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ARPENDIX A

Controllability and Observability

Given a system described by

X = AX + BU
G ) = Ci ~

It is desired to find controllability and observability of
this system.

Controllability. A system is said to be controllable if it is
possible to drive any state of the system to the origin in a finite
time, by a suitable control energy U. ILet G be the n x nm matrix,

defined by the relstion

2

G [BAB&QB —--An—lB] .

Then, the system is completely controllable if and only if the rank
of G is n, that is

rank = n
or, equivalently, if and only if there is a set of n linearly
independent column vectors of G, In particular, if Bisannx 1
matrix, that is if the control is scalar - valued, then the system
is completely controllable if and only if the n x n matrix G is
nonsingular, 1.e.,

det G # O,

Cbgervability. A system is said to be observable if every

initial state X(0) can be exactly determined from measurements of the
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output ¥ over a finite interval of time 0 't K t; . Let H be an

n x nm matrix, determined by the relation
A n-1
H = [CT 2 = = s (4F) cT ]

Then, the system is completely observable if and only if the rank of

H is n or, equlvalently, if and only if there is n linearly independent
column vectors of H. In particular, if C is &2 1 x n matrix, that is

if the output is scalar - valued, then the system is completely

observable if and only if the n x n matrix E is nonsingular.

System Conditio;

The necessary condition required for the system in this research
is that, the system must be completely controllable, This means that,
since B is n x 1 matrix, the determinant of G # O, The requirement
of controllability guarantees that the minimum cost functional is

finite.l From the matrix
[B g Ineam-1 o J .

Substituting in the numerical values of A and B, then

o 0 0
L 0 0 12.5 x 3433333 x 3.84615
0 12 x 3.84615 =12.5 x 3.84615(12.5 + 3.84615)
3.84615 ~3.84615 3.84615°

3.84615 x 5 x 12.5 x 3433333

3.84615 [—-3 33333 x 12.5 = 3.33333 x 12.5 (12.5 + 3, 84615)1
3.84615 [12 5 (12.5 + 3.84615) + 12.5 + 3, 846152
-3.84615%

I
i
o
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Det = 3.84615 X 12.5 X 3-84615 X 3033333 X 1205 X 3084615 X 305:4615

X 5x 12,5 x 3.,33333
= 23,744, 418.3949
£ 04

Thus, the system is completely controllable.
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AFPPEWDIX B

Derivation of the Optimal Controller ﬁ

Problem statement., Given the linear gystem

Fdel
1

= AX + B0 (1)

¥ = ox N (2)

The cost functional
T
7= % | (TR + TTRD) as (3)
0

where A = nxn matrix

B = mnxr matrix

C = mxn matrix

I = Aok vector

T = rxl vector

Q = nxn positive semidefinite matrix

R = rxr positive definite matrix.

Find the optimal controller ﬁ, i.e., the controller which will drive
the system (1) so as to minimize the cost functional J (3).

Derivation of G « The Hamiltonian is of the following form :
_ 1[zT 1 (¥lep P -]
H = Q[X@}i-zl_ﬁrmj]-r?r\vﬂ-rall

- 1 A =
where P is the costate vector.  For an optimal controller i § £

and X must be the solution of



Thus, X = AX+3% ; P = -qQf-AlP., (4)

It is also neceasary that

908 = o = g7+ 8P (5)
0g
then G = - H-l BT§ . (6)

The requirement that R is positive definite guarantees the existence

-1
of R ,
The optimal controller must minimize the Hamiltonian. The
necessary condition g—_}l- = 0 yields only an extremum of H with
U

respect to ﬁ. In order that the extremum of H to be a minimum with
respect to U, the matrix El§§~ must be positive definite, But, from
U

eqe (5) it is seen that
Pl
%

and hence since R is positive definite, it follows that the control.ﬁ

R

given by eq. (6) does indeed minimize H, and hence H is minimal., It
was shown that the costate vector P and the state vector X are related
by an equation of the form

P ] KX (7)
where, K is an n x n time - varying matrix.l Differentiating eq. (7)

with respect to time results in

P = KX+ KK, (8)
Substituting T of eq. (6) in eq.(4) yields

X = AY - BR BIKX . (9)
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Substituting X of eq. (9) 1n eq. (8) then

I3 [k +xa- kR K | % . (10)

Substituting P

KX in the second eqs (4) and then substituting
in eq. (10) yields
o m o . -1 -
- =AK = [K+KA-KBR BTK}X i
Rearranging, finally

. -1 -
[K-I-KA-KBR 2TK + 4K + Q_[x = 0.
. "lT T

Thus, K+KL-KBR BK+AK+Q = 0 (11)

which is the matrix Riccati equation,.
For a time - invariant system and for final time T = o0, K is the

solution of the nonlinear matrix algebraic equation :

-ATK-KA-vKBR'lBTK-Q = 0. (12)

Once the steady state sclution of the matrix Riceati equation

(12) ie found, D may be calculated from eq. (6) with P = KX that is,

r o =] £
) & -R BKX .

This is the desired optimal controller which will drive the system

in such a way that the cost functional J is minimized.
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APPENDIX C (7N
. \ LY ¥
,9¢\\m2;’{..j .‘*
\%9* Bt a'{.‘:' .
Analog Computer Program Dsaay

For simulation with an analog computer, programs are written
as shown in Figs. 1, 2 and 3. Fig. 1 is the program for simulation
of the conventional control system which does not include effects of
speed - governor dead band. Fig. 2 includes speed - governor dead
band. Fige 3 is the program for simulation of the optimal control
system, Analog computer used in the study is YIW analog computer.

It should be noted that, all three programs are written from
the block diagram of Fig. 11, Fig, 19 and from the optimal control
system respectively. These programs are written with full
representation of each transfer function by each element of analog
computer. Thus, in actual simulation, may drop some unnecessary
summers in the same loop. But, this may lead to an incorrect sign
when plotting the curves, so care must be taken in this case.

Figs. 1, 2 and 3 are shown as follows :
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Program for similation of the conventional control system
without speed = governor dead band,
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Figure 2, Program for similation of the conventional control system with
speed = governor dead band,
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Figure 3, Program for simulation of the optimal control system
without speed = governor dead band,
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APPENDIX D

Solving the Riceati Equation

By using iterative method developed by Hitz, K.L., and B.D.O.
Anderson the Riccati equation can be solved.2 In this method, four
new matrices are formed. Then, 2 new equation for iteration is
written. The new equation is composed of the four new matrices, By
means of a digital computer, the iteration is carried on until the
accuracy is within the preseribed 1limit, in this case within ,00l.
After obtaining the result from the iteration, the solution of the
Riccati equation can also be obtained. The procedure is as follows :

The Riccati equation to be solved is

KA + ATK - KBRTS'R +Q = O, (1)
Let E = (I<A) AT A<A)
F = 2T~ A)'z B
¢ = R+8T (1-aDlq(z-4)"B
and H PR I s A)-IB s where I = identity matrix,

The iterative equation is

-1
By = ETBE - [ETAF 4 K] [ G+ F:D’E’:Ll'?l [ETﬁiF +E] +2Q
where #, = 0.

Then, the solution of equation (1) is

K 2 I-AT]_]- g I-A]_l (3)

Ln f; -

=,
I

where

I — oo
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In the computer program, Some variables are represented by others to

avoid confusion. These are

Q for [
Q1 . Q
PK . K
DI " I
MR o r
N - n

where n, r are the dimensions of the square matrices A and R respectively.
The program is vritten with one main program and three

subprograms. The three subprograms are used for transposition and

multiplication, addition and subtraction, and for inversion of matrices.

These subprograms named MULT, ADD, and ZVERT respectively, Matrices

B, F, G and H are formed in main program by the helps of these

subprograms. After substituting these four matrices into the iterative

equation, the iteration are, then, carried on until the accuracy 1s

not less than .001, This means that the difference between the elements

of matrix Q just calculated and those corresponding elements previously

calculated is not greater than .00l, Obviously, after obtaining Q or

B, K matrix can be calculated easily from equation (3). The flow

chart is shown as follows :



(_sum )
L

READ DATA N, MR, 4, i
Ql, R, B

WRITE DATA
N"MB’ A‘l q,l! Rl B

FORM IDENTITY MATRIX
DI

Y0

FORM E, F; H, G MATRICES RESPECTIVELY
« (DI =4)"X(p1 - 4)

THREE SUBPROGRAMS ADD MOLT
TRANSPOSITION
OUT PHE PROGRIM.

Se IS I 5|

G

= 2(DI - a)%p
= QL(DI - 4)%s

= R+ B(DI = aT)=Yy
y ZVERT ARE USED TO FIND ADDITION,SUSTH.Ce
» +ULTIPLICATION, AND INVERSION OF

MATRIX THROUGH J

CALCULATE Q.
Q=] ] 515 q1

SET PK

ou
O
o

KH

S

3 . ™
CALOULATE Q= Eq (E=[E"q Fal] [G+EIQiF]‘1[ETQ | QL

i =1

i

[ RN )

PK = Q.

CALCULATE SOLUTION OF

—THE RICCATI EQUATION

IPK=2{DT-4"]~1q [pT-41-L

WRITE

o

PK, KH
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. DNS _FORTRAN IV 360N-F0-479 3-8 MAINPGM . DATE _ 26/10/7S

C PROGELM FOQ SOLVING RICCATT FQUATION
c USTNG ITFRATIVE METHOD )
> - C __DFVFLOPFD BRY HITZ,K,.L.sAND B,D,0,ANDERSON
C o e o 3% A o ok ok ok o ok ok e ok o ok ok e ok ook ok ok
I 0001 COMMON /B1/21,DMX,A2,IR
0002 CNMMON/B3 /A3
faYaXats! COMMON/RA/LDT WA KKK
0004 PDIMENSTON A(9,9),01(2,9),R(242)4B(9+9)1E(999)+F(9,9)
; 0005 PIMENSION G(2,2)3H(9,9),0(9,9),01(S,2),A1(9,9)
0006 DIMENSION A2(9+9)+A3(9,9)3A4(9,9),A5(9+9),A6(5,9)
L 0007 __DIMENSION PK(2,9)
C N AND MR REPRESENT FOR N AND R THE DIMENSYON
— c NF MATRYIX
ooce RFTAD(1,101) N, MR
- 0009 101 FORMAT (212) = —
0010 READ(1,100) ((A(Y,J)sJ=14N),I=1,N)
L - 0011 100 FOPMAT(BFE,.2) R
0012 PEANC1,100)1((N1(TsJ)9sJ=14N),1=1,N)
Q13 PEAN(1,100)((2(T3U)yJ=1,MR),1I=1,MR)
0014 READ(14,100)((B(TsJYyJ=14MP)eI=1,N) "
0015 . WPITE(&»s8%) e T ——
0016 B0 FNRMAT (//12X,'CHECK DATA INPUT!')
co17 __WRITF (8,590 )NyMR o RS .
6018 590 FOPMATA/Z/Z1TXe'N =1',12,5X,"MR =',12)
gQle WoITE(R,588)
0020 588 FORMAT(//12Xy ' A(NyN)=MATRIX ')
.. Qo021 L WRITF(E,300)0(A(T,J)3J=1,N),I=1,N)
one?2 200 FOPMAT(//(/712Xs4F10,.5))
N 0023 - WRITE(8.%87Ylo .
00”26 58T FORMAT (/Z/12X, '"Q(MyN)=MATRIX ')
0025 WETTC (P, 3C0Y((01(T,J),J=1,N),(=1,N)
on2e WRITE (3,586
_ 0027 586 TORMAY (//12Xs*RIMRyMR)=MATRIX ')
an2p WRTITECR,, 201 )((R(I3J)sd=1,4MR),I=1,MR)
S 0029 301 FOPMET(//(/12%X,F10.5)) S .
0030 WRPTTF(Ly5CF)
) 0031 SR8 FOAMAT(//12X, "BIN,MP)-MATRIX ')
R 0032 WRITF(E2301)((R(JTsJ)sJd=1,4MR),I=1,N)
I - _C  FORM IDENTITY MATRIX DI
0033 PN10T=1,N
G034 PDI0JI=1yN o o
0075 IF(TNF.J)GOTO11
0Qie DI(I,J)=1,
0037 GNTO10
_ 0038 11 DI(1,J)=0, - S e
0039 10 CONTINUF
o i C rorM F-MATRIX
0040 KK=1
_ 0041 CALL ADD (NyN)
0042 CALL ZVERT(N)
o oneR  IF(DMX.F0.0.)GDOTOCOQ
o 004t KK =2 '
e 0nas CaLL ADD(NyN)
0046 IR=1




____DDS FORTRAN IV 360N-F0-47¢ 3-8 MAINPGM "DATE 26/10/75
Qa7 CAlLL MULT(N,NyN)
onag DO12 I=14N
4 00ao pDO12 J=1,.N
0050 12 E(I,J)=A3(T1,J)
o - c FORM _F-MATRIX
0051 PD14T=1,N
0052 DO1& J=1.HN
0053 14 A2(I,J)=A1(1,J)
____00&a CALL MULT(NyN,N) .
0055 NDO1S 1=1,N
0056 DO15J=1,N
0057 15 A2 (1,J)=A1(1,J)
" 0N&8 D016 1=1,4N
0059 NO16 J=1,N
______0Q0€0 Al (T, J)=A3(T,4)
00F1 16 A2(14J)=8B(T1,J)
= = 0Qez CALL MULT(N,N,MR)
00F3 PO17 I=1,4N
00~k DN17J=1, MR
0065 17 F(Xsd)=2%A3(1,J)
o C FORM H=MATRIX
0066 D018 T=1,N
o 0067 DO18 J=1N " |
0068 A1(1,J0)Y=01(1,J)
_ 0069 18 A2 (T,J)=A86(T,J)
0070 CALL MULT(NsNyN)
= 0071 DO19 T=1,N
0072 DO19J=14N
0073 A1(I,J)1=A3(1,4)
0074 19 A2(1,J)=B(1,J)
0075 CALL MULTEN,;N,MR)
0076 PO20. I=1,N
0077 DN20J=1, MR =
Qo078 20 H(I,J)=A3(1,J)
o c FORM IG-MATRTX
0079 DO3I0 I=1,N
00 B0 NDOZ20 _J=1,N
. 0081 30 A1(T,J)=A(1,J)
e o OE2 IR=2
0083 CALL MULT(Ny,N,N)
- 00R4 D022 I=1,N
0085 POP?2 J=1,N
00nn 22 A(I,J)=A1(Y,3)
ONKT KK=1
0040 S CALL _ADD(N,N)
0089 CALL .ZVERTI(N)
00920 _  JF(DPMX.FN0.,0,)GO0T09¢9
0091 NO23 I=1,N
gpa2 ND23 J=1,N
0093 23 AS(I,J)=A1(1,J)
- 0024 PO24 I=1,N
-~ 0095 D024 J=1,MR
o 0096 24 A2(I,J)=H(I,J)

IR=1
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oo DOS_FORTRAN IV 360N-T0=-479 3--8 MAINPGM " § DATE 26/10/75
- aoen CALL MULT(NJ,N.MR)
0099 DN25 I=1,N
e - D100 pN25 J=1,MR
0101 25 Al (1,J)=B(1,J)
0102 1R=2 o
0103 CALL MULT(NyN,N)
. 0104 DO26& I1=1aN
0105 DO26 J=14 MR
ORIt ¢ 1 1153, 26 A2(X3J)=A3(1,J)
0107 IR=1
e Q108 ______ CALL MULT(MR,N,MR)
0109 NO27 I=1,MR
0110 D027 J=14.MR
0111 DI(IyJ)=R(T,4J)
o112 27 A(I2J)=A3(1,J)
0113 KK=2
- —01f4 CALL ADD(MR,MR)
0115 D028 I=14MR
0116 D028 J=14 MR
0117 28 G(IyJ)=A2(14J)
C CALCULATE QI#1,I=0 WHICH SUBSTITUTE Q0=0
o118 D031 I=1,MR"
0119 D031 _J=1,MR
0120 31 A1(1,0)=G(1,J)
0121 CALL ZVFRT(MP)
0122 D081 I=1,N
0123 NO31 J=1,MR
0124 A2(14J)=A1(1,J)
0125 81 A1(I,J)==H(I4J)
0126 CALL MULT(NysMR,MR)
0127 D032 I=1,N
o128 DO32J=14N
Q129 32 A1 (1,3)Y=H(1,3) )
0130 IR=2
0131 CALL MULTUNyN,N)
0132 D033 I=1,N
0133 DO33 J=1,N
0134 A2(1sJ)=A1(1,4)
o 0135 33 A1(1,J0)=A3(T,J)
0136 IR=1
0137 CALL MULT(N,MR,N)
0138 NO34 T=1,N
0139 DO34J=1,N
0140 DI(IsJ)=A2(T,J)
0141 34 A(T,J)=01(1,J)
0142 CALL ADD(N,N)
0143 DO35 I=1,N
0144 D035 J=1,MN
n14as 35 0(l,01=A2(1,1)
C SFT PK-MATRIX EQUAL TO Q(I,J) AND SET KH=1
- 0146 KH=1
- 0147 DD 76 I=1,.N
; 0143 DO 76J=14N
0149 76 PK(I1+J)=Q(14J)
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o CALCULATE QT+1
0150 29 D036 I=14N
24 0181 D036 _J=1sN
0152 A1(I40)=F(I,J)
IR - ); .- 36 A2(1,0)=Q(1,J)
0154 IR=2
_ 0155 CALL MULT(NsNsN)
0156 IR=1
0157 CALL MULT(MRyN,N)
0158 NO37 I=1,N
0159 DO37_J=1,N
0160 A1 (I,J)=A3(T,J)
ol 0161 37 A2(1,J)=F(1,J)
0162 CALL MULT(MRsN,MR)
0163 D038 1=1,MR
0164 D038 J=1,MR
= 0165 DI(I,J)=A3(1,J)
0166 38 A(I4J)=G(1I,J)
- 01A7 CALL ADD(MR,MR)
0168 DO39 I=1,MR
0169 PD39 J=1,MR
0170 30 A1 (1,J)=A2(1,4)
- 0171 CALL ZVERT(MR)
0172 ND40 I=1,N
_ 0173 DO40 J=1]1,N
0174 AG(I4,J)=A1(T,J)
B 0175 A1 (I,J0)=FE(1,J)
0176 40 A2(I,J) =0(1,J)
0177 IR=2 VAR s
0178 CALL MULT(N¢N,N)
0179 I1R=1
01860 "CALL MULTINNyN)
0181 DN4al I=1,N
0182 D041 J=1,N
01833 Al (X1,J)=A3(T,J)
0184 41 A2(1,J)1=F(1,J)
01835 CALL MULT(N,N,MR)
g 0186 NO42 I=1,N
G187 DNA2 J=1, MR
0188 PI(I,J)=A3(1,J)
0189 42 A(T,Jd)==H(TI,J)
0190 KK=1
1ol CALL ADD(N,MR)
0192 NO43 I=1,N
0123 NO&3 J=1,M
0194 43 A2(I14,J)=A6(1,J)
0195 CALL MULT(NyMR,MR)
01¢6 TR=2
0197 CALL MULT(NgNyN)
0198 NNaa I=1,N
0199 D044 J=1,N
- 0200 A2(TI+J)=A1(T7,0)
0201 44 A1(T.J)1=A3(T,J)
0202 IR=1
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- 0203 Call, MULT(NMRsN)
0204 PO4S T=1,4N
& 0205 DO45 J=1,.N
0206 45 AG(I,J)=—A3(1,J)
0207 DN4E _1=1,4N
0208 D046 J=1,N
Q209 AL(I.J)=C(T.J)
0210 46 A2(1,3)=Q(1,J)
0211 IR=2
0212 CALL MULT(NyN,N)
0213 _Ir=1
07214 CALL MULT(N,N,N)
0215 D047 I=1.M
0216 D047 J=1,N
0217 Al (l1,J)=A3(1.4)
0218 a7 A2(1,J0)=E(1,J)
- = 0219 CALL MULT(NsNsN)
0220 P04 I=1,N
0221 p04g J=1.N
0222 DI(YJ)=A3(T,J)
0223 48 A(IsJ)=A6(1,J)
0224 KK =2 7
Q225 CALL ADD(NyN)
0226 P49 I=1,N
— 0227 DNAag J=1,.H
0228 DI(I,J)=A2(1,4)
= 0229 49 A(I,J)=01(I,J)
0230 CALL ADD(MN4N)
0231 DOS0 _I=1,N
0232 DOSO J=14N
0233 50 Q(I,J)=A2(T4))
c CHFCK IF ((01+1=PK)=,001) LESS THAN 0,IF NOT ADD 1 TO
- (o4 KH AND SET PK=0I+1 THEN RFCALCULATE QI+1,IF THE LOGIC
c 1S TRUF WPITF KH=NO OF ITEFRATIONS
T 0234 DPOT70_I=1,N
0235 PN70 J=1,4N
_ 02326 IF(APS(O(Y 4 J)=-PK(TsJ))=,001)70,70,71
J 0237 70 CONTINUE
0238 GOTOT2
0,39 71 KH=KH+1
0240 DO731=1,N
0241 PO73J=1,N
0242 73 PRK(1,J)=0(X,J)
0243 GOTD29
1" € CALCULATF PK=SOLUTION OF THE RICCATI EQUATION
0l44 72 WRITE(8,600)
0248 _£00 FOPMAT('1'//12X,'SOLUTION OF THE_RICCAYTY FQUATION')
0r46 PNS1 I=1,N
0247 DOS1 _J=1.N
0248 A1 I J)=AS(T,J)
. 0249 E1 A2(1:J1)=0(1.J)
> 0250 CALL MULT(NyN,N)
0251 DOS2 I=1,.N

0252

NDOS2 J=14N




DOS _FORTYRAN IV 360N-FO~-479 3-8 MAINPGM -DATE 2@110[15

02c3 Al(T40)=2 . %A3(T1sJ)
i 0254 S2 A2(1y,J)=A4(1,J)
0285 CALL MULT(N.N.N)
0256 DOS3 I=1.N
0257 DOS3 _J=1,N
0258 53 0(1,J1=A3(1,J)
0259 _WRITE(O.5011)
0260 501 FORMAT(//12X,'"K=MATRIX IS ')
0261 WRITE(R,3200)((Q(T1sJ)2J=1sN)yI=1,N)
0262 WRITF(8,500)KH
_ 0263 500 FORMAT(//12X,'NO OF ITERATIONS -=',13)
02€4 GOTOBO
- QP65 00 WRITE(R,.202)
0266 202 FORMAT(//12X+'NO SOLUTION,THE MATRIX IS SINGULAR')
0267 80 STOP
0268 : END




e _DOS FORTRAN IV 360N-FO~479 3-8 MAINPGM E DATE

26/10/75

SUBROUTINE rFOR FINDING MATRIX ADDITION

AND SUBTRACTION

3 0001 SUBRROUTINE ADD(KNKM)

0002 COMMON/B1/A1,DMX, A2, 1IR

oco3 COMMON/B4/D1.F1,4,K1

0004 NDIMENSION D1(9,9)3F1(9,9),A1(9,9),A2(9,9)
- 0005 IF(K1.EQ.2)G0T013

0006 NO12 I=1,KN

0007 D012 J=1,KM .

0003 12 A1(1+4J)=D1{T1,J)=F1(1,J)

0009 RETURN

0010 13 NDN14 T=1,KN
: 0011 DO14 J=1:KM

o012 14 A2(T4J)=D1(T,J)4+F1(1,J)
0013 RETURN

0014 END




. DDS FORTRAN 1V 360N-FQ0-479 3-8

MAINPGM

DATE

26/10/75

c SUPROUTINC rOP FINDING MATRIX TRANSPOSITION
C AND MULTIPLICATIOUN
¥ 0001 SURROUTINE MULT(KXsKY,KZ)
0002 COMMON/B1/T.CKZ,A2,IR
0003 coMMON/B3/CZ
0004 NPIMENSION T(9,9),A2(9,9),CZ(9+9)
3 Quns IF(IR.FQ.21G0OTQ2T
0006 P=0.
_ 0007 DNS I=1,KX
o008 NOSJ=1sKZ
0009 DO6 L=13KY
0010 6 P=P+T(I.L)*A2(L,sJ)
Q011 CZ(i.J)=P
co12 5 P=0.
_ 0013 — RETURN
oCc14 27 T=KX=1
< 0015 PN20 K=1,1_
0016 M=K+1
0017 Do2g L=M KX
0018 TA=T(K,LI
R ¢ | # Jp . T(KeL)=T(L4K)
0020 20 T(LsK)=TA
0021 __RETURN Z
o022 END
R,




e DDS FORTRAN 1V 360N-TF0=479 3-8

L

____MAINPGM

-DATE

26/710/75

SURROUTINE FO® FINDING MATRIX INVERSION

0001 SUBRDUTINE ZVERT(NC)
= 0002 COMMON/B1 /A AMX A2,1R
0003 DIMENSION B(O),CR(9,9),A(9,9),0D(9),+IVT(9)
Q004 IF(NC.NEL1)GOTO42
0005 Al1,1)=1/7A(1,1)
cQoa RCTUBN
0007 42 DNEO I=1,NC
0008 50 P(IY=0.
0009 KK=1
0010 D055 ID=1,4NC
0011 DO30 IM=1,4NC
0012 30 DD(IM)=APRS(A(IMs1))
0013 15 AMX=DDI(1)
S e Yo 6 & - 4 IDX=1
0015 DND10 L=24NC
3 0016 _IF(AMX.GE .DD(L))GOTO10
on17 AMX=DD (L)
e QC18 1DX=L
0019 10 CONTINUE
e e OOP0 IVTAKKYI=IBDX O
0021 IF(AMX,E0.0,)GOTO93
— . _ngd3 IF (KK FQ,41)6G0TO44
0023 N=KK=1
_ 0024 pDopE J=14N
0025 IF(IVT(KK)=IVT(J))25,18,25
0025 25 CONTIMUE
0027 GOTO4&
S ___ o028 18 DN(INX)=0,
0029 GNTU1S
) 0020 44 KK=KK+1
0031 BIIDX)=1%
0032 AMR=A{TDX,1)
00373 D034 J=1,4NC
S | o o . - 34 A(IDXyJ)=ACINX, J)/AMR
onas R{INX)=R(TDX)/AMR
0026 D022 IP=1,NC
3 0037 IF(IP,EQ,INX)GOTD22
0038 __AL=-A(IP,1)
0039 ROIP)=B(IDX)*AL+B(IP)
0040 D023 JF=14NC
004l 23 A(IP,IC)I=ACIDXIE)*AL+A(IP,IE)
i 0042 22 CONTINUE
0043 NPOSS T=1,NC
SN 0 £ - - JJ=NC=-1
0045 PO14 J=14,JJ
— 0046 14 A(T3J)=A(I,J41)
0047 A(TsNC)=BI(I)
004 £ B(11=0.
0040 PDNap IVv=1,NC
0030 IR=IVT(IV)
~ 0051 NODA0 JV=14NC
..., .} . .. S 40 CR(IVsJVI=A(IR,JV)
0053 DDAl JZ=1,NC




__DOS_FORTRAN IV 360N=F0-479 3-8 ZVERT DATE 26/10/75
anca IC=IVvTt 171
0055 DO&1YZ=1,4NC
1 0056 A(IZ,1C)=CR(1Z,42Z)
0057 41 CONTINUE
00s8 Q3 RETURN
0059 END
~ . o




s ———-

S /1 _EXEC .
() CHECK DATA INPUT
O N = 4 MR =
() A(NsN)=MATRI X
= =0.05000 S.OD_QQQ 0.0 D.,0
Q _ 0.0 -3.33333  3,33333 0,0
o -5.20833 0.0 ~12,.50000 12,50000
Fl""\
— 0-0 0.0 0.0 —3A8461_5
Q e ;
NDI{NyN)-MATRI X
E) 1.00000 0.0 0.0 0.0
0.0 0.0 0.0 0.0
O 0.0 0.0 0.0 0.0
. 0.0 0.0 0.0 0.0
L. R(MRE 4MR )~MATRI X
o
)
(@) 1.00000
O B(NyMR)-MATRIX
Q
AN
0.0
[ n 0.0
] 0.0
= 3,04615




Q.

SOLUTION OF THE RICCATI FOUATION

ol
A =
K=MATRIX IS

=N

-

o 0.41118 0.34949 0,07492 0.10978
1 0.340409 0.63422 0,10487 0.20128
[®) 0.07492 0,10487 0.02622 0,05427
o 0.10978 0,20128 0,05427 0,13911

- NO OF ITERATIONS = 17

®)

Q

- o




13.49,56,JURATIDN 00.,06,20
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