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I. Introduction

A major obstacle to the implementation of optimal cont-n’“ers has
been the complexity of such devices. For the general probler :: .
optimal controller is most readily determined in the form of required
time histories of the system inputs., This contrasts with the classical
output-feedback controller,

Optimal feedback controllers may be determined for the linear-
quadratic state regulator problem. Even here, however, they may be
difficult to mechanize since they require, in genersl, time-varying
feedback of all system states. Efforts have recently been madel'd’3 to
determine optimal time-invariant output-feedback controllers for such
gystems. In particular the finite-control-time problem was considered
in [3]; the theory was developed and computational techniques suitable
- for low order systems were presented.

In this report new computational methods are developed to mechanize
the theory presented in [3]. The increased computational efficiency
assocliated with these new methods allows the application of the theory
to systems of higher order. It also facilitates the computation of
optimal piecewise-constant output-feedback controllers for time varying
gystems.

The techniques developed in this report are illustrated by a seven

state model of a Saturn V booster rocket. An optimal controller is

computed foi this time-varying system over a portion of its flight.




II. Review of Theory

The following is a review of the theory developed in [3].
We are concerned with determination of the cptimal time-invariant

output-feedback controller for the linear system,

x(t)

A x(t) + Bu(t) (1)

y(t)

n

C x(t) (2)

where x(t) 4is an NS-dimensional state vector
E(t) is an NC-dimensional input vector
y(t) is an NF-dimensional output vector.

The quadratic cost functional is

T
. 3= x(T) Ex(T) + f XM &) + v @) R aT (3)
' 0

with R, F and Q@ suitably positive (semi) definite. Thus we seek the

gain matrix K which minimizes (3) where

u(t) = K y(t) (4)

The above problem cannot be solved for NF &€ NS unless the state
§(t) of the system is specified for some time instant. It has been
shown however, trat the expected value of J can be minimized if the
probability distribution of 3(0), the system initial state, 1is known.
For the particular case where (&) the outputs y(t) comprise the first
NF system states, and (b) the system initial state x(0) is uniformly
distributed on the surface of the unit hypersphere in NS-space, minimization
of the expected value of J 1is equivalent to minimization of the function

GF defined by

rn



T
GF = 'r%'é tr{FQS(T)CﬁT(T) + (Q+KRKT)f ¢(’1’)¢T(’t‘)d’t} (5)
0

where tr{ } denotes the matrix trace operation
#(t) is the state transition matrix of the system
TN T
x(t) = (A - BK") x(t) (6)

The restrictions (a) and (b) above are not severe.

The necessary conditions for K to minimize (5) are defined by
W=20 (1)

where W 4is an NF x NC matrix whose coefficients are given by

T
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The gradient of W with respect to the varisble feedback gains is
given by
T 2
_b__‘fgg = tr{F [ap o9 + @ 90" ¢
3 Kpq { akgq 9 Kgn d kpqakgh]T
( T) ' 38 3¢T @ 32 !
+ (Q+KRK . + aT
0 akpq 3 kgn akpqdkss:h

+
o/
-
=
|
o 3
3
F
o
-3
+
=
(o d
-3
&




3K TJ 6 T Jar
+ RK o msa—s ¢ o+ d’t’
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The above equations provide the basis of a Newton-Raphson iterative

method for finding the optimal K. The appropriate relationship is

= Kn - ﬁrn vn-l w (10)

K
-n

n+l

where the suffix denotes the iteration number

a:za is a vector arrangement of the maﬁrix w of necessgary conditions

V  is a suitable matrix arrangement of the gradient coefficients
defined by (9)

N is a convergence factor.




III. Computational Algorithm

A method is described below for digital computer mechanization of
the Newton-Raphson iterative scheme defined in Cection 1I.

It can be seen from (5)-(10) that the computations required involve

products and integrals of @(t), %LQ- and Qaia(t))k . It was
shown in [3] that o gh P

> i '

-;gﬁl = - '/; B(t-T)B gﬁgh #(z) aT (11)

t
22 g(t) f (t_m{ax“’ 34) | 3k M(T)Idf' (12)
I Kgn 9 ¥pq 0 i Ihgn %pq d%pq d¥gn L

Assuming the eigenvalueg of [A-BKT] to be distinct
At -
B(t) =m e "yt (13)
where J\ 1is the diagonal matrix of eigenvalues of [A-BKT].
‘ M 1is a corresponding modal matrix of eigenvectors.

Equation (13) is used to compute @(t) at time instants T/32, T/16,

T/8, 21/8, ..., T. Using these values, 9 A(t) can be approximated

Skgh
at times T/16, T/8, 21/8, ..., T by
T
28 (116)% - p(1/32) B 3~ ¢ (1/32) 1/26 (14)
gh gh ,
T
%-g— (T/8) =~ - ¢ (T/16) B —3—11:—— $(T/16) T/8 (15
gh gh




. e
(27/8) = @(3T7/16) B —— @(T/16) T/8
aksh 3 kg gh 1 ‘

T .
+ @$(T/16) B 3§ #(31/16) T/8 |
gh

- p/8) 2L (1/8) + 22— (1/8) p(1/8)  (26)
gh gh

98 (=) = g(1/9) -—’L - (%) - 2 (=P o(v/) (17)
gh gh
2
In a similar manner Ik 8;. is approximated at times nT/8, n=1,...,8
gh“ "pq

by

2 T T
2L (1/8) ~ - g(216) B[% 82 (1/16) + S g%gh (/26| 178

gh™ “pa pq

] +2

DIMFE + D2MFE (18)

38 @Iy g (e 20
Ik 9K g p (1/8) akghak ;)

+ DIMVE —L (--) + D2MFE _é_;L (-’%) (19)
gh

The above computations, plus the fact that @(0) is the identity !

2
matrix and both —2— (0) and
Ik, 3k, IE

allnws the computation of the various terms in (5)-(9) by Runge-Kutta

(0) are null matrices,

numerical integration. The remaining computations required for (10)




are routine matrix operations, except for assignment of a value to the
convergence factor /.

The optimal value of the convergence factor M is determined
iteratively. It is first set to 1. If GF is reduced M is doubled,
otherwise /ﬁr is halved. This process continues until the optimal value
of & is straddled. A quadratic interpolation technique then iterates
to the opuimal #°. Note that this "best step" procedure requires only
the relatively simple computation of the function GF at each step.

A Fortran IV program listing of the algorithm described above

comprises Appendix I of thls report.




IV, Resultis ard !'iscussion

Notable computsational improvements have resulted from the use of
the algorithm described in Cectlon 111 as compared to that used in [3].
The improvementis increase with the dimensionality of the system. Come

representative comparisons of computation times are shown in Table I.

2 Blace 2 stace 3 BLace
Systems 1l control 1 control 1l control
Considered 1 feedback 2 feedbacks 1 feedback
Ref
algorgthm 69 sec. 193 sec. 976 sec.
Fresent
elgord thm 8 sec. 82 sec. 17 sec. !

Table 1 Comparison of WATFIV Computation Times
for 014 and New Algorithms

The techniques described in this report are illustrated here by a
T state model of a Saturn V booster rocket. It is supposed that the
objective is to produce piecewise constant output feedback gains for
the time varying system.

Some preliminary notes are called for., In optimal control theory,
if the control interval is long compared to the time constants of the
dominant system modes it is most convenient to consider the control
interval to be semi-infinite. For this reason the numerical integration
techniques described in Section III were designed for control intervals
not longer than about five time constants. If it is desired to consider
longer control intervalé it will be necessary to increase the number of

points used in the numerical integration. This is a trivial modification.




The data for the illustrative example represent the Caturn V
booster at a time of 80 seconds after lift-off. ‘he control interval
is chosen to be 5 seconds; sey from lift-off plus 77.5 seconds ‘o lift-
off plus 82.5 seconds. The booster characleristice are adequately
represented over this time intervel by the data for the 80 second point.

The system matrix 1s

-

0. 1. O, . 0. 0. 0. 0.

0. 0. .203 -.6535 ~,0020 2.558 0.

-.0137 1. -,0407 .0002  -,0LL6 -.0334 0.
A=]o0, 0. O. . 1. 0. 0. (21)

0. 0. O. -4k, 67 -.1337 254.6 0.

0. 0. O, 0. 0. 0. 1.

0. 0. O. 0. 0. -50. -10,

e -

and the control matrix is

0.
1]

The first two states are available for feedback to the single controller.

The cost matrices F and Q are chosen to be identity matrices of the
appropriate order, and R is equal to .l. The first few pages of
program output for this problem comprise Figure 1. The solution achieved
is plotted in Figure 2, which shows that the program did indeed attain

a minimum expected value of the cost.
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STATES CUNTRAOLS FEEDBATKS 1GAINS
7 1 P l
SYSTEM MATRIX A
0,C000030 16 J2€02090 Jeud0JNI0D e COCCLEL
TT06000LCH0 T T T sICCTIO T Qe300 T U a0 T -
0.000CCV0 Cec¢03047D ~Jeb234950 =)e0J1655Q
255801130 CovuCOCUV -JeJl 30615 leCuaCCutC
=0, 0406825 T TTTTTT TLLIICISNY T =06 01463007 T T TeJ 0333920 T T T e e
0,000€307 CsJICCL IV JeJs30CCT0 Jel3iCCCIC
0.000¢CA0 16 203CC50 Je 42000I0 Je0JucuocC
0,0000C 30 7 7 TG IR0 T T 3 dCGLC00TTT T T =444 680R1CCL T e e
~0e1336630 254enlCCCOV 2¢0CICCO0 JeCCULCIC
20000032 CeJIdCiCLU e 0353200 Je0oCLOUC
Ve 0003000 " 715 2JL0CDY T Qe UJC0C00™ ™ ™ TG LCICS0C T
0, 00030390 LeudCSCIV JeuCoLO00 -504CaCCCUC
=~10,000u099
CONTRNL MATRIX B
TT0JOCU0CI0TTT T T TG IICT Lo T T3, 0000000 Je 00JCTIT -
0,v00CC0ON Ceu0C0000 1,0000000
TERMINAL TIME T =« 5,0€0000%
TERMINAL COST MATRIX F
1,0000020 Ce JNCCCOO 0,0C00000 J40CCCCCC
00005630 RN P ToE slofolls 1+ RuR Py Bs T Fofe Ko 1o B P ool of of oo I o
1.000€C20 CecJCOCOV Je Qu0¢300 JeCGuurCCOC
0.0000C920 Crode0C0V JeJ0QCJ0CO J:2GACCAC
~15000CC0O0 Te o0 oCCO00 T 0MICOCCTY T TG 03a9CCoTT
0,0004C00 CeclCCCUO Je230C000 Je02CCUOC
1,0002C00 CrwdCCCOV J«0000000 JeGAulcCOC
0.000CC00 Cscl03C00 7 TTTTTRLELOCCo0T T TR Lot ee T ——— T/
1.0005C00 Ceuvd3CCO0 Jeu000000 J.0J03€C0¢C
0, 000C000 (e w0CON0V VeuuJ09) JeCUCOECOC
Ta000CCO0™ ™ ™ THoCCOCOY 7040500000 T JSCLGCLaC -
0.000C00Q2 Ce-.0C0CIAD Ve UCQOCCON Je092CCCOC
1.000CCI0
STATE WEIGHTING ¥ATIRIX @
' 12 000CC30 CawuwCCRTUT JeOCUO000 JeOUCCCTT™ -
00022290 CeJdICOCIV VeCCOCQ0O0 JeGllCLCC
1.0002C00 0,:CCCCOO Je IGO0 Je0JCCCIC
0.000C000 TS ITCOUDNG T " Je 3000000 T JeCCCCTIC - - -
1, C00CCI0 (e wdCOCUV VedCJL(00 JeCullCOC
03002039 Ce 42CQOCCY JdedCIoCOU DeC30CCVC
1. C00RC00~ ¢, TcCCcCcco—" "JeJUUCCO0 T T T L00NCCAC -
0,000CC20 CsJ0CC0O0Q0 DeVQ0cCO0 JalClSCCCC
1. 000€0090 U,.3C0C00 Je0J2C¢CI0 JeOCULLLSC
Ve 030ICI0 Tl SICLLIY T T T T 34300C0COTT T ) sCGe00 T/~ =~
1.000CCO0 Ce .0CCCOV 00000000 VeCUULCCOC
060000230 CeQCCCI0 Je0CI2C00 JelCJCCIC
170000090~ - T ST

- TCIITROC WEIGHTING MATRIX ™R

0,100CC00

W M S e 4 et - - T——————— % o a0 i o i b oottt s < W S

———

—— v+ oo

(o - ———— ——a S—— . - o ——— T —————— ——— & i~ — g ot o ki e . e s -

Figure 1 Program Output for Example
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ITERATINN MUMBER 1

12

SAIN MATRIX o
~150660CC00 =1¢€,27C0C00

SYSTZM EIGEYVALUES

-0,48447150 J1 Ue 5445450 01
e 0448447150 01 7 TH0434454390 01
“0s4%365630-)1 Jehl17A1345D 01
“0,45365630~)1 ~0sul 70300 J}
T =0,13207580 30 77 CeldbE3LT10 A0 TTTTTTT
-0,1329758u 20 -Ue 3IB¢5L710 00
~0+13003720 00 -JsCCCIL000 QU

- e A— o

AVERAGE COST = 092c2.550 03

som .o

NECESSARY CONOITIUNS VECTCR

T T0.255%4030 02 77T 0412715730703
GRADTENT MATIIYX
0s14878930 02 011232240 01 Jell332240 01 0.5122086C 02

INVERSE GRADIENT MATRIX

0,67322600-~01 ~Cel4894530-02 -Ue1489463D-02

Jdel1¥55625C-01

- — - —

PRECED

ING PAGE BLAK

YQ.IUDT fﬁlﬁﬁlﬁj
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ITERATION NUMBER , 2
TNEWTGAINS T ) - N
=17456705617 =1l4e0456240

.

- - .

SYSTCM EIGE'IVALUES

~0s77703123-)1 16625240660 I1

e e Qe TTT0912D=-017 =0, (22243260 Q) -
~-0s48514500 01 Ce5358,730 01
“0e48514%0u U1 ~0e 53564730 01

e = Ce 104 74417°0% T T S48 TT3%GD 9N -

~0e10474440 Q0 “Je46CT 5550 U
~0,10654470 00 ~ve GCCCLO0D VO

5 ————

AVERAGE COST GF2 = Ce 55949820 03

STEP SIZE IS OOULSLEDs NFW GAINS ARE

T T 0619478110702 ~-04118212%50 02

T SYSTEM EIGENVALUES

~0e126174590 20 0e6329:500 J1
~0,10461749D 00 ~0,6325.500 01}
T TR0, 4 3617530 T OS2 111080 UL
~0e%8617540 91 =J2e5271.26C V1
~0.72371860-21 0»51970800 QU
FU0sT7237186D=017"7=C45197532N 00

~0,93748240-01 ~0C0€0J300 00

AVERAGE COST GF2 = Ces2311580 03

v v

STEP SIZE IS DJUBLTZO, NEW .15 ARE
~0.23296230 02 -0,6472+960 01

SYSTEM EIGENVALUES

TR 0L,181567907007 T T T, 8483I504D O =
-0s1515679D 33 -Uab4B83uuad I
=0:48925430 31 Ga51C09,490 01

T=0,489254307)1 =05 1C0J4%S001
-0e31482650-02 Js61C2.830 00
=-0e31482650-02 -0e61€0.830 22

T T S0, 79832210017 =3, C3CSTTLU0 09—

- AVERAGE COST GF2 2~ C,r8326380 73

STEP  SIZZ 1S DAOU3LED HIW G 1:S ™ ART
~0.30932450 92 0.,36250080 01

SYSTZM EIGEVALUES
~Ce27079170 30 De 67852840 01

T T =0,200791 70700 -0, TE%.2340°0L

Figure 1 (continued)




B i X X - . i - - - . .

1

=0,490879390 01 Ue4717435D 01

m ~0,4987939) 01 “Ue 191,360 01

o . 0.13530550 J9 Je 72354250 20
T T TTTTDLI35330550 007 TR0.72%3.250 00 T -

~0,67501210=-01 =CeCO(0v0D Q0

. - o " . v s

3 AVERAGE COST GF2 = Ced397506D VI

- — - — -

STEP SIZE INTERPULATICN. AZm GAINS ARE
_70024539520 22 ~0e48¢€2,44C 01

P ——— — &

SYST:M FIGENVALUES

it

T=0,16233030 007770, 65223BED 0T
¢ =0s16282030 00 =0,652234860 01
=0,490449540 01 Ue 50463560 0}
TE0.4304G54)7017 7T =045046356D° 0177
0e19166540-01 Use 63215450 00

0.19166540-01 ~Ue 03312450 0V

=0¢76934%00=0T 7" =03,CoCC3300700

~
TTTTRVERXGETCOST GFZ ET T UL TTTITIASDD3
T STEPTSTZEINTERPOUXTIONG NEa GATAS ARE
C -0.2547C31D 02  =0.,35570750 01
¢ SYSTFM EIGENVALUES
-0,1703504D 00 0.6570928D 01
0517055040700 =0745733280 01
s -0.45156323 01 Ce5005220C 01
=0.49156020 01  -0U,5C0$2200 01
T T 0436611670-0177 0,64 6773027°00
C 0,3681169J-01  =0,64€7780C 00
=00 75069400-01  =2,C€)C5J000 00
(

AVERAGE COST GF2 = (e 76603850 03

STEP SIZE INTERPULATIOMs NEw GAINS ARE

=042547031D702 7 =U,3IS975675D7Q1

"ABOVE " GATNS ARE BEST STEP FCR THIS ITTERATITN

GAIN TULERANCE ACHITVECL = IJTTUSTSTT

REQUIRED STOPPING TUOLERANCE = Ue J5CTVCT

SYSTEV EIGENVALUES
C =-9,17085042 QU Ge 65704280 01
=0,17085040 QC ~0465707%28C 01

=04491560207°01 J+57052200701

Figure 1 (continued)
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=0649156020 91 =0,57C¢5.290 04

O 0,36R11690~-01 Co64697LI0 00
2.36211690~-01 ~Ue64%974CL Ou
=0, 7%069400-31 "~ =C,CCCCCUCH OO — : ) T
f\ .
‘—————AVERAGE COST->— ==, 781038%5N Q3 =" - ST e mme—
C
e ECESSARY CONUI TIUNS "VEC TER> - -~
( =-0,25793130 92 ~-0s 33455040 02
C GRADIET MATRIX
016879540 92 Jel10G4.0680 01 VelD94668C 01 LelG261610 02

INVE2SE GRADIENT MATRIX
06 59464T7SD-01"" "~ =033%149Y38C-02=033%14938T~02"""""0,%52635737C-01

. Figure 'l (continued)




Contours

Equi Cost. V\-’z_—a-\ :4:.

Gain Trajectory
Produced by
Program

,'o_'_l‘f - - -~ ‘/ ,
l"".‘ - - .zp/# I/
~ - - - /
/nf./ﬂ(.. S - - - - ’,/

Figure 2 Expected Value of Cost as a
Function of Feedback GCains
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The example chosen illustrates & perhaps unexpected result, The
optimal feedback gains correspond to an unstable system. ‘This arises
from the finite control interval used. I{ simply shows that the cost
matrices F, Q and R stressed conservation of control energy at the
expense of tightness of control., If stablility is necessary then the
cost matrices must be chosen accordingly. This differs, of course, from
the case of a semi-infinite control interval, where stability of the

optimal system is assured.
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V. Conclusions

A computationsl algorithm has been derived to mechanize the theory
of optimal time-invariant output-feedback controllers presented in {3].
The new algorithm uses the techniques of numerical integration., It is
computationally much faster than the analytic algorithm presented in

[3]. This allows its economic use on systiems of higher order.
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éJOB 42%17 FORRIANGPAGESsLGuU  XKPuMIX
c PRIGRAM 1€.FT
RN vGnaiing TOETIAMNINTE NETINAL CUNSTANT GALY CUTPUT " FECURACK "CONTAOLLERS — =
c FCP FINHIE TIMES STATE wiuulATUa DUIRLEMS
C OLTPLTS AR, ASHL"bu TG 30 FlnsT .F aTATcS
¢ e e o - ame o mme b— —  — —ae oa . -
1 COMMCH YT 7)o MUY 710 RCUT ) yAHAT LT o 1) gTaK{ 7920030792V 0urAT(747),V0
1RAN(4, "’|G‘{A(‘l“"‘0)ov»ﬂ“0’lb(?v(’.f‘7 7) RUZ242)V e 1505007
2 COIMESSIY AP, 70,307, 0) —m=— T T e e ———
3 COMPLEXe Ll My ,°C
b LQUsLE “&ECISIJ‘ Aunr TeKyGyatiAT ,GF ,GF2, VH.VGAu) GRACI
% COVSLE PRECISINN T.YESYI ChITCP - e - —————
6 DOUSLE PxeC 1%L UN OV‘XL JAHS
7 DOUSLE #whECISIUN GF3,00a
- DOURLE PRECTISIUN Gt P, 2) i
9 10 FOMAT (4F1PRe7) .
10 11 FORMAT (64D16e/()

1T 1S POR%AT (TILITY

12 20 FORYMAT (1415)

13 25 FOUMAT (P10, T4,'STATES '.ax.occnrnan-.«x.'rsecw\cxs'.ax.nxu»1~s~)
=1 47T 307 CFOAIMAT (/T3 VINVERASE GRADIENT MATRIXY) - e —

15 35 FORMAT (/7/7T73,5vSTES MATRIL Ar)

16 40 FOIMAT (/7720 iFa GALNSY)

17 TH3 TUFORMAT (/7T I, CCATROGL MATRIX AY) ™ -
1¢ 50 FORMAT (/773,341 MATKIX?)
19 55 FORMAT (/7T 2,0 TERYIIAL TIME T =9 ,Fil.7)
20 BT T FORMAT (/77T T,,*SAIN"TOLER2CE ACHIEYEC e, F18. )
21 62 FORMAT (/7/7T3,VAVERASE CUST =20,020u61)
2e 65 FORMAT (/772,078 yal, CCST MATKIX FY)
- vy TOT " FORMAT U/ /T3y YRECUIRID STUPPLNG TTLERANCFE "= SFIRNTTI) -
24 75 FORMAT (/7/7T2,'STATE WEIGHTING MLTRIX Q)
25 80 FIAMAT (/77T330505TRUL WEIGHTING PATRIX RY)
26 BY FORMAT YL 'S YITERATICN NUM3ZRY 1)~
27 86 FORMAT (/7/7T3,0S5TEP STZT 15 HALVLLCe NZIW CAINS AREt)
28 87 FOKMAT (/77T3,0STEP SIZE 15 ulcUsleDe NEW GCALNS AREN)
29 B8 FOIMAT /7 T3, 3TN 'STZZ INTERPOLATICN, "iTW JAILS TARE )
30 89 FORMAT (//T24%a8CVE Hal 4§ Arke BEST STEP FOR THIS ITTIRATICH')
31 99 FORMAT (/7/773,05CLUTI0N 15 CUMPLETE. FULLCNIJG Lal id ARre CPTINAL')
3277771007 TREAD 11520V NI NC,NFyIGAINS ™ o R ’ ~
1 READ (1910) (AT 4d)gd=l gy NSYylalyNS)
34 REAU (1410) ((o(Ted)yd=u o NClyl=lyNS) .
35 ° READ (1,117 v-—= "~ -7m = wmemm oo - o
36 READ (1910) ((F(Dl,sd)yd=l NS)oI=1,HS) o
37 READ (1010) ({20l sd)ed=ly’iS)el=1lyNS)
38 TREAD 1L 1TY "R, IT o1y NCT o Tl NCY)
9 READ (1411) GASTCP «
40 WRITE (3,25)
L) THTITE (IVIS) SN IFRYICAINS -
42 WRITZ (3,35)
43 WRITZ (3910) ({A(T 4 eJd=1aNS)yls= 1045)
&4 “KRITE (3448)y —— ——= - s .
45 ARITE (3,100 ((B{ToJd)ed=lyNChyl=1,NS)
46 WRITE (3,55) T
TRTT T T THRITE (3,08 e
45 WRITZE (3,00) (0P {l4d)yd=lyliS)yl=1l,14S)
49 aRITE (3,75) .
TR T T WRITE (210Ut Y g IY s I =T NS T2y NS Y ‘ T e

sl WRITE (3,801
52 WRETE (3,100 ({(S(1,3d)9d=lyNChyl=1yNC)
3~ TTNEPIENFRL T T T T s e e s T e s e - I o

X




21

54 NFCasFoYyl
[~ 55 DO 1CCU sl NS
56 JO 1CCO J2l 4N,
it & A N @ B Y 4P o] v o -t
( LY 1000 Kil,y2)eda000
59 TELILALNS) 12504,1200,11000 7
— 63 TTTI100 KTAY {1,110 LUK IUT o J)Yydei JNCT sl NPy ™ " =7 = T T e T
s 61 1200 CO:TINUE
62 LD 1220 sl NS
TR TCTTTTTTTDO 1229 JaNFLIST T - T s ety T
( b6 SHATLL W) sC (1 ,4)
65 122) AHAT (Ll J)sa(],J)
B R & £ et ek el : - e
( 67 WRITE (3,9%) IT :
68 wWRITE (3,50)
89° WRITETI3HZI0T TR )y IsTNCY Ia ], TFY
( 1 DN 1229 1sl,AF
71 DO 1225 J=l AL
TTTTTTTZ25 Gl ) «KI{TY 7 - - = -
( 73 1230 CoNTINUL
14 CALL MATHAT (2,Q)
5T CALL STRAM B
( 76 1269 CALL FEFN(GF)
77 IREZR KDY ) :
78 TTTTTCALL INVERY({WGRAD,GRADT G RFUIY T
% 79 ARITE (3,30)
89 ARITE (3,11) (LCRAVI{LI4J)ed=l ) AFC) 1] ,4NFC) _
81 CALL " NEWRIY 7777 7 T .
¢ 82 WRITE (3,85) IT
83 WRITE (3,40)
B84 T3 4 AN R TP R A R 6 SRR LY BN PR KA T 1A
4 85 1280 vMu=l,
= 86 DO 1299 Isl,\F
87 DU Y290 =T NS ‘““
C. 88 1290 Glil,J1=G({!,4J)
89 ofF1=GF
907 VMUT#0, -
C 91 CALL MATHAT(A,Q)
92 CALL STRAM
93 CACUGAINZIGFIYT
C 94 IF(GF=GF245TeueCCOY) GO TC 1340
95 IHALF=] _
T TR e T T I31Y0TGF325F 2T - -
C 97 IHALF=IHALF ¢}
98 IFIIHALFLGTeS) G2 TO 1539
97 wRITZTI3486 "7 -
C 100 YMUEVMU/2,
101 00 1320 I=1,AF .
T02 D0 1320 YT 3R - - .
¢ 103 1320 GUI o) =(K{1 414G 4J))eded
) 104 WRITE (3,11 ({311,430 0d=lyNC)yI=l,4F)
105 CALL MATHAT{A,QY -~ —"—~ ~
( 106 CALL STRAM
107 CALL GAIYN2(CF2) R
108 " T TTTIFIGF2-0F ¢ B TW o TGO TC 1310 - —
( 109 GO T3 1500
110 138w CUSTINL:E
S © b S 1 8 i R G T |
C 112 U0 1390 T=l,AF
113 DO 1390 J=1 N,

T IT4AT T TTI39D ST s e Y )-KITJT N -

- -

Ve
4




11% WRITE (3511 ) LUSULed)edelgNC)ylsl, i)
11e CALL MATHAT (A,Q)
117 CALL $T=AM
mememeesssm11ET T T CALL Gl CRSYT s T e s m———e e .
119 IFIGPI-SF2,0T,704000) LO 1L 1599
120 VMYl sy
e R YT T T WM E D, B MY T T S i s e o
122 GFlsGF2
123 GF2s+(l )
——r—— 1A T GO T3 1B e i e i - s 4 e -

Iaaiatteantll & Skl

125 1500 vMuRsvhy
126 VVU3sd, syMy

128 1510 ¥QuUAD=KUAD ]

. —— Knuaa’x‘ - e, S A s s R ——— = At S A ——— e

A At bl 2 B+ e S e .

- ———— - PO . $ =

129 JRARSLAD=ILCT,9) GC 1O 18Ul
mm————— 1 Y DIMUSYAU =W = & T e e e e - .
131 D2%MysVulI=YML,
132 JUGF[aGF2-GF )
—1 VOF2 8GR I=OF - —omomreme o o - . T -
13« D3MU=5¢ (D2VL o 024UeDGFL-CLYUSDLIHUSHIGFR)/IDGF L C2MU-NGF2oIMY)
135 VMUaey”( ]+ ) 2N
136 =1FLASSIDIVU-CiMUY LT eDaVUL) "GC TC 1RO~ -~ T I
137 WRITE (3,88)
138 DO 1520 1=} oNi
139" PO 1%2] "Ju] SN e T s - Tmees
140 1520 GUlyJlsvMUG el ([yJ)e{la-vMUG)ok(],d)
141 WRITE (3411 (U050 ad)ydmsloyinC)yl=lyiF)
1%2 TALL MATHAT (8, Q) ~r i oms mmsems o - T
143 CALL STRAM
144 CALL GAIN2(CFay
143 TFLO3I¥U,STLCI¥IJ1"5C TO1600—
146 TFIGFa,GT6e5F2) GO TO 1959
147 GF3=GF2
148 =y MU I VU T
149 GF2=GF4
159 VMU2 =vMU4

T A% T

153 VMUl =vMU4
138%™ SO0-TC 1510 - -
155 1600 IF(GF4 GToGF2) GC TN 16590
156 GFls=5F2
T1ST T T ML YU - -
158 GF2=GF4
159 VMU2=VMUG
1%0 "7 =G0 TC 13510 -
161 1659 GF3zGF4
162 VMU3=yMU4
1637~ GO TC "1%10°
164 1800 DO 181U I=l 4Ar
165 00 1810 J=1 NS
T IBLO ST s VNUD S, Uy -y MU T e TS -
167 wlTZ (3,88)
168 WRITE(IW11) (US4 d)pd=loNC)yl=1ytiF)
TUIBTTT T URARITE (2, e T T T s e e - .
170 TE3T12J.000
171 DO 2°2C) I=l,hir
CmmT e LT T T U0 23C0T s NG T -
173 IF (G{14J)+8C,0000) GG TU 1909
174 TEST=0a0S0( (1 d)=k{1,3))75([,41))
- LTS TR T U TESTIEoMAXYLETLST, TLSTLY S oo — T T T e T

“GOTTC 1510 T -
152 1552 GFl=CF4




e3

176 60 T1C 2C0d
177 1900 IF(GLIsJ)=K{l,4d1aCCa0a%09) GC TO 2009
178 TESTLa, C0U, 00 STCP
TTTETTTITNG T UT2000 KW a5,y T -
180 wRITE (3,69 T1EST]
181 WRITD (3,791 STOP
TTIBZTT T T O IFITEAT I -G ST LR GTL 0,002 GUTTD 1230 T T ————
183 WRITE (3,9))
184 WRITZ (3,100 ((CUToJd)odm]lyC)ylz)yNF)
TTTTTTTTUIBY 7T OWRTITE 3,62V °3F2 T T T -
186 GO TC 5000

187 800J CO4TINUE
TTBE 779000 COTINUDT - - -

———.

189 sStTLP
190 ENO
191 SUBRDUTINE NMATHATIA,Q)
c
| o COMPUTES "FATRICES AHAT ANC QHAT he
c
192 COMMTH MUT o T oM LT7 0T )R AT) g aHATLT 7)o ToKUT42)350T792)2CHLTUT4,7),VC
TARADT 4y ) yCRACTIA G o VR LAYy BT T2V FUT T Y RUZ2y 2T NS WCyHF e o
193 DIMENSTION AULT7,7)4CUT7)
194 COMPLEX®16 MyM] ,RC )
1585 TTTDOUILTE PRECIEIIN AHAT T, Ky By CRAT Y CFyCFZ, VR VCRAD T CIALT
196 DO 1CO I=1,AS
197 0N 1CO J=1,ANF
1987 TAHAY (TSI EA T T -
199 QHATI( Iy d)=C (1,J)
200 DO 120 Hls=l N ’
201 TARATTT JIT= 2R STIAT T IV =BIT W NIT*GIIZND) - -
202 . DO 100 *i2=1 4No
203 100 QAHATII 4 J)=CHAT( [, J)¢G(I A1) eR{INL N2Y#GII4N2)
20% RETURN T
205 END
T T 206 T T RUBROUTTINE TTRAM T Tt
¢
c COMPUTES THZ STATE TRANSITIOMN MATRIX
T ol = —
207 COMACN MUToT)oMIUT T aRCUT) yALAT (T 07 9T oKUZ 02450 T92) 41311 7,7),VG
LRAU(IG 4 ) 95214 4 o VAla) g8l T o) s FETeT) e RI2,2),08S4CeNF
208 TTOTHENSICT AZALCAY g XRIT) GRILT) s ASCRAIT 7Y W ASO 2L Ty TV W AT ITXITTI Yy —
1 VRIT) o VI T LANGl ) g ROWLT 92y VR T VI Yyl ly4)
209 COMPLEX®1O M,n] ,C
210 COMOPLEXsT&6™ TCH-PUX,CCCIIU
211 DOULLE PRECHISIIN AMAT ¢ TyKy G CHAT 4GF ,GF2,VW,V5KAD,GRAD!
212 DAUSLE PRECISIIA AANA YRR ZRIHASURKVASL29 XR X[ s VRpV Iy VRNV IVew,y VECMGR
- Ir—— T T T Y VECMS T VECNGS WL T T T T
213 10 FORMAT (2D1¢. 1)
214 30 FORMAT (//7T7T3,'SYSTEM EIGENVALUES?)
IS T T T CALL VECTUAMAT, Z2AA0ST
216 CALL HSUS (S ,4444,A8)
217 CALL ATEISGINS V2AA,RR,I ,1ANA,NS)
T T IR T T T T WMRITE T3 3y T T e -
219 WRITE (3,19) (RRII)LRI(ID),yI=14NS)
220 CALL MSG(AHAT, iSyASQR)
221 NE[G=Q ~ T
222 59 CCHTINUE
2213 DY 1CJ I=]l,A\S

22% RCIDI=0CHPLITRTINSPIATNIT




2k

217"

225 DO 1CU Jsl  AS
226 100 ASY201,d)=A¢ {1, J)
227 CALL EBlLvIL L3, ‘“AT'ASM(.WOlKChIX(!‘, VR, VI.R?(II.RI(ID.NS'JS 0,
ARt Sl SAl P ITER Uk Q) "7~ = T s e e o -
228 NEIG=, 201 ]
229 FREZ10eST,3) 30 TC 1uS
e e RO T T T TR LITENLLY, 1) TS I {9y T e e - Ry
’ 231 CALL RAYL"\”&‘.RR‘I,"(x"L"XR'X"VR'V"NS'NS’
232 GO T3 50
233 108 —CoONTINUrS - -
234 VECMIR=0G,J0C
235 VELMG 120,000
honteeneesenndl & ¥ . Mndatiantemaiingt 0 ) 0 JED & B¢ 2N B3 SP I Jhthstn it =
237 VEVNPRrv"VGﬂtvxtl)oxR(I) vi(l)Yexi (1)
238 110 v: “”itv CversvR{)ex] (L)sVI{L)oxXR{T)
239 T TS VELM LEVLMOROVECKERIVECAN ST #VECNG] -
24V 00 120 [=1,AS
241 vaitlzztve(l)ov ECMGavI(I)ovilMGI )/ VECMGS
————— AT T Y I L) 2V (1Y R VEC MR SYR [ SRV IC¥CL ) /VECMTS
243 MUEo L) =0CHMPLXIXREL) o xI (1))
244 120 MI{L 1) zulvPLALVRNITD) pVINCTY)
mem————— S T = 0 100Y ROUNTEZ LGNS T — - - T
246 KQUUTL=KOUNT~,
247 TFIRAMKOULNT I=kRIKOLUTL)) 220,140,220
Y Bl ¥ 3¢ 2t of o I i B O A Pl T =
249 DO 150 I=1 NS
259 MUT o KIULITY=CC O EJSINMT  KOULNTL))
251 1SS0 MITRCUNT, 11 2D OIS IMTIROUNT I s
252 GO TG 100¢C
253 200 DO 210 I=1,KS
2894 T TTTTDOTT2107 Ty NS -
255 210 ASGR(1yJ)=ASCctIvY)
256 CALL EIGVEC L3y AHAT JASCR gy IMCW o XR ¢ XT o VR Y VI JRR{KIUNT ) yRI(KOUNT ) S
1 T UNDSYCy :)"V\IQIT“R DIFT2) —
257 VECMGR=U40DC
258 VEIMGI=0,0DC
TR5ITTTTTTDOTZ220 11, A8 - *
269 VEZHIKEVEINMGReVRIL) o XR(I)=VI(])ex](])
261 220 VECMSI=VECMOI¢VR{T)eXI(I)evIlI)exr(])
2682 TVECMES=VECKCIaYSCMOREVECNUIRVECMGT — -
263 D0 230 I=1,NS
264 VRILI) = {VR{[)avElMGrevI{])evECMGI)I/VECMGS
265 VI = (YT 1)Y#VCCMSR-VR{TISVECYGCT) /VECHGS — * -
266 MU KIUNT) =CCoPLX{ AR (I ol (1))
267 230 HI(KCUJT.l =CUMPLXIVERNIT ) o VINLT))
268 T "T1000 CCHTINUET— T T - -
269 RETURY
270 ENJ ~
271 SUSRCUTIIE FErNI(IGF)
272 COMMENS MUTaTY VB T3 7) 3 RCUT) GAHATL T v 7)o ToK{?,2)35(T32)0QHAT(7,7),V6
— IRACI4,41,0R20CI14,4) yVALGI 3B LT 42)2F LTy Ty RIZT,SITUISH NG NF
273 COMPLEX®L6 Myo] WRC,CUEXP
274 COMPLEX®16 SX5(7+6)
275 TONUBLE FRECISION AHAT, T,K,0,CHAT,CF,0F2,V,VCRATIZCRADI, “‘
1 FES T o700 yDF LU0l 0202082 UPFES(TeT020c0 202480 FFTILT,7),
2 WRK(2¢4,y2 ).nxK1(7.7),Ferl(7 7.2. )."Hn<(7 Tob)ynhV3(7,7, e)
3T LWRKAL?,T) Cmm T : -
276 DAUSLE PRECICSINI FIQTUT4T)WyFEBLF(T47) CFStiLF(T9749292)

1 DIMFELT 3T 92921081 2)9C2%FE(T4792020202)
‘s CALL TRAPS(C,uy10CCUD, 9,00 — — -




N
w

10 FONMLY (/71 <, 1CCESSARY CUNUITIUNS VLCTCRY)
20 FUMAT(4D] A, l)
3o FORAATUIZ/T A, 0RACTIEST MATRIXY)

CFINAAT(//7 13, LVERAGE ChoT =9 ,D2067)

e

1

( 282 MFS=NF el
281} 00 1Cu I=1,NS
TR TTTTTTTITTIOD T8 P Tel , 6 TTTTTTTS T v e e e o e e e
¢ 285 100 EX3{IWKT)=C Lo P(RCII)eToKT/8,UD0U)
286 DO 2C0Q [=] 08
287 TTTTDO 203 )=l gNETTT - -
p 288 FEQTR(1,))=CeJdC
2849 FEALFIT 4 J) =2Cau0
TTTTTTITR2R0 TTTTTT D0 158 alel JAN3T T T - - ) T
( 291 FEOQTrA Ty ) aFrs TRIT D e MU N1 M (L D) eCCEXPIRCUNLI®T/IZL,0U)
292 190 F’NLF(I.J)zfrnLF(l~J)0”(l,il)'“l(.loJ)'CC'(P(RL(Jl)'T/lt.“UO)
293 DO 2C0 KTl 87" 77— =7~ e TTm mmeTmmT o e
f 294 FEE(L4J,y KT)tu.ODO
295 NN 2C0 11 =1 (A3
T TR T T T 2007 FESUL WG KT PTG IVKT VAN TTONDY BN L OV T SFX NN T KT - T
¢ 297 DO 3C) Kl=1 ,NF
298 DD 3C0 K2=1 ,A0
299 07300 T=1GANS - Tt
( 300 00 300 J=14NS
301 DFZHLF I T 9 J 9y KY,K21=20,000
T 302 7T TTOFEE L WKL W R 1 =3,000T T -
( 303 0O 3C0 Nl=1,As
304 OFEHLF (T oK1y K2)=2O0FRHLF (] g J oK1 K2)=FECTREFGNLI®BINY K2 )aFT CTR(KI.J)
- “‘TJ)or/m 000'““"““ T T T e s T T e )
( 305 300 DFZEII2JvAL oKy 1) =0FEELL ¢doR1 o KZpl)=FEHLFITI NL)®#B( 41 ,K2)8FSHLF(X1,yJ)#T/8
1J)-r/n.uao
30867 TTTTTIDODT4C0 KT=248
C 307 KTl=KT=-1
' 308 GO 4C9 Kl=1,AF
307 DO74T0 K2=15,A0 -
C 310 00 400 I=1,AS ’
31 DO 420 J=1,AS -
312 TTTDFETIIVY Kl WK KTV 23,000 : T
( 313 00 4C0 Hl=1,\$S
314 400 DFEE(T s J2 K1 M2y KT)I=DFEE(TyJ,yX1, KZ.KT)#FEC(I.hlol)OUF&E(N;.J Kl .K2,KTL)
TARTIVDFEZ (T VNI YKL yK2Z3 TV »FEEINL Y JRKTL) T T
( 315 00 5C0 Kl=1 \F
316 00 580 K2=1 A0
. 317 TTTTDGT5C0 K3=1 ,AF v - -
( 318 DN 5250 Ké=1 N,
319 DO 5CO I=1,AS8
32) DO 50 J=1, K
( 321 DIMFE(TL 4y JyK 102 9yK3,K4)=0,904
322 D2MFE(T g J 9y K19n2 yK3,4K4) =0, 000
T2 T DO RSN Nl =1\ T T
( 324 OLMFE( L ) Uy K19K29K3, K@) =DLMFE(] ) J )KL 1K2,K3,K4)~
1 FEHLF (L 1) o3 (N1 gy K2)elFchLF{KLlyJoK3,KA)aT/3,000
325 T RS0 T DRMFIHTI v S K1 g 2 W K3 W KA = U2MFE Ty K1 K24 KT3Ks )= 77
( 1 FEHLF (T 1) o3 (il yKe)aZFENLF (K330 Kl yX2)aT/5,40090
' 326 500 D2FscllovJeKion2 K3 9KG,1)=ulMrE(]l,,Jdykl, KZ.K3 K«)fuZ*F:(l.J.Kl K29K3
YoKyy—— T T e e -
( 327 00 600 KT=2,8
' 328 KTl=xT=~]
329 DU 833 XIZ=TL,RF =
C 330 00 6lu K2=1,N.
331 U0 5CJ K3s] yAr
T T332 T 007637 Ka=l 4AS Tt - - Tt T
(



n

(
333 DO 6C9 I=1,NS
O 334 DO o0 J=1,AS
335 Q2F I 1 sJ s Kl yn2 ¢K3IyKb, KT)*'.) CDO
T e—————T 36T 00 '“9 N1zl Ay & 0 e T T———— T S T T S e
( 337 600 J2FZE{]1,4Jd, K;.A.’.K3 Ko g KT 1al2rcillodenl ol 2K Iy Ka,KT )¢
1 FEZ(L 4N .pl’”?FC:(wllJp'viZ,&'\ Fa v T e IMb (1 i KLy XK2,%3,%
LAY ROFEE UL W i3 A G KTLIALZPEELT )N Ry M2, K3, KAI Ul N] g Jo R e K2, KT Y)Y ™"
{ 11
338 CALL SIMPRO(F. ,ch-cFFTlvT NS)
339 06201 2] Gy NS C T — -
! 340 620 FFRFTI(L ) =erfT il y1)eT/24,4320
341 DO 7C0 Kl=1 ,Ar
e BRI DY TCO0 K22l N T T e e — - T———
( 343 U0 650 I=1,AS
344 DO 650 J=1,NS
349 bl 010 I08-3-3% ut 4 1D WS Sbuthaiaens s——
( 346 650 ARKUT g JyFT) 2l B8 (L g Joe K] g K2yKT)
. 347 CALL SIMPRI(F. Z9wRAKyniKL T yN3)
348 =00 TTI1el NS "o -
( 349 DU 7C0 J=1,4ANS
350 700 FOFTI(IsJdyKlypan2)=nRK1UT,J)
e g T GF e 0,000 T s T e e - -
C 352 00 1C00 Nl=1,48
353 DO 1€C00 H2=1, S :
A4 COF=CF#QHAT (N, I2Y#FFTIINZ,NIT
(' 3155 U0 1C0J N3=1,.§
356 1000 GF=CF+F ("1 yN2)eFEE (12, 43 8)eFEEINL N3, 3)
e 3 ¥ Sen—tiaa ¢ S 2 A | Sebtiaiet -
(. 358 WRITC(3462) GF
359 00 21C0 I=1 4N»¢
369 “DUT21030 J=17,NC -
¢ 361 FH=NFe(d=1) ¢1
362 Vh(IN)=0,00C
TSI T T 00721030 *il=1371S
C 364 DN 22C0 %2=1,4.98
365 YR =Ynl I N e JHAT LI, 'JZ)'FOFY’“\Z,NIN'J)
- B 1-1: DR £ o4 oks o RS I T-le SARPRY o e -
C 367 2000 VWIINI=VALINI4F(NL N2) #FCEINZ o N3 s8I *DFEEINLI N3 T 3Jy8)
368 00 2100 la=1,
3569 ZI00 VRIT D =JUITIAI4 I NG ) eK(NL yNLYRFFTIINIVIY -
( 370 WRITE(3,10)
371 WRITZ(3,20) (/dll)I=1yNFC) .
T TR T J0 T35C0 I =1TGNT - T
( 373 00 3580 J=1,N.
374 00 3CJoU "il=1,.8
375 DOT3CCT N2 =178
( 376 00 3CCJ KT=1,0
377 3000 WRRIANLHZyKTY=DFZE{tIly 129 4Jd4KT)
378 TToIN=NFE{J-l) 4] T
C 379 D0 3500 Kl=1,«F
380 JO 353C) XK2=1,.C
381 T 1DENFE (K251 eRY -
¢ 382 VORAD(T 4 T0 )= JgyK2)8FFTI(KLy])
383 DG 3139 N1l=1,41S
384 TTDJ 3137 I2=13TiST T Tt
( 385 U0 31092 KT=1,.,
386 WRK2(NLy 12, KT )=CFIE(NL »vZpK1 K2 ,KT)
3BT 3100 WRK Iy N2 ¥ T)=N2FEE (LY N2 4l Jy K1 K25 KTy e s e e T
( 338 CALL SIN2ROIAK29a e n3KiyTHNS)
389 CALL SIMPRO(F_SywxK3ynRK4,THAN3)
39— "= 00 35073 Nl=2y,s— — T~ ot
{
. '




Lot

3 00 3200 NO=1,4S
39?2 YORADUI Ny D =vORADUINYy U CHATINL ¢ 12 ) #iwAKL{N2oN1 ) enRKA(N2,HL))
393 00 32C) "1321,.5

394 7T 3200 VAN I Y 2 RAD T vy TOY e FUNL 2 W {EFSTIN?, 43,41 K2 B LFECTNT,NY ~ 7"
Lolod o d a0 3 UNZo b330 002FCE vl a NS oRk1oK2y10J08))
39% D0 3920 sl G
TTTTTTTTTTIOE T TTTASOD OVOULGL LT T S AT I e RUKY A el LN NG e LFSTTIUIY R LW TG JYHFOFT T T
LIGKL g AL ol o d ) e (D)) e XKIAL gva) o LFOFTIUINLy oKL K2V4FIFTI (L otil oK1l o K2

2))
397 WRITS 3,30 —— " - T -
398 WRITEL3,20) ((vRA0LT 43} 4dsl W NFC)y Il HFC)
399 RETuURv
e —— ) T S E N T e e — . — -
401 SUSRULTINE GALI21GF2)

- 02— 7 COMACY VIT47) YT T w71y RCUT Y ARATIT T ) T o XU T )0 Sl T 2V GFATTT, T3 VG
FRA0(wya ) g SRACT LG ) gVl ey BT o2 g FITyT 02,2005, IC,NF

403 DOUBLE PRECISIUY AUAT  ToKyGypirtal 9GF o GF2, Vi ViRAT3GRADT
T R0ATT TTTTTTDOUBLE PRECISIAON FEZUT T 8) W FFTIIT, 7Y T TS

405 CO4PLEX®LE Vyl-] (RC,CUEKP

4006 CavPLEXelb £X5(7,8)

507 82 TTUFORNATIZ/T3 Y AVERAGE CCST GFZ2 ™ =7,020,77 ™

403 00 187 I=14AS

409 DO 1CY KT=1,3 :

QIO T TTI00T EXI VKTV =CTEAPIRCIT ) #TeKT/3,300]

411 un 2C0 1I=14NS

412 N0 220 J=1yNS

413 DO 20 °KT=1,3

414 FEE(TyJyKT)=0,0C0

415 00 2C0 Nl=1,AS

416 200 T T FEETL I RT T SFZe (T JyKTTWVIT W NLT o TIRNT ) OELTITNTVRT Y

417 CALL SIMPRO(F £ FEE9yFFTL 9T oN3)

418 DO 210 I=1,M8
T ALY TTTTRI0TTFFTUI LV EFFEYTUTL IR T724500T

420 GF2=Ceuu

421 DO 1CCy il=1,.5

422 DO TICCI 2=, .57 '—" —'

423 GF2=nT2¢QHATL (1l 4N2I#FFTI (N2 yN1)

424 DO 1C00 N3=1,.S

425 T T IO GF2=GF24FINTy 2 VoFEETN2IYNI y3 ) eFrECTLyN37TT -

426 GF2=GF2/NS

427 nRITZ(3462) GF2
T TTR23TTTT T TURETURN T B . -

429 END

430 SUSBRTUTTTE "SI7n T8y 3vaABy Ty ]

431 DOUSLE PRECISION A(7,7,8),8(07,7,3)0ARB{IT,7),T

432 DO 103 1I=21,\

£33 TTTTI0TTCOTIELGN -

434 AB(L,J}=0s3C3

435 D0 1CO Hl=1,A

435" 100 ABII U =AT (T, 0+ TS IN D e AT yNT Y IV o B { Iy NI ITFATI T, 3) e U, LTI T AT
LU adi o) aB U N 0S40 0ol o7) s (deMNiyT)Y) 42,0000 [y ilyl)ws(JyNiley2)4
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