (21b)

Corollary 1 Let us assume that the condition (11)
holds and ReA[E™ (A+~y72UX©®) —SY ()] < 0. Un-
der Assumptions 1 and 2, the following result holds.

where J;(u*, w*), i
satisfying (5).

=1, 2 are the equilibrium values

Proof: Since it is done by using the similar technique

proposed in [4], it is omitted. m
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6 Example
In order to demonstrate the efficiency of our proposed
algorithm, we have run a numerical example. The sys-
tem matrix is given below [10]. It should be noted that
the system matrix is given as a modification of practical
systems (see e.g., Appendix A [4]) which is originated
in the power plant.

0 0 4.5 0 1
0 0 0 4.5 -1
Apo=1]10 0 —-0.05 0 -0.1 |,
0 0 0 —0.05 0.1
| 0 0 327 327 0
[0 o 0 0
0 0 0 0
Api=01 0|, Apa=1] 0 0],
0 0 0.1 0
| 0 0 0 0
[0 0 0 0 0
Ao = |0 0 —04 0 0}’
Ao — [0 0 O 0 0
71000 —04 0
~0.05 0.05
All - A22 - |: 0 _01 :| )
Do1 = Doz = Bo1 = Bpz =0 € R,
0 0
D1y = Doy = [ 0.05 }, Bi1 = Bay = [ 01 } ;
C_[lmxk—dng;1112222)]GRnw’

0

11x2
block — diag (11) | €&

i-|
The Hy control problem has been considered in [10].
In this paper, in order to guarantee the optimality for
the cost function, the Hs/H, control is applied to the
MSPS (1). The numerical results are obtained for small
parameter £; = g5 = 1072, It is found that there exists
the solution of the H., control problem for all v €
{71 0.501673 < ~} via the MATLAB. Now, we choose
as 7 = 1.0 to solve the GCMARE (9). We give the
initial condition (10) and solutions of the GCMARE
(9) as the convergence solution P, respectively.

We find that the solution of the GCMARE (9)
converges to the exact solution with accuracy of
|F(PM™)| < e—10 after 5 iterative iterations. In order
to verify the exactitude of the solution, we calculate
the remainder per iteration by substituting P into
the GCMARE (9) in Table 1, where we present results
for the error |[F(P™)|. It can be seen that the ini-
tial guess (10) for the algorithm (15) is quite good and
the proposed algorithm has the quadratic convergence
property. Table 2 shows the results of iterations for
both the Lyapunov iterations and the proposed algo-
rithm. On the other hand, in Table 3, we give the re-
sults of the CPU time when we have run the Lyapunov
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iterations versus Newton’s method. The CPU time rep-
resents the average based on the computations of 10
runs. It is easy to verify that the convergence speed of
the Lyapunov iterations is slow and needs more CPU
times compared with the Newton’s method. Therefore,
the simulation results have been shown that the pro-
posed algorithm succeed in improving the convergence
rate dramatically and it does not need to much CPU
time compared with the Lyapunov iterations.

Table 1. Errors per Iteration

i [F(P")]

0 9.1844¢ — 01
1 5.3443¢ — 02
2 4.5728¢ — 04
3 1.7249¢ — 10
4 5.6420e — 12

Table 2. Number of iterations

€ Lyapunov iterations Newton’s method
1072 29 6
1073 29 5
10-* 29 4
107° 29 3
1076 29 3
1077 29 3
1078 29 2

Table 3. CPU time [s]

€ Lyapunov iterations Newton’s method
102 3.8047 3.2750
1073 3.7610 3.4187
10~4 3.2421 2.8891
1075 3.6235 3.2343
1076 4.1844 3.8234
1077 3.5968 3.2079
1078 3.0469 2.6375

7 Conclusion

The mixed Hy/H oo control problem for infinite horizon
MSPS have been studied. The new algorithm to solve
the GCMARE which is based on the Newton’s method
has been newly proposed. Consequently, the resulting
algorithm achieves the quadratic convergence. More-
over, it is very important to note that the resulting
algorithm is quite different from the existing method
[7]. Comparing with Lyapunov iterations [2], even if
the singular perturbation parameter is extremely small,
we have succeeded in improving the convergence rate
dramatically.

It should be noted that the matrix computation of
our algorithm needs two times dimension of the full-
order CMARE compared with the Lyapunov iterations.
Thus, it seems to be formidable for the proposed algo-
rithm. This drawback must be avoided by all means
because the MSPS includes the numerous fast subsys-
tems. This problem will be addressed in future inves-
tigations.
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- - - 3.7133e 4 00 3.6038¢ — 01
o Xoo €1 X% 2 X3 - 3.6038e — 01 3.7133e + 00
x(© — 10 %11 o , oo = 3.2010e + 01 1.3319¢ — 13
X2 0 XKoo —2.8560e — 13 3.2010e + 01
2.4552e — 01 —2.4552e — 01
%, _ [ 5.2016e 401  —9.0222¢ — 14  1.0465¢ + 03  —3.3809¢ + 02
10 = | 1.4558e + 01 8.3316e — 14  2.5005e 4+ 02  —9.2913e + 01
X _ 9.1116e — 14 5.2916e + 01 —3.3809e + 02 1.0465e + 03 —7.997
20 = | _—1.236le — 13  1.4558e 4+ 01  —9.2913e 4+ 01  2.5005¢ + 02  —2.195
., _ [ 8.6935e+01  7.9373¢ + 00 %o, — [ 36935+ 01 7.9373¢ 4 00
117 | 7.9373¢ + 00 1.6947e¢ +01 |’ 227 | 7.9373¢ 4+ 00 1.6947e + 01

3.8150e + 00

3.8110e — 01

7.9970e + 00
2.1958e + 00

3.2010e + 01
2.0421e — 13
6.5090e + 02
—2.0457e + 02
4.8400e + 00

]
|

Oe + 00
8e + 00

]

3.2877e + 01

6.4624e — 14
3.2010e + 01
—2.0457e + 02
6.5090e + 02
—4.8400e + 00

2.1161e — 13

2.4552e — 01
—2.4552e — 01

4.8400e + 00 s
—4.8400e + 00

1.7478e + 00

2.4431e — 01

Yoo 51?17(") 52?27;) 3.8110e — 01 3.8150e + 00 1.6920e — 13 3.2877¢ + 01  —2.4431le — 01
y(0) — Y10 Vi1 0 , Yoo = 3.2877e + 01 1.8630e — 13 6.6051e + 02  —2.0697e + 02 4.8362¢ + 00
Y20 0 Yoo —1.7764e — 15 3.2877e + 01  —2.0697e + 02 6.6051e + 02  —4.8362¢ + 00
2.443le — 01  —2.4431le — 01 4.8362e + 00  —4.8362e 4 00 1.7547¢ + 00
o _ [ 5:5739e 401  1.4397e — 13  1.0832e +03 —3.5113¢+02  8.2091e + 00
10 = | 1.7378¢ + 01  8.6035¢ — 14  2.9194e + 02  —1.0976e + 02  2.5717¢ +00 |°
oo 2.2926e — 13 5.5739¢ 4+ 01  —3.5113e 4+ 02  1.0832e + 03  —8.2091e + 00
20 = | —3.673le — 14 1.7378e + 01  —1.0976e + 02  2.9194¢ + 02  —2.5717e¢ +00 |’
¢ _ [ 3.7496e +01  9.0012¢ + 00 Voo — [ 3-7496c 4+ 01 9.0012¢ + 00
11 = 9.0012e + 00 1.9007e 4 01 v Y22 = 9.0012e¢ + 00  1.9007e + 01 )
X(o) o x(OT X(S)T 3.7318e + 00 3.5834e — 01 3.2414e + 01  —1.3395¢ — 01 2.4760e — 01
5 1 3% T (5 3.5834e — 01 3.7318¢ + 00  —1.3395¢ — 01 3.2414e + 01  —2.4760e — 01
x®) = 5 va© . > c X = 3.2414e + 01  —1.3395e — 01 6.6025¢ + 02 —2.1004e¢ + 02 4.9057¢ + 00 | ,
(5) (5 —1.3395¢ — 01 3.2414e + 01  —2.1004e + 02 6.6025¢ + 02  —4.9057¢ + 00
20 Vo X Xog 2.4760e — 01  —2.4760e — 01 4.9057e + 00  —4.9057e + 00 1.7472e + 00
X(s) 5.3086e + 01  —5.6524e — 02  1.0556e + 03  —3.4322e 4+ 02  6.6619¢ + 00
10 1.4558¢ + 01  —3.5609¢ — 14  2.5196e 4+ 02  —9.3934e 4 01  1.710le 4+ 00 |’
«(8) _ [ —5.652de — 02  5.3086e + 01  —3.4322¢ +02  1.0556e + 03  —6.6619¢ + 00
20 —1.0252e — 14 1.4558¢ 4+ 01  —9.3934e 4+ 01  2.5196e + 02  —1.710le 4+ 00 |’
(5) _ [ 3.868le+01  8.4009¢ + 00 x(5) _ [ 3.868le +01  8.4009¢ 4 00 x(5) _ [ —5.6223¢ — 01  —1.5430e — 01
11 8.4009e + 00  1.7076e + 01 |’ 22 ~ | 8.4009e¢ +00 1.7076e+01 |’ “21 ~ | —1.5430e — 01  —4.2769e — 02 |’
(5) v (T y®T 3.8344e + 00 3.7844e — 01 3.3299e¢ + 01  —1.4166e — 01 2.4625¢ — 01
s Y10 20 (5 3.7844e — 01 3.8344e + 00  —1.4166e — 01 3.3299¢ 4+ 01  —2.4625¢ — 01
y () = Y(s) 5) va~ly(®T LYo = 3.3299e¢ + 01  —1.4166e — 01 6.7015e + 02  —2.1260e + 02 4.8999¢ + 00 | ,
(o) 5 1 —1.4166e — 01 3.3299e¢ + 01  —2.1260e + 02 6.7015¢ + 02  —4.8999¢ + 00
Ve Y Yoo 2.4625¢ — 01  —2.4625¢ — 01 4.8999¢ + 00  —4.8999¢ + 00 1.7536¢ + 00
y(5) _ [ 5.5945e4+01  —6.8681e — 02 1.0031le + 03  —3.5668e +02  6.8048¢ + 00
10 1.7378¢ + 01  —2.8948¢ — 14  2.942le + 02  —1.1096e + 02  1.9823¢ + 00 |’
(5) _ [ —6.8681c —02 5.5945¢ +01  —3.5668c + 02  1.0931c + 03  —6.8048¢c + 00
20 ~ 1.3661le — 14  1.7378e + 01  —1.1096e + 02  2.9421e + 02  —1.9823¢ + 00 |°
v _ 3 935le + 01  9.5556e + 00 v (3 _ [ 3.9851le +01  9.5556e + 00 (8 _ [ —5.9900e — 01  —1.856le — 01
11 = | 9.5556e + 00 1.9175e¢ +01 |’ “22 = | 9.5556e +00 1.9175¢+401 |’ 21 ~ | —1.856le — 01 —5.6336e — 02
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