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Understanding of Numerical Computation via Simulation and Its Application

Hiroaki Mukaidani

The feature of the basic theorems that are related to the numerical computation and some examples of
how to use them are introduced through the simulation. The new iterative techniques for solving the
algebraic Riccati equation and algebraic Lyapunov equation are used for weakly—coupled systems as an
application. It is shown that the free numerical application tool which is called Octave is very powerful
tool and it is available for the understanding of the numerical computation for undergraduate students

in the early learning stage.
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ETx$ - xo) + (XY - X,)E,
+e {EL(XE) — X12) + (X —XTEp} =0 (24b)
ET(XE — Xio) + (XEY - X15)E,
+(XFY _ X)) B+ BEL(X$F — Xp) =0 (24¢)

(24) Tk=02&9HiL (25) 2183.

ETX® - x1) + (X - X1)E; +0(6%) =0 (25a)
ET(X) — X2) 4+ (X — X3)E, +O(2) =0 (25b)
L7eA 5T, B; OZEMHZER T T Lyapuno HER
OEE (2] &b XV - X; = O(c?) 183, E5IT (24c)
IKRALT X3 — X1 = 0(e2) 183, UE&KD k=1
DEEFATS. k=1DEE
1IXP - Xil = 0(e?), (i=1, 2)
1X5 — Xl = O(e®), 122 (26)
PRITBERETHE, 24) Tk =12LT (20 %
83,
ET (X — X))+ (XY - X1) By +0(62+2) = 0 (27a)
ET(X{) - X3)+(X§ - X5) E+O(2+2) = 0 (27b)
LietioT, XD - X, = 0(c2+2) 2183, Rk
(24¢) IKRALT X5 - Xy = O(e2+2) 2183, LU E

&0 (22) LHEUTEk=1+1DLELRILT S, B
ICBEIRRREEIC K D (22) BRIIT BT L VRENT. B

3 YXalb—v3v

BRIN7IVTY XL (13), (21) DERMEHERT 57
BDICYIalb—ay2iTd. X 8 2BLIHHESY
AT L (1) DITHZLTic 52 3.

0 1 —-0.266 —0.009
-2.75 —2.78 —1.36 —0.037
Ay =
0 0 0 1
~495 0 -55.5 —0.039
[ 0.0024 0 -—0.087 0.002
-0.185 0 1.11 —0.011
€App =
0 0 0 0
| 0222 0 8.17  0.004
[ 0.021 0 0.121 0.003
-1.1 0 -1.62 -0.015
€Az =
0 0 0 0
| —243 0 137 -0.034
[ -021 1 -16 -0.005
-19 -1.8 93 -012
Az = 0 0 0 1
| -31 0 -5 0.032
[0 0
36.1 78.9
B = , Bo= , Bia=DB; =0
0 0
0 0

Riccati AKX (4) DR, Q ZZTNTN R=1,Q = 0.5I5
ICRES . BEENFEEFIALUT, VHE PO BX
Ue=01DLEDMR P0.1) & Table 1 IC5Z 5N 3.
RO TR T BT DICEEED / IV L% Table 2 I
X3, IEL, IR R IG(P®))| < e—10 & L7z,

Table 2.
IG(PM))
6.3881e — 01
4.6192¢ — 02
3.1037¢ — 04
8.456%¢ — 10
1.1457e — 11

W N - O

Table 2 &0, BEENT7INVIYU XLZ 2 RINEKTH
ZTENHEREIND. E5IC, BB e lcHd 3RO
T7% Table 3IC5X%. Table 3& YD, 2TDelcHLT
BRINETNVIVZLE 2 RINKTHB T L B HERE
h3.

B, 7VdV XL (21) DUUEMRTERT 3. ¢ =
0.1, Newton ¥ 1 B H D DR LEIERN TOIGROBET
% Table 4 IC5X%. T272L, WOR¥HIEZR [H(X®)| =
IETX® + X®E + H|<e-10 & LTz,
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Table 1.
P™ =1.0e401x
F 8.74e —02 3.00e — 03 3.7le — 01 —8.46e—03 0.00e+00 0.00e+00 0.00e+00 0.00e + 00
3.00e - 03 1.87e —03 1.32e—02 1.70e—04 0.00e+00 0.00e+00 0.00e+00 0.00e + 00
3.7le —01 1.32¢ — 02 4.10e +00 —2.20e — 02 0.00¢ + 00 0.00e+ 00 0.00¢+ 00 0.00e + 00
~8.46e — 03 1.70e — 04 —2.20e — 02 7.33¢— 02 0.00e+00 0.00¢+00 0.00e-+00 0.00e + 00
0.00e + 00 0.00e+00 0.00e +00 0.00e+00 6.39¢e—02 1.09¢~—03 3.36e—01 —8.86e — 03
0.00e + 00 0.00e+00 0.00e +00 0.00c+00 1.09¢—03 8.87e—04 6.05e—03 —5.13e — 05
0.00e + 00 0.00¢ +00 0.00e +00 0.00e+00 3.36e—01 6.05¢ —03 6.12e+00 —2.85¢ — 02
L' 0.00e+00 0.00e+00 0.00¢+00 0.00e-+00 —8.86e —03 —5.13¢ — 05 —2.85¢ —02 1.10e— 01
P(0.1) = 1.0e + 01 X
- 8.74e—02 3.00e—03 3.69e — 01 —8.23¢—03 9.23¢—04 1.06e —05 5.75¢ — 03 —4.39¢ — 03
3.00e ~03 187¢—03 13le—~02 1.76e—04 d4.71e—05 G6.85e—07 5.07e~04 —1.43¢ - 04
3.69¢ —01 1.3le— 02 4.09¢+00 —2.20e — 02 —7.60e — 03 —1.78¢ — 04 —2.1l1e — 01 —d.4de — 02
—8.23¢ -03 1.76e —04 —2.20e — 02 7.32¢—02 2.56e—03 4.17¢ —05 4.43e — 02 —3.10e — 03
9.23¢ —04 4.7le — 05 —7.60e — 03 2.56e —03 6.4le—02 1.09¢ —03 3.39¢ — 01 —8.94e — 03
1.06e —05 6.85e — 07 —1.78e — 04 4.17¢ — 05 1.09¢-03 8.87e—04 6.1le—03 —5.16e - 05
5.75e —03 5.07e — 04 —2.1le —01 4.43¢—02 3.39¢—01 6.1le~03 6.18¢+00 —2.8de — 02
L -4.39¢ —03 —~1.43e — 04 —4.44e — 02 —3.10e — 03 —8.94e — 03 —b5.15¢ — 05 —2.84e — 02 1.1le— 01
Table 3.
k e=e—01 e=e— 02 e=e— 03 e=e—04 e=e— 05
0 6.3881e — 01 6.3881e — 02 6.3881¢ — 03 6.3881e — 04 6.3881e — 05
1 4.6192e — 02 3.5599¢ — 04 3.5457¢ ~ 06 3.5457¢ — 08 3.5630e — 10
2 3.1037¢ — 04 2.9105¢ — 08 6.8918¢ — 12 4.9959¢ — 12 2.4082e — 12
3 8.4569¢ — 10 4.4492¢ — 12 - - -
4 1.1457¢ — 11 - - - -
Q1] IVEa—ZFARCOWTEBRLET. LTS bRLAL S ORBATIEIL,
L 1 #LIA [6 [ 1#voe&Elm [ 3 [ 2%263&%MA | 2 | 3 ELLE [ 4]
[Q2) 7RFSIVVRICOVWTHEBRLET. LUTOS bR MELL OEBA T EEIN,
[ Stk | 10 [ ¥ [ 1 T #5188 | o | 1ELE [T4a ]
[Q3) C BMERALETOYSI  JRMETLAN.
WRE 57 | i [z | SRip-r ] 6 | BUho7 5 ]
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