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ABSTRACT

The dynamics and attitude and shape control of a large thin flexible
square platform in orbit are studied. Attitude and shape control is assumed
to result from actuators placed perpendicular to the main surface and one
edge and their effect on the rigid body and elastic modes is modelled to
first order. The equations ¢ motion are linearized about three different
naminal oriente:ions: (1) the platform following the local vertical with
its major surface perpendicular to the orbital plane; (2) the platform
following the local horizontal with its major surface normal to the local
vertical; and (3) the platform following the local vertical with its major
surface perpendicular to the orbit normal. The stability of the uncontrolled
system is investigated analytically. Once controllability is established
for a set of actuator locations, control law development is based on de-
coupling, pole placement, and linear optimal control theory. Frequencies
and elastic modal shape functions are obtained using a finite element 1
camputer algorithm and two different approximate analytical methods and
the results of the three methods compared.
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I. INTRODUCTION

The present grant represents & continuation of the effort attempted
in the previous grant years (May 1977 ~ May 1979) and reported in Refs.
1 - 4%, Attitude control techniques for the pointing and stabilization
of very large, inherently flexible spacecraft systems are being investi-
gated in this research. TFirst the attitude dynamics and control of a
long, hamogeneous flexible beam whose center of mass is assumed to

follow a circular orbit have been treated 1’2.

In the initial phase,
first-order effects of gravity-gradient were included, whereas external
perturbations and related orbital station keeping maneuvers were ignored.
Three mathematical models describing the system's rotations and deflec-
tions within the orbital plane have been developed--one model, which
treats the beam as a number of discretized mass particles connected by

1 2,3

massless links The natural (uncon-

, and two continuum-type models.
trolled) dynamics of this system have been simulated. The concept of

distributed modal contpoll, which provides a means for controlling a

particular system mode independently of all other modes, has been examined,
along with other types of control laws including an application of optimal
control theory and the use of decoupling techniques.3 The effect of
varying the number of modes in our model as well as the number and location
of control devices has been examined, analytically, where possible, and

numerically for general cases. 3

*For references cited in this report please see list of references ater
each chapter.
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Towards the end of the second grant year the three dimensional
model of a free-free plate in orbit was developed and a limited num-
ber of computer simulations of the uncuntrolled dynamics in response
to initial perturbations about a specific equilibrium orientation were
per*fc:z'med.u Frequency values associated with the basic structural modes
of a square plate were obtained from energy considerations based on

approximate expressions developed by Warburton. 5 It was suggested at

the final oral grant presentation that a comparison with results obtained
using finite element methods and/or other analytical approaches should be
examined to guarantee accuracy, particularly for higher order modes.

With this background and in accordance with our proposal to NASA
dated January 25, 19795, a plan of study was developed and has been cx-
tended to include the current grant year as outlined in Table I. The
items indicated by a check mark have been completed by the end of the
third grant year while those indicated hy "IP" are currently in progress.

In this pa~t of the 1978~80 final report (Part A) the control of an
orbiting square shaped platform based on the continuum model of Ref. 2
with point actuators taken at selected locations on the platform surfaces
is examined . A paper to be presented at the following conference forms the
basis of Chapter II:

1980 ATAA/AAS Astrodynamics Conference, Danvers, Mass.,

Aug. 11-13, 1980 (only the contributions by A.S.S.R. Reddy,

P.M, Bainum, and R. Krishna are included here).

In Chapter III the results of two approximate analytical methods for
predicting modal frequencies and modal shape functions are caompared with
the results obtained using a finite element computer algorithm using the

homogeneous plate as an example.
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‘[ABLE I - STUDY PLAN 1977-1980

1. MODEL DEVELOPMENT

v A. Development of General Form of 3-Dimensicnal Equations for
A Flexible Structure - Given the Modal Shape Functions

v B. Development of 3-Dimensional Equations of a Thin Homogenous
I'ree-free Beam

v (1). The Case of No Longitudinal Vibraticns: i.e. of‘"’= 0
v (2). The Case of No Yaw: i.e. ¥ =0

C. Determination of Modal Shape Functions and Frequencies for
Different Structural Models

J (1). Circular Homogencus Menbrane

v (2). Rectangular Homogenous Merbrane

\/ (3). Rectangular Homogenous Plate (and Square Plate)
vV (4). CircularHomogenous Plate

v/ (5). Shallow Spherical Shell Structure

D. Implerantation of One or More of the Structural Models for
Digital Simulation

v (1). Rectangular Homogenous Plate

v/ (2). Thin-Homogenous Beam with Stabilizing Dumbbell (Local
Horizontal Orientation)

(3). Square Plate with Stabilizing Dumbbell (Local
Horizontal Orientation)

\/ (4). Shallow Spherical Shell Structure with Stabilizing
Durbbell

\/ (5). Circular Homogenous Plate with Stabilizing Dumbbell
IP E. Provide Equations in a Form Suitable for Control Implementation
vV - Items completed |
IP -~ Items in progress

‘{J TR IS
QUALITY

T I PP



2. CONTROL CONCEPTS - LARGE FLEXIBLE SPACE STRUCTURES

v (1). Concentrated on continuum mdel of large flexidle beam
in orbit (Santini and Howard University Formulation)

v (2). Modelled control devices as point actuators at specific
locations alcng the beam 5

(3). Modelling of control devices as point or distributed
actuators for other large flexible systems

/(&) _Rectangular Homogencus Plate
(b) Circular Homogenous Plate
(c) Shallow Spherical Shell Structure
B. Control Concepts:

v (1). ¥%.1al Control - considered with discretized beam model
cuing 1977-78

For independent control of all modes (N) retained in the ’
model, the number of actuators (P) st be equal to N(P=N) «

v (2). Establish relationship between P and N i -
controllability ui:unem:s (applicatiens of thacm |

r d.evelcpedbyBaJ.as)PcanbelesstmnN. (Applied to g
continuum beam model 1978-79).

v (3). Selection of control system gains - considers both position
and rate feedback. (Applied to continuum beam model 1978-79)

|

| |

' A. Model Development “
3

|

|

v a. Develop criteria for complete decoupling of linearized
controlled equations using the fundamental theorem of
a system of N linear equations and P unknowns

For unique solution of gains, P=N consistent with modal
control; for non unique soluticn P<N

/ b. Application of linear regulator problem to the original
linearized and/or transformed equations

H

(4) Application of control concepts to more complex Struchures
IP C. Modelling of Sensors-the Problem of Observability

D. Treatment of Observation and Control Spillover
v Items completed "I
I® Items in progress |

I-t
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References are given separately for each chapter; symbols used
in Chapter II are defined either in the text or in Appendix A of
Chapter II, while symbols used in Chapter III are defined in the text
where used.

Chapter IV describes general conclusions together with recommendations
for future work.

Part B of this report, under separate cover, concentrates on the
mathematical modelling and analysis of more complex structures such as
beams and plates with connected gimballed dumbbells to provide gravita=-
tional stability about the local horizontal orientation, and also tl

analysis of the dynamics of a shallow shell-type structure in orbit.
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II. CONTROL OF_A LARGE FLEXIFLE PLATE IN .ORBIT

dpetract

The dynamics and attitude end sbape control
of s largs thin {lexidbls plasfora in orbit are
studiad, Attitude and shape control is assumed ¢o
result fyom sctuators placed perpendicular to the
sain surface and one edgs and thair effect on the
tigid body snd elastic modes is modelled to first
ordax. The equations of motion ars linsarised
about nominal orientations vhers the undeformed
plate follows eithar the local vertical or local
borizsontal. The stabilicy of the uncontrolled
systam is invescigated snalytically. Once con-
trollabiliry is established for a set of actuator
locations, control law developmant 1is based on
pole placemant, decoupling, and linsar optimal
control thaory.

1. Iacroduccion

Lsrge, flexidble spacecraft systams have been
proposed for future applications in widespread
commmications, electronic orbitally based mail
systems, and as possidble collectors of sclar
energy for Enn-.t:al to eartb=based recsiving
stations.l+*¢ FYor such missions the size of the
orbiting systum msy de several timas larger than
that of the eartb-based recsiving station(s), and
both orientation and shape control of the orbiting
system vill be required.

In ovder to gain insight into the dynamics
of surh a large f{laxible systeas the equations
of motizu of & lng. flaxible free-free bDasa in
orbic wers developed3 using & slightly modified
version of ths general forwlation of the dynamics
e! a nnznl flextble orditing body forsmlated by

This specific exampls considered only

:ha uplno rotations and deformations of the un~
controlled basm and demonstrated the possibility
of instabilit, for very small valuss of the ratio
of ths fundassntal flexural frmquancy to the orbit
sagular velosity. Iwo ralated papers treated ths
sodelling of point actustors located at specific
points along the 7ith the associated criteria
for controllability” and also the problem of se-
lecting contrel lav feedback gains basced on de-
coupling techniques and application of ths linear
regulacor problem.® Also included wers numerical
results showing tbe affects of control spillover
on the uncontrolled sodes vhen the number of con-
trollers 45 less tban the number of modes in the
model, and the effects of inaccurate kmow) dge of

URIGINAL PAGE Is
POOR QuaLITY

:h-m 1allmneo¢£$=w:svmbludu
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considared in Rafs. 3,5, and 6 is extended to thres
dimsnsiocns by developing the of motion
for a lsrge flaxible vectangular plate (platform)
in orbit. Thase equations includa three rigid body
equations plus the gensric mods alastic equations.

2 _Model Developwest

In the present paper thres different sominal
orientations of tShs platfors in orbit are assumed
about which sttituds and shape coucrol are to be
achisved. Thess ara:

Case (1) the placfora following ths local ver~
tical with its larger surfacs perpsn~
dicular co tha plans of the orbit
(Pig. 1a);

Case (11) ths piacform following the local horie
sontal with its larger surface aras
oormal £o ths local vertical (Pig. 1b):;

Case (114) the placform following the local ver~
tical with its larger surface perpen~
diculsr to the orbit normal (Pig lc).

" Prom ths gensral formulacion of Rafs. 3 and 4,
the equations of motion of ths structurs are ob~
tained:

A. DRotational Rquations of Motiom:

. Gy ? ¢
vy = _’rl«w #—Z*i#.l 1)

Using Euler sngles to represent rigid body oriem~
tations relative to the local vartical (horizoncal)
system, the transformation from Euler angular rates
to body rates is given by:

ug = ¥+ () sine

vy (84w )cosecosy + $siny (2)
w, * 3:0” - (5'0\“) sinvcose

(Rote: Symbols used are defined in Appendix 4.)
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Gl.. “l.,. GI.. Tepresent the grasvity-gradient
torques about the principal undeformsed body axes
and can be evaluated as:

G2y = 32(1,-1,) (~evaectravce) (svssctseyat)
Cry o 302(1,-1,) (svaecorcyss)cocs
Gl' - &ni(!,-x’) (=cesece+swst)coce

3

vhere 8( ) » sin( ) snd c( ) = cos( ).
B. Generic Mode Equations

.The genaric modal egquations may be obtained
for each of the rhree nominasl orientatioms ¢ %
sidered in terms of the modal smplituds (Ap)5°

For Case (& ]
& ¢ Loi-znd)d Ja o g (ea)
where
N, u§ [3(s2982ec2o+ciys?or2ovniécicyst)=1]
Por Case (44
A+ ["3"“‘%‘"3"“:3 A e r /M (4b)
whi-- e
M, wg [3c26c2¢-1)
For s (144
;r + (ug-(widwi)-!!”] A, = % (4c)
vhere
M - o [3(c2vseciovaiysio-2cvaenyst)-1]

C. ldinearization

With the assumption of small amplitudes, the ro-
tational equations of motion given by Bq. (1) be-

come:
- " . 11 -1 T ¢
Ve ot [ Lol el] ol (Ll)ysSe2
c

1: ¢ Ix x’ 18
- I-1 I_-1 T c
- S 2 (Dt -

) wcw t-T;zﬁ'l] “ﬂc (¢ I’ )¢ 4*54'1: (5)

- I =1 T C
8.3 ( ’x"“’i"*i"
y Yy y

For the present analysis, the platform is assumed
to be squars, thin and homogenecus, such that ths
following reslationships among the principal moments
of inertis are valid:

Case (i): 1= Iy and I = 21: - zzy
Case (1%): Iy- Iz and Ix - ZIy - 21, (6)

Cass (i44): 1,= 1, and I = ZIg - 213

y

For smell amplitude angles the generic mode equa~

tions becoms:

Case (1): ‘r"‘%‘r - E/M -
. 22,2

Case (i1): A +(wi=3ul)A = Er/H’

Case (110)3 A H(6d=vd)a = E /M
D. DModslling of Point Actuators

Tor an actuator which can gensrate a force of
the type

fe !xtﬂyjﬂ:k (8)

and placel at 3 location (x,y,z), ths resultant cop-
trol torque is givea by

Te Rt 9)

wvhere R ® xi+yj+zk descridbas the position of the
actustor on the surface (or edge) of ths plats.
Asctuators csp be placed perpandicular to the XY,
T2 or X2 plsnes of the plate, so for an actustor
whoss force axis is perpendicular to the XY plane
ths torque is given by (sincs !, - 2, = 0)

Teyt,int (10)

Yor an actuater whose force axis is parpendicular
to the YZ plans, ths torqus is given by (since
!’ - !. s 0)

Te of Joyt i (1)

Tor an actustor perpendicular to ths ZX plans, the
torqus is given by (since ’z L !: *0) _.

Te -zf’i#:!,k (12)

The ganeric force dug 1. .oe 2R gactuator on the
£th mode is given by”’ .

T, = I, (2,7)ke8(xok, 7, )1, (c)kdndy
b "r(’l.”l)’l.(t’ 13)

whare W_(x,y) is the til modal (spatial) fumction
of the Baformed plate with vibrations assumed :t‘
occur along the 2 direction, whoss smplitudes a
assumed to be much smaller than a charactsristic
plate length.

For n actuators placed on the XY plane of the
plate with force azez normal to that deformed sur-~
face, the generic fores on tfl mode is given by

L]

n
L. e T W(x,,7,)¢ (%
T o4ey T 171774 v

vhare x,,y, are the coordinstes of the itD actuator.
An uctuito placed normal to ths X,Y plans won't
produce & torgque about ths Zeaxis; in ordar to odb-
tain a direct torques about the Z-axis, actuators
may have to be located on the other surfaces (edges)
of the plate.

E. Modelling of Digtributad Actuators

1f the force is distributed along the surfaces
of the plate, the force can be representead by

Tet (7,2, i+ £ (x,7,2,0)]
+ £ (2,7,2,00k (15)

vhere the force components ars now both spatially
and tims dependent.

ot Tt A AR

b R sl i

i b
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The torque dus to such an actustor is givan by
Te Ref (16)
The total torqua is given by
Te £(iu‘£‘) dxdydz an

Using seriss expansions and separatiocn of var-
iables hetween spatially and tims dependent func-
tions, one can very accurately represent (a.g. for
the x component),

L

f_(x,y,2,¢8) = T £_ (x,y,2)g_ (t) (18)
x S W 1 *

The integral for ths torque is then given by

N " -
Te (T yt (x,7,2)g, (2)-I £ (x,y,2)(t))4
=1 % 5 w17 )"n
L N -
I =t (x,7,2)g_ (t)=I =xf_(x,¥,2)g_ (t))
=1 R R o= 5 "L 3

R L -
*-g,gl::z,‘“(::.y.:);,“(t)--l.(;1 tﬁ(x.y.z)x‘k(:) eIX

axdydz (19)

The resulting generic force is then obtained in
the same manner as in Eq. (13) with the result ,

£, = Slv =76 fz‘(x.!.z)szt(t)ldxdydz (20)

3, Uncontrolled Motion~Numarical Example

The platform is assumed to have the following
shysical properties:

a=l00n

M = 276800kg
Minimm Moment of Inartia = 2.354x10 kg-n?
Maximm Moment of Inertis = 4.7088x10 kg-m?

For an assumed orbital altitude of 250 n.mi.
(circular)

6, = 1.25x1072 rad/mac.

(side of square plate)

The wodal frequencies of the elastic modes have
been obtained using a finite elemant computer
algorithm, 7 For the first thres flexible modes:

u = 2.0931947x10™2

uy = 3.0404741x10"2

rad/sec
rad/sec

wy = 3.9088122x107% rad/sec

The uncontrolled motion of the linsar system
through small amplitude deviations with respect

to each of the three nominal orieatations will now
be considerad.

Case(1i): Ix-!y‘ Iz" zxx - ZIy

The rotstional equations of wotion and the
generic modal equations are non-dimensionalized
by the orbital period and the length variable
(t= w2, = Ar/l. ¢'s dé¢/dt,ete)

- [(I,-I'-Ix) /wclglé'-f(ly-lz)llzlw (21)

=

o Sl oot Tou it ek R

o" ® (I -1 4T /w1 du el (X -0/, 00 (22)
" e 38 (23)
The gensric wmode equations bacome:

" . - 2
2. (o f0)? 2, (26)

The pitch and the generic mode equations are de-
coupled from roll and yav. The pitch and generic

modes exhibit simple harmonic motions. After sudb- .

stituting inertia valuss into the roll and yaw
equations,

v =2/u )0 (25)

“e- 0'/oc (26)
The characteristic equation for the systea (25)
and (26) 19, g2(g2 142/u2) = 0

It can be sesn that the roll and yav motion has &
doudblé pole at the origin and thus the uncontrollad
roll/yav motion is unstable. The analytical solu-
tion is obtainsd using lLaplace transform techaiquas.
A typical rasponse for initial perturbations in
both roll and yav rate(s) is shown in Pig. 2.

Case (i1): I’-Iznd I:-ZI’

The rotational equations of motion are

Rt VIRTY . 27
o7 = (e IV +ob 2e)
8" = 3¢ . (29)

The generic mode aquations can be represented by,
a
Z7 = = [(u /o)) =32, (30)

Fron Eq. (29) the pitch smplitude increases expo-
nentially in response to an initial displacesent,
vhereas froe Eq. (30), for mr/w >¢Y3 the genaric
modal amplitudes exhibit unphc'hlmnic motion.

The characteristic equation for the combined
roll/yav motion is:

S22 =t2/u?) = 0 . (31)
The roll/ysw motion is characterized by a double
pole at the origin and is thus unstable.

Case (111): Ix- Iz and I’ - 2!8 - 2{,

The rotational equations of motion are
VW g ¢V e bl 6" = O (32)

vhile the generic mode equations can be expressed
by,

2y e = Lo /o )2-12z, (33)

In this case, roll, yaw, pitch snd the genericmodes
are decoupled from each other. The generic modes,
roll and yaw exhibit simple harmonic motion, while
the pitch amplitude increases linearly with time
for a given initial pitch rate.

L
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4. comerolled Mocien
The rotational eguations of motion ure com=
bined with the generic modal equations using the
nondimansional orbite)l tims snd length variables
and then recast into conventional stats space form :
X'« 4X + BU (34)
vhere the state vector, X, is defined as
e (‘1':2';3'-'0 :1*3.oo.| ’mgtucg ‘2“)’

A N L L
is]1,2, ..., n ganeric wod s

TR A’_/a:

Tows © #'5 FTgys O V' X = O
:m - Zi d :i.‘_s. i1 1,2,..:0

For the examples to be considered in this paper
it is assumed that the systen can be modslled by
thres Tigid body rotational modes and the first
thres generic (flexible) modss.

The general A matrix

[ ] “
1 T11
6x6 | 6x6
[a)e (Sdagonal | 0 Ayg ... 0] 9
|
A 0 ... 0O
x| Ayg
' o o ... 0
o | J

Ths non-gero and non-unity elemants appesaring in
A are;

Ay " SRTI/T, 5 Ag g = (T 1) /T
Ag,3 = L-TD/T, 5 g = ~(e/u)?;

&1’5- (u:/w )z ; ﬁ2'6. '(“31“‘ )z:
&7 " (I -1 Vew I A7 s”® (I’I 1) /u, 1,

The gensral B matrix:

Oexs
Boxt

vhere the lover part of the B matrix dcpmdc
sctuator locations.

Control lav Selsction

Control lavs are developed using 3  different
tectmiques. They are: (a) decoupling of the orig-
inal state equations using state variadble feedback:;
(b) stabilizing the system by clustering the poles
on 8 line parallel to the imaginary axis smud in the
negative s-plane using the control law of the type
U = =EX; (c) applying the linear nguhr t.hcory to
the origi.n.l systen oquumu. o

I1-4

(a) Decoupling of Original State Rquations Using

Scate V, ble Feadbd.

The equations of motion of the platfors can
bs written as

X = ANCX4BD (36)

Xe (‘1"1"' t,,._3)

After seslecting U e !.,x#lpx we can rewrite the
controlled motion equations as

X ® (ABE)X+(OHE )x (37

vhare

and Kp are evalustad such that (A+BK.) and
) are diagonsliszed and thus yiald required

damping and frequancy of the controlled modes. The
ousber of modes must be equal to the number of actu~
ators to avoid the use of pssudo-~inverse matric:s.

Two sets of actuator locations have besn as-
sumad for each of the three nominal orientations
previously describad. TFor all orientations, (i)~
(144), 1t 1s assumed that five actuators are lo-
cated on the larger surface (with force axis normal
to it) and s sixth actuator along &n edge. The
body coordinates of the six actuators are taksn a’

Case (1)
Pirst location a= 100m
21(-‘l6."/6.0)= iz(‘lé.-‘IG.O)a is(-‘/6.°.°).

£,(8/6,0,0); £5(=8/6,8/6,0); £.(%/2,%/6,0)
Second location s = 100m

£ (=2/2,28/2,0); £,(8/2,-2/2,0); £4(~2/2,%/2,0)

£,(2/2,8/2,0); £g(~#/2,0,0,); £,(%/2,8/2,0)

Case (11)

PFirst location a = 100a
£10,-2/6,-2/6); £,(0,4/6,%/6); £4(0,0,-%/6)
£,(0,0,8/6); £5(0,8/6,-8/6); £,(0,%/6,%/2)

Second locstion a* 100n
£100,-8/2,-8/2); £,(0,-%/2,%/2); £4(0,%/2,-%/2)
2,00,%/2,%/2); £5(0,0,-%/2); £,(0,%/2,%/2)

Case (144)

First Locstion a = 100a
£,(=8/6,0,8 /6; £,(~2/6,0,8/6), £4(0,0,-*/6)
£,(0,0,%/6); £5(2/6,0,-8/6); £.(%/6,0,%/2)

s = 100m
£,(-2/2,0,-8/2); £,(-%/2,0,%/2); £3(%/2,0,-%/2)

£,(8/2,0,8/2); £,(0,0,-8/2); £,(4/2,0,8/2)

Second Location

Actuator positions for the two different sets of
locations are illustrated in Fig. 3. The systan

A and B matzices corresponding to different com~
binations of the three platform oriemtations and
the two sets of actuator location are listedas

follown.
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Case (1) Platfora Following local Vertical
With Major Surface Normal to the Orbit Plans.

The non sero elemsnts of the A matrix are:
Ai'“‘,-l. for 1= 1,...6; A7.B = 800;
Ag,7 ° ~1600: Ay o = 15 Ay 5= =3
‘10.6 ® «277.44, ‘u.s ® «588.647;
Au 6" =976 .844

lesasian.l (lewer Part of 3 smcrriz)

0.0 0.0 0.0 0.0 0.0 «0.23643
=0.433%  «0.432¢ 0.0 0.0 0.4320 0.0

0.4330  «0.4520 0.4329  «0.4329 C.4529 0.0
€0.00312¢ «0.003326 0.0 0.0 =0.005136 0.0

0.0 0.0 «C.003084 <0.003084 0.0 0.0

«0.008786 «0.008784 «0.0L15 0.0 «0.C08786 0.0

ek A . I3 Qewar Parc of 5 magrix)

0 0 0 ] 0 «0.679%¢
*3.3592 ~1.3992 1.3%92 13392 O 0.0
1.3992 -1.3992 1.3392 -1.3392 1.3992 0.0
0.033 «0.02% «0.023 0.02% 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
.03 0.023 0.023 0.023 0.023 0.0

Case (11) Placform Along local Horigental

The elements of the A matrix that are dif-
ferent from Case (11) are:

Ay 1= 45 Ay g = 2600; Ag 5 © 0; Ay o = ~800;

by 3° 3

iesasien ] (lewer Part of 3 emcriz )

0.4392 0.43520 0.0 540 «0.4529 0.0

0.0 0.0 0.0 0.0~ 0.0 0.22643
«0.4329 0.4529  «0.4329 0.4320 <0439 0.0

0.003136 «0.00343¢ 0.0 0.0 «0.00312¢ 0.0

0.0 0.0 «0.003084 -0.003084 0.0 0.0

«0.008786 «0.008786 «0.0118 =0.0318 «0.008786 0.0

lomcios I3 (lewar Past of § estrixz)

1.3902 1.3992 -1.3992 -1.3372 0.0 0.0

0.0 9.0 0.0 0.0 0.0 0.67%
*1.3592 1.3992 <1.3%92 1.a%2 -}.3592 0.0

0.02) «0.023 «0.023 0.023 0.0 0.0

0 0.0 0.0 0.0 =0.023 0.0

0.023 0.023 0.023 0.0 0.023 0.0

AL PAGS IR
FRIGINAL 1
L) POOR QUALITY

Case (444) Major Surface in Orbit Plane

The esleamants of the A mscrix that ars dif-
ferent from Case (11)are:

A" h = 0idy,=cling,= O
ANa® °_'

lesstiss I (lower Past of 5 matnix)

. 4539 «0.4329 0.0 0.0 0.4320 0.0
0.4329 «0.43529 «0.4339 «0.4539 0.4529 0.0
0.0 0.0 0.0 0.0 ' 0.0 «0.32043
0.00313¢ «0.003136 0.0 0.0 «0.003126 0.0
0.0 0.0 «0.0030004 «0.0030864 0.0 0.0

«0.008786 <0.008788 <~0.0L13 «0.013 “©.000706 0.0

lesstise I3 (lewsy’Part of § estrin)

«1,3992 =1.3592 1.2397 1.3992 0.0 0.0
3.3502 «1.3592 3.3992 «1.3992 1.3392 0.0
0.0 0.0 0.0 0.0 0.0 «0.67%
0.023 0.0 <=0.023 0.023 0.0 0.0
0.0 0.0 0.0 0.0 0,023 0.0
0.023 0.0 0.023 0.033 0.623 0.0

For all combinatious considersd above the gains
are sslected 8o as to produce 202 of critical dam=
ing in each of tha rigid body modes and the first
generic mode, and 102 of critical damping in the
sscond and thivd gsneric modes. In order to pro-
vide s better transient responss in the lower fre-
quancy fundamantal elastic mods, the percantage of
critical damping is sslected to be twice that in
the remaining flaxible modes. The tims respomse of
the rigid body modes and the gensric modal ampli-
tudes for all combinations considered and for equal
initial position displacemsnts in all components
of the stats is illustrated in Fig. 4a.

As an exswple of ths tims history of the ve-
quired control forces, Fig. &b. shows such a time
response for the exterior (II nd) location of the
sctuators vith the platfors nominally following
the local vertical and the major surface ares of
the platform in the orbital plans. A complets
summary of the maximum force amplitudes required
for all combinations of actuator locations and
platfore orisntations is given in Table 1. In
interpreting the results of Table I, it should be
pointed out that, in the process of achieving doth
orientation and shape control, the maximum force(s)
required of any sctuator will vary with hoth the
moment ars sbout the principal body axes and the
valus of the modal shape function at the particular
actuator location for all wmodes contained within
the mathematical modsl.

(b) Stabilizing the Systam by Pole Clustering

The equations of motion of the platform when
recast in state space format can be written as

% @ AX+BU (38), X« 2(n+3)x)
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Table 1 Maximm Poroa Amplitudes (Newtons) for Different Combisations of Cases with Actuator Locatioms

location 1 (interior)

location 1l (extarior)

Force Case 1 Case 14 Cass 111 Case 4 Case il Case 114
!1 -807.8 270.63 270.6 57.6 62.56 47,4
‘2 270.0 136.2 -133.3 28.19 26.20 =17.2 lodicatas
!3 a0 387.3_ «42%.0 =£5.89 =49.5 3.0 saximm
- level of

!‘ $27.9 195.6 163.7 17.10 30.90 25.08 control
!5 489.09 =253.3 153.0 bbb =64 .67 -4%4.67 force re-

- - qQuired for
’6 264.58 -=272.0 4.4 88.16 =-88.06 1.47 esch .

The control, U e KX t! selscted by using a digi-
tal computer algoriths® such that (A=-BK) has the
required identical nagative resl part in each of
its eigenvalues. Although the number of actustors
can be less than the number of modes (ons half of
the dimsnsionality of the state vector), & limi-
tation of this algorithm is that the gains are
sslected such that all of the closed-loop poles
lie on a line parallel to the imaginsry axis.
Bowvever this algorithas is useful vhen it is impor-
tant that each mode in the systes satisfy soms
ainimun damping charactsristics.

As an example of this technique we consider
the system wvith four actuators and six modes whare
control about the first orisatation (Case i) 1s
desired. Thres of the actuators are assumsd to
provids forces perpandicular to the msjor suriacs
vith the remaining actustor thrusting normal to an
edge. The actuator coordinates in ths body systes
(Fig. la) are: !1(-'/6. -2/6,0); £,(8/6,-8/6,0);
£4(=8/6,0,0); andf, (8/2,8/6,0) whafs a = 100m.

It 1s assumed that £he minimus damping requiremsnt
on the systen has a tims constant of (13.33 min or
(1/27) dimsnsional orbital tims). Thecontrol in-
fluence matrix is then calculated based on the
assuned coordinates of the four actuators. The
control U= =KX can be calculated by the ORACLS
pole clustering algorithm. Based on these gains
tims historias of the required contrcl forces are
then obtained.

The control influsnce matrix (lower part),
closed loop poles, and maximm forces gmplitudss
Tequired are summarized as follows:

B matrix (Lower Part)

0.0 0.0 0.0 =0.22645
-0.4529  ~0.4529 0.0 0.0
0.4529  =0.4529 0.0 0.0
0.003126 -0.003126 0.0 0.0
0.0 0.0 -0.0030844 0.0
<0.008786 =0.008786 -0.0115 0.0
C -

Closed loop Poles (Nondimensionilised)
The real part is -1.0 and the imaginary parts
are 40.000485, +0.993, #16.82, +24.26, #31.33
and +1131.37, The Maximus force amplitudes
(Newtons) are calculated as
l£y = 78.5, |£2|- 3.4, |23|- 169.5, and

{£,l= 35.3.

An interesting comparison can sov be mads
betwesn this result snd that shown 4n Tadle 1 for
case (1) and the firet (I) location of the sixz
actuators considered there. It can be sean that
by using fewer actuators, sppropriately placed,
that batter transient responss characteristics can
be obtained with smaller maximus force amplitudes.
Hovever a disadvantags of this method is that soms
of the controlled frequencies may be orders of
saguitude greater than the highest frequancy of
the wuncont ed systen (for this example compare
1131 wich /976 » 31.24). Depending on the nature
of the expected disturbance forces this result
could be very undasirable.

(¢) Application of the linesr Rsgulator Theory

The control law, U= =KX, 1is sslectad such
that the following performance index is minimized

-
Jes (XTQx+U7RD) At (39)
vhers Q and R are positive definite penalty e

satricas. The steady state solution of the matrix
Riccati equation of dimension equal to the state
has to be solved in order to evaluate the gain
Iltﬂx. xu

A computer algorithn within the ORACLS® soft-

wvare package is used to obtain the gain matrices X
for different combinations of the Q and R panalty
matrices. 1his algorithm utilizes the Newton
Raphson method of solving the Ricatti equation.
In the examples considered hars four actuators sre
assumed with the systes represented by thres rigid
body and three flexible modes. The locations of the
foyr actustors are taken to be the sams as in Sec-
tion (b), and control about the first nominal ori-
entation (i) is considared.

The waighting matrix, Q, is selected based on
the following considerations. For the sexample con-
sidered here it can be sesn from Eq. (34), (35),and
the B matrix that the uncontrolled systenm dynamics
is either describad by sats of umcoupled harwonic
oscillators, or (in the case of roll/yaw motion) by
8 coupled two dimsnsional harmonic oscillator. The
latter motion can be represanted by

W' 0 a w
[wf] '[-b o] uz (“0)
x S

where _the systex oscillates at the frequency
= vab, 1t 4is desired that the control remove
a8 maximum "transverse’ angular rate, S -
mv’w;mi - -’u;(O)w;(O)
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80 that & strategy for salucting the elemsnts of
Q could be?s10

£ 0 2
e=}, el vhare £ = 03/u T (a1)
vhen ths control penalty mactix is fixed. Tbs
tesaining equaticas for any of the uncouplad oscil-
lators can also be axpressed by

‘.i.-!-ro 2 : “ (42)
zi.:‘ I'.-(u‘/“‘) 0 3,

‘4n the same format as Iq. (39), and thus the
veights can be cbtained in a siallar mannar.

The Q matrixz for the cass considarsd haze
(control about nominal orisntation (1) with actu-
‘ator locations as given in Section (b)) 1is obtained
using the relations given by Eq. (41) and 19 a
diagnual matrixz, Q,, vith the following alemants:

- 9
qm_ 4.324x109, Qz.z = 8.539xi09,

Q3,3 Qg g = 3-0x10% Q , = Q530
- 6
2.7761%a108, Qg o = Qy, 5y = 5-88647x10°,

Qg6 = Qo g = 9-74864m06, Q; 5 = Qg 4 =

2.222x103,

Thae R, matrix is chosan as an idantity matsix. 4
paramettic study is done using various multiplas

of the Q, (Q=aQ,) and Ry matrices obtained above
shiich are plotted against ths negative real part eof
the ‘least daumped mode of the controlled systen in
Tig. S. All ths loci of the negative real part of
the least danmpad mode approach unity and no signif-
dcant improvemant is observed by increasing the
state psnalty, Q=oQp, any further. Thus one vishes
to operats on the horizontal line betwesn the
poines (1) and (2). The paxisum amplitude of the
forces for R = I and R = 1000 I ars calculated

and plotted in Fig. 6. The closad loop polss of
the controllad system at points (1) and (2) ars
virtuaily the sams and are givan as follows
(nondimensionalizad):

~1.0043, -1.8+16.64, -2.16+424.20, ~17.18+119.79,
' -26.23, -36.22, -137.64 and ~38.66+11132.11

‘:‘nn paxiomm force amplitudes as shown in Fig. 6 are
'less than those correspendirg to-Case (L) - Loca=-
tion I of Tabls 1 for comparable transient re~
'ponses, whersas tbase are high.as compared to the
'forces obtained using the pola clustering tach-
‘niqus (Sertion (b)). This is due to the large
‘segative real parts of the other modes in the
'linear regulator case vhen compared to the pole
'c.lus:aring techoique vhere all the poles have an
equal negative real part (-1.0). Both the linear
regulator and pole clustering technique Bave the
drav back that the controlled frequancies can be

quite high compared to the uncontrolled fraquencies

Oz the otherhand, these tachniques have the ad-
vagtage that they can be applied to situaticns
vhere the puzber of actuators is less than the
ne=ber of modes in the mathemarical sodal, in

conrrast to the decoupling technique of Sectien (a).
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In this paper the dynamics, stability, and
control of an orbiting homogeneous, flexible
square platform are considered. Three different
nominal orientations of the platform are examined.
When the placform is oominally following the
locsl vertical with ite larger surface perpendi-
cular to the orbital plane and also when the
platforn follows the local horizoutal with its
larger surface normal to the local vertical, it
is sean that the uncontrollied roll/yav motion is
unstable. Yor the casa where the platforn
follows the local vertical with its large sur-
face perpendicular to the oxrbit normal, the un~
controlled pitch motion is found to be unstable.

Three different control techniques are con-
sidered for the selection of the conctrol laws:

a) The decoupling of the sriginal state equacions
using state variable feedback eliminates the need
of a transformation from ths original coordinatas
to the modal coordinates and provides a method of
specifying directly the amount of damping and fre-
quency of the individual compounents of the state
vector. Hovever,with this technique the aumber
of actuators must be equal to the number of
coordinates (modes) ip the model.

b) The pols placement algorithm (ORACLS)
guarantees the over-sll required damping of the
systam and does not rastrict the number of actu=~
ators to be equal to the number of modes in the
oodel., However, it is seen that the closed-loop
f{requancios may be graatly increassd when com=
pared to the open-ioop values vhich may cause
problems with externally induced periodic exci-
tations.

¢) The linesar regulator theory can provide
acceptable performance once the state and penalty
natrices are properly selected, snd the number of
actuacors can be less than the number of modes in
the wodel. Computer capacity and accuracy limit
the number of modes that can be considered. Here,
too, an undesirable increase in the closed-loop
frequencies may result in order to provide satise
factory responses with maximum allowable forece
amplitudes.
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Appendix A - Nomenclature
rth modal amplitude function

Control influence matrix

Cx, Cy,Cy Discurbance torques abour the pripg-

73

- -
'y “}"IZ

cipal undeformed body axes
th

E. Generic force on r-" mode
£ Force due to an actuator
fx'fy--z Force components due to an actuator

C'EX'GR,"GR: Gravity gradient torques about the

principal undeformed body axes

Yoments of inertia about the princi-
pal axes

Gain matrix

'L,'\', Rate and position feedback gain

matrices

I1-8

tgoI’vtg

We(x,y)

A

we
Wgelysz
¢,0,0

Wy w3

(lqu
!

rt® nodal mass

Torque due to an actuator
Torque components

r*? modal shape function

Nondimensionalized r®® modal ampli~
tude function

Orbital freguency
Angular body ratss
Roll, ysv, pitch, respectively

First thres modal fraquencies of
the plate
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Fig. la. Platform folluving local vertical with
asjor surface normal to the orbit plane-
Case (1) P4g. lc. Platfors following local wvertical with
major surface in the orbit plane -~
Case (114)
X
¢, vaw ¢(rad)
- 0 v(rad)
- 3x10-3
orbit —r-g—t—
— v = * ¢ (0)e1 ; ¢ (D)o
- ¢ U . *(0)e ¥(0)e 1.25x1073 rad/sac
b " t=1500
Inertia) Reference -3x10"3 ¢
y
Fig. 1b. Platform along local horizoncal -~ Fig. 2. Roll/yavw motion (uncontrolled) - Case (1)
Case (44)
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0.01 ¢

Non-dimensionalized rigid body modes

and three generic modes.

o
o

-0.007

6(0) = y(0) = ¢(0) = 0.01
21(0) = 0,01, 1 «71,2,3
6(0) = ¥(0) = ¢(0) = O
ii(O) -0, {=1,2,3

6,v,¢
(20% zritical damping)

Z, (20% critical damping)

/\_/

i time, t

1k
“‘ \ AAO e —

(22, 23: 10% critical damping)

40

prinut(

Fig 4a. Controlled state response for all cambinations

of orientations and actuator locations.
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Fig 6. Maximum force amplitudes as a function of «
and R for all actuators - (application of
linear regulator theory).
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ITI. FREQUENCIES AND MODE SHAPES FOR RECTANGULAR PLATES

The ability to determine accurately the frequencies and mode
shapes is essential for the analvsis and control of large structures
in »bit. A thin rectangular plate, an important basic structure
for several space applications, is considered for vibrational
analysis. In the following sections the plate is assumed to be large,
thin, and homogeneous, and all the edges are assumed to be free to
vibrate. First, the approximate frequencies and mode shapes of a
rectangular plate obtained by \Alar'bur"t:onl is discussed. This analysis
also includes the <pecial case of a square plate. Next, the analytical
results for a square plate using the method of I.aemke2 is considered.
For a specific example of a square plate both analytical results are
applied to determine the frequencies and mode shapes. An available
finite element computer pmgx“am3 is also used to obtain the frequencies
and mode shapes of this plate. The results of both analytical methods and

the computer routine are compared and discussed.

1. Formulation by Warhurton

The approxinate frequency formula is derived by applying the Raleigh
method. The details of this method are given in the earlier contract
r~epor"c,,4 The pasic equation used was the plate vibrational equation in
the cartesian co-ordinate system (X,y), with the length and width of

the plate taken along the x and y directions, respectively, and is given

as

4 L L 2 2
W, W, W, 12(-0f)  3W _ (IT1-1)
ax ax?ay? oyt Egh? ot
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where p,o and E are the density, Poisson's ratio and Young's modulus
of the plate material, respectively, h is the ,.ate thickness, and
g is the acceleration due to gravity. The displacement, w, at

any point (x,y) at time t is given by

w=Wsin ot = A 6(x) ¢(y) sin wt (I11-2)

8(x) and ¢(y) can be taken as the beam functions orthogonal
to each other and can be used to approximate plate behavior. After
taking the appropriate free-free beam functions for 6(x) and ¢(y),

the frequency expressions for a rectangular plate was derived as1

boeo 2 -gl
22 = pa (Z‘r\'f)l+ l?;l o) (ITI-3)
m* Eheg
_ at a“
and %= GX“ + Gy* ;‘: + 2 ;2- Lo HxHy + (1-0) J,ny] (TII-4)

where ) is a non-dimensional frequency factor, a and b are the length

and width of the plate, and Gx’ Hx, Jx’ Gy, Hy, and Jy are functions

associated with the number of nodal lines, m and n, parallel to
x and y, respectively, for the beam functions 8(x) and ¢(y), and are
given in Table ITI-1. From Eq. (ITII-3), the frecuency is cbtained as

Ahn [ Eg

L
] (cps) (III-5)
a? 48 p (L~g2)

f =

—

Eq. (III-5) is valid for thin rectangular plates. However, for square
plates, (m,n) *+ (n,m) types of modes exist, and for these cases X in
Eq. (II-5) must be modified. These cases are discussed in detail in

Ref., 1 and a few relevant results are given here.

III-2
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Modes (m,0) + (o,m), m is even
22 = (el 4 2 a(mi)? 5

Modes (m,1) * (1,m), form = 3,5,7,.... (II1-6)
M = (et 4 200-0) (2 (14 s ) 35
192

2 2
(M) m ] 1 2(1-0) —;r

+ 2 omi? 211 -

For any mode of vibration the nodal pattern is defined by m and n, the
number of nodal lines in the x and y directions, respectively. The

mode shapes are obtained by using the correspor-ding modal frequencies in
the beam functions and then evaluating the product, 8{x)-¢(y), numerically.

2

p— — — L — [, _ ———
+

2. Formulation by Lemke

The frequencies and mode shapes were computed for a square plate

using the Raleigh-Ritz method. The results are readily available only

T S

for six of the modes obtained by Warburton's method. Lemke usec

displacement functions of the type,
W=1ZAnn 8p(x) énly) (I11-7)

where 8n(x) and ¢,(y) are the free beam functions given as :

cosh ky cos ky X + cos ky cosh kp X

8 (x) =

v cosh?ky + cosky
(m even) (TII-8)

sinh Xy sin ky x + sin ky sinh kp X

v sinh?k, - sin‘
“m m (m odd

¢n(y) is obtained from Eq. (III-8) by replacing x by v amd m by n.

I1I-3

f




- —

J
The values, K, are the roots of the equations
tan kyp + tanh kp = 0 (m even)
tan kp - tanh ky = 0 (m odd)
which result from the spatial boundary conditions. Further, it was
shown by an energy principle that b
wl = Umax
2D e (I1I-9)
€ o o

where Umax is the maximumn potential energv due to bending. The co-
efficients, A, in Eq. (III-7) are determined to make w? in Eq. (III-9)
a minimum. Lemke obtained the coefficients, A, by taking six or more
terms in the series (III-7) and using four different values of Poisson's
ratio. Expressions for six mode shapes and frequencies along with the
co-efficents, Amn’ are tabulated in Ref. 2. As an example the expression

for the first mode is given here.

W (x,y) = XYy + 0.0325 (xly3 + x3yl) - .005 X3Vs
- .00257 (xtly5 + xsyl) + .00121 (x3y5 + xsys)
- 0000365 Xsys + o e o0
_ 13.086 /  En3 -
and w = 2 /12 5 (1=57) for o = .3u43
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3. Finite Element Camputer Program

The computer program used is the Structural Design Language (STRUDL)
which uses the finirte element method to determine the mode shapes and
the frequencies of vibration. The input tc the computer routine is
given by specifying the type of structure and supplving other physical
properties and dimensions of the structure. For a rectangular plate,
the finite elements can be specified as rectangular elements and the
number of elements into which the plate should be divided depends upon
the accuracy required. STRUDL gives deflections at each corner of the
elements for all the modes from which the mode shapes can be determined.
Further, a set of frequencies corresponding to the modes generated is
obtained. In general, the accuracies of the frequericies and mode shapes
will improve if the plate is modelled with a higher number of elements.
However, camputational errors due to truncation and round-off errors
mayv predominate as the order of the elements increases bevond a limit.
Further, the limitations of the computers will restrict the number of

elements into which the plate can be divided to obtain more accurate results.

4. Discussion of Numerical Results

A square palte of sides 100 meters each and thickness 0.01 meters
is considered to obtain the numerical results. The material of the plate
is assumed to be aluminium with the following properties.

2768.0 kg/m3

density

Young's modulus = 0,7u41x1010 kg/m?

0

Poisson's ratio = 0.33

III-5
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Using Warburton's results, Eq. (III-4), Eq. (III-5), Table (III-1),
and expressions for 6(x) and ¢(y), frequencies and mode shapes are
calculated for different combinations of the number of nodal lines,

m and n, starting with combinations of m=0 and n=1l, through m=3 and

n=3. The first three combinations of nodal line numbers, (0,0), (1,0)
and (0,1), represent rigid body motion. The first fundamental flexural
frequency is seen to be due to a combination of m=1 and n=z1l. The
corresponding mode shape for the plate is obtained by multiplying

the beam functions, 6(x) and ¢(y), for (beam) mode numbers 1 and 1,
respectively (Fig. 1). Since the plate is approximated by sets of
orthogonal beams in the x and v directions, the nodal pattern is also
obtained by plotting +he nodal points of these beams for their first
modes. The next two higher frequencies are obtained by combinations of
m=0 and n=2, but the nodal patterns (Figs. 2,4) can not be visualized as
before. This is because these frequencies are of a special type resulting
from a combination of the (2,0) and (0,2) plate modes. It can be seen
that when the mode corresponding to (2,0) (Fig. 3(a)) is superimposed

on the mode - (0,2) (Fig. 3(b)) the mode shape depicted in Fig. 2 results.
Similarly by superimposing the (2,0) and (0,2) modes the third mode shape
(Fig. 4) is obtained. The two combinations of nodal patterns m=1 and
n=2, give identical frequencies for the fourth and fifth mode and the
corresponding shapes (Fig. 5) are as expected. The next two higher
frequencies are also identical and result from cambinations of the (3,0)
and (0,3) modes. The eighth frequency is obtained from m=2 and n=2 and

the mode shape obtained is shown in Fig. 7.

]
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However, the ninth and tenth mode shapes obtained by the (3,1) and

(1,3) combinations, are once again of a special type. The ninth mode
shape is obtained by superimposing the (1,3) and (3,1) patterns (Fig. 8)
and the tenth mode shape is obtained bv superimposing (1,3) and (3,1)
nodal patterns (Fig. 9). The next higher frequencies are obtained from
cambinations of the (3,2), (2,3) and (3,3) modes, respectively. The
frequencies and nodal patterms obtained for all these modes are shown
in Table 2.

Frequencies and mode shapes are also obtained by using the expressions
for the six modes given bv Lemke.” The first three frequencies and mode
shapes obtained agree with the frequencies and mode shapes computed from
Warburton's formulas (Table 1). However, the next three frequencies
obtained by Lemeke's method correspond to higher frequencies and mode
shapes obtained by Warburton's method. Also the nodal patterns obtained
by Lemke's method compare approximately with the nodal patterns obtained
by Warburton's method although the frequencies do not correspond in all
cases. The resul*s obtained by lLemke do not show the four intermediate
frequencies corresponding to the fourth, fifth, sixth and seventh modes
obtained by Warburton's method. The frequencies and nodal pattern obtained
by Lemke's method are shown in Table 2.

For implementation of the computer program STRUDL, first the plate
is divided into four elements. The first six modes (in terms of increasing
frequencies) as predicted by STRUDL are also apparent from Warburton's
results. The plate is assumed to be divided into 9, 16, 36 and 64 elements,

respectively. The results of STRUDL are tabulated in Table 2. It can be

seen that STRUDL frequencies approach the frequencies obtained by Warburton's

method as the number of plate elements is increased.

ITI-7
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However, in the cases of 36 and 64 elements some of the frequencies show
a tendency to oscillate about an average value. This probably is due

to the computational round off errors which begin to dominate with

the increasing computations associated with larger number of elements.
Thus, the advantage of taking a large number of elements may not be fully
realized due to numerical accuracy limitations. Computation with more
elements requires more computation time and a larger computer memory.
For the 64 clements case, it was not possible to obtain the mode shapes
due to memory limitations. It was also observed that the convergence
of the frequencies, with an increase in the numer of elements, is faster
than the convergence of the mode shapes. It can be seen from Table 2,
that the numerical results of STRUDL using 36 elements correlate with
the results of Warburton both in frequency and mode shapes.

Table 3 and Table 4 compare non-dimensionalized deflections at the
nodes (corners of elements) obtained by the three methods for the second
mode (Fig. 2). For locations where deflections exist and do not correspond
to maximumn amplitude (+ 1.0) in all cases the results predicted by STRUDL
lie in between the results obtained by the analytical methods of Lemke
and Warburton.

The results of this comparative study give an indication of the types

of modelling errors that would be expected in the estimation of the frequencies

and mode shpaes of the fundamental and lower order flexural modes of a
large platform type structure in orbit. As an extension to this study
the use of more powerful (and accurate) finite element computer algorithms,

not currently available at Howard University, is recommended.
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TABLE III-1. Evaluation of Parameters in Frequency Expression (Warburton)

o G, H, J, n G, H, 3,

0 0 0 0 0 0 0 0

1 0 0 iz 1 0 0 %%.

2| 1.506| 1.248 5.017 2| 1.506 |. 1.248 5.017

3 2 2 3 2 2
¢ w 7| e eho|d o D @ PP @PQ

P= [1-2/(m-0.5)7] Q= [1+6/(m-0.5)7]
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Case 1+ 4 Elements
p o — e - B et -+ o - e
Lot ATIon | STANUDL JLtivae ke Tt ‘ \
f - r
Al o o) e 7
SUPRSU RIS AR S : ¢ |
N2 1 ¢ .0 ic |
| U r ! —
1
By -0 -1-c -1e !
< =
I
B
82 o e o |
* A 1 2 3 & .3 € T
grid used for 36 elements
Case 2: 9 Llements Case 3: 16 Elements
LocnTion| STRUDL L EMKE | wWarRBUARTO sTRUDL | LEMKE |WARBURTON
al o ) (o] o () 0
Aa leo i-c -0 <70/4 73] | (€837
A3 I+ 0 e 1« 0 1.0 1.0 lvo
81 -0 -1.0 -0 - 7014 (= 7327 -:£%3)
B2 Lo} (o] (o) (o} o o
B3 (o) o 0 86y |- 2673 |.31¢3
c! - |0 -1-c -1t ' -1c -0 -[0
c’ c ) o l-.2862 |--2673 |--3)¢3
c3 c (o] o (o} o] \
TABLE-ITI-3. Normalized Deflections at the Nodal Pointe Obtained by

the Three Methods - Second Mode.
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Case 4: 36 Elements .
S S
LecAaTten ‘ STRUDL fwnr\*a'u‘! LEMKE' LocAamcn szuotj WARBU- | EMKE
RN . R Top)
Al © | o o C'.| i- g§590 L.xg5a 4 -¢9793
|
A ‘ HETH C LT33 | .534L Cy i-+359y |=-+379Q2 |-.34L7
{ — i
Ao 859 i¢85-21' © 1793 l C3 | o o o
] i !
- ¢ —~ ‘ S SR
At /-0 /-0 [+C i Ch 1334 C 415 lle)
- - —
Bl - b ST - U733 | --53kL | Dy -0 - 1.0 -0
a3z | -39 - .3792 | -3447 | Dy |_.1334 |- 1475 |- 1207
84 4932 | -5267 | 465k | Dy o o o

TABLE III-4. Normalized Deflections at the Nodal Points Obtained by the
Three Methods - Second Mode.
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IV, GENERAL CONCLUSIONS AND RECOMMENDATIONS

A model is developed for predicting the dynamics of a large flexible
free~-free thin platform in orbit under the influence of contrcl devices
which are considered to be placed at specific locations on the major
surface and one of the edges. Control about three different nominal
orientations is considered. In the absence of control, for the case
of a completely homogeneous platform instability in at least some of
the modes is indicated for small amplitude motion about each of the
three orientations. Once controllability is established, for a set of
actuator locations, three different techniques are employed for the
selection of actuator control laws:

(1) the decoupling of the original state equations using state

variable feedback; 3

TN LT

(2) a pole placement algorithm; and

(3) an application of the linear regulator theory
It is seen that each of the three techniques have certain distinct ad-
vantages and also specific limitations), which are discussed in detail
in Chapter II. For systems involving multi-degrees of freedom (such as
in this application), the implementation of these techniques requires the

extensive usage of computer algorithms.

As a logical extension to the present study which assumes perfect
instantaneous knowledge of the state, the modelling of the sensor dynamics
and related problem of observability should be considered, once specific
information on the types of sensors required for monitoring the performance

of large flexible systems is available.

Iv-1
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The problems caused by both observation and control spillover could
also be treated, perhaps by beginning with the simpler model of the
control of a long, flexible beam in orbit and then extending this
analysis to the three dimensional model of the platform.

A model of the uncontrolled dynamics of a large flexible shallow
spherical shell (representative of an antenna dish or larze radiometer)
in orbit has been developed during the present grant year (see Part B
this report). It is suggested that the effect of control devices be
included in this model and that control laws could then be developed

using different algorithms already in existence.
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APPENDIX

Modifications tn ORACLS Software Package

The ORACLS® Software Package that was developed at Langley which
operates on the Control Data Cyber Camputer System was modified to suit
the IBM 370/165 Computer System that is available at Howard University.
The major modifications that were done are described below:

(1) As the single precision accuracy on the CDC is approximately
equal to the double precision on the IBM/370 System, the entire
package was converted into double precision.

(2) Some of the machine dependent constants were changed accordingly,

(3) As the IBM System accepts only six letters for a subroutine/
function name all the names that exceeded six letters were

changed and the list of those subroutines is given below:

0ld Name New Name :
(1) TESTSTA TESTSA ‘4'
(2) VARANCE VARANC

(3) TRANSIT TRNSIT

(4) DISCREG DISREG

(5) CNTNREG CNTREG

(6) RICTNWT RICNWT

(7) ASYMREG ASMREG

(8) ASYMFIL ASMFIL
(9) EXPMDFL EXPMDF
(10) IMPMDFL IMPMDF

(4) Same of the additional supporting subroutines/functions required a
were added and the names of these subioutines are given here:

(1) PNCH a

(2) DIMAG

(3) DREAL

(4) BLOCK DATA |
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(5) None of the arguments of the subroutines were changed

The listing of the modified ORACLS package is given in the following
pages. These routines have to be used in conjunction with Ref. (8). The
numbers that appear in front of the FORTRAN statements are line numbers

and have to be ommitted.
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l SURROUTINE RNOTITL . ) ROT00010
! IVPLICIT REAL®*B (bekW,0e2) ) ROY00020
2 COMMON/LINES/TITLE(IO),TIL(3),NLP,LIN RDT00030
J - COUMON/FORM/FYTY(2),FYT2(2),NEPR ROTN004O
COMMON/TOL/EPSAM,EPSAM, JACM T T T OTRABT600S0
S COMMON/CONV/SUMCV,RICTCV,SERCV,MAXSUM ANTNO06O
'c_‘ NLP 3 MO, LIMES/HAGE VARIES WITH TWE INSTALLATION RDT00070
. GEmcs.xoo.ewown.ewﬂsﬂ) TITLE T RNT00080
3 100 FORMAT(10A8) RNTNO090
9 . _ . ___GALL LNCNTC(tOMY ROTNOL00
n' RETURN R ANT00110
b 90 CONTINUE RNTO0120
12 . . swey o ROT00130
;' 91 CONTINUE RDTNOLUN
. STOP 2 ROTNO1S0
1S__ ENG ADTO00160
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1010

.. -20

.. SURROUTINE LNCNT
[VPLICIT REAL*8 (AeM,0e2)

N)

COMMON/LINES/TITLE(C10),TILC(3),NLP,LIN
LINSLINGN —

CIF (LINLLELNLP) GO TO 20

ARITE(6,1010) TITLE,TIL

FORMAT (1H},10A48,348/7) .

LIN=2 N C e e e o
IF  (N,GT,NLP) LIN=2

RETURN e

enn ———— e

LNC00019
LNCO0O0020
LNCOON3e
LNCO09%040
LNC000SO
LNC00060
LNC00070
LNC0008H
LNC00090
LNCOOtON

" TLNCO00110

— e e e e U S
e e e e e o e e e+ e —- -
l '
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(R

IMPLICIT REAL®*8 (AeM,0e7)

READ(S,100) LAB,
CALL READ1(A, NA,NZ, LAB
- IF(I EQy 1) GO TO 999 __
READ(S,100) LAB,
caALL READ1I(B, NB,NZ,
.. _IFCL _EQ. 2)_GO TQ_999

oK., S~ —

LAB
9

SURARNYTINE READ(I,A,N4,B,NB,C,NC,0,ND,E,NE)

DIMENSION AC1),B(1),C(1),0(1),EC(1)
QIMENSION NAC2)(NB(2),NC(2) ,NDC2),NEC2),N2(2)

REAONNYN
REA00020
REA0003%0
REANQO4D

- —— -

NZ(1), N2(2)
)
TUNZCELY, NZC(2)
)

READ(S,100) LAB,
CALL READI(C,NC,NZ,LAB)
IFCl LEQA, 3) GO TO 999

’l-._
12

NZ, N2()Y T

"REA000SU
REANOO6N
REAQNOTO
REAN0QNAO
REAQ0090
REAQOQtO0O

T REAOOL1O

REAQO120

REA0O130

’ ' G READ(S,100) LAB, NZ(1), NZ(2) REAON140
E i cALL READ1(D, ND,NZ, LAB) REAN01SO
‘ .o 1FC! ,EQ._4) GO Y0 999 _ . __ . _ _ e e _REAOO010
3 READ(S,100) LAB, NZ(1), N2(2) REAO0LT0
lv CALL READICE, NE,NZ, LAB) REA001R0 |
3 __100_FNRMAT(A4,u4X,2T4) - e . REAOO0190 P
b 19 999 RETURN I REA00200
) '> END REA0O210
’ ;
' |
]
I A=3




. SUBROUTINE PRNT(A,NA,NAM,IOP)

IMPLICIT REAL*8 (A~H,0-7)
DIMENSION A(1),Na(2)

_COMMON _ /FORM/FMT1(2),FMT2(2) NEPR
COAMMON/LINES/TITLEC10), TIL(3),NLP,LIN

Ce NOTE NLP NO, LINES/PAGE VARIES WAITH THE INSTALLATION,

12
iy
“
s _ -
! 10
' 11
.3
19 177
)
L. 12
22

3 132
4
3 891

26 Ce= BELOw COMPUTE NR OF LINES/ ROwW <=DECIDE IF | EXTRA BLANK LINE

L. .13 o
3 Ce WHY a_LwAYS ADD | LINE- BE

29

19
ih .

47 16
i
29 916

al -

:
%
g{- S

_MNaNC

_END

NDATA KZ,KW,KB /1HO, 1M 1,14 /7
NAME s NAM

I1 = JOP

NR_s NA(1)

NC 3 NAC(2)
NLST 3 NR » NC

JFC NLST LT, t ,0R, NR LT, 1 ) GO TO 16

IF(NAME _EQ, 0) NAME = K8

Ce SKIP MWEADLINE IF REQUESTED,
GO TO (31,10,132,12Y, I _

CALL ULNCNT(100)
CALL LNCNT(2)

CALL LNCNT(2)
NRITE (6,891)
FORMAT (1M0)

J3(NCe]) /NEPR+]

NLPWsJ

JST=y . , e
COMPUTE LAST ROW POSITION =t BELOW
NLST 8 NLST eNR

IF (NC,GT NEPR)  MNaNEPR o
KLSTENR® (MNw])
CONTINUE S
NO 912 J = JST, NR
CALL LNCNT(NLPW)

. KLST = KLST +f

mRITE (6,FMT1) (A(N), N3J,KLST,NR)
IF  (MNC,LE NEPR) GO TO 912

NLST = NLST +t o
KNR2IKLSTeNR

WRITE (6,FMT2) (A(N), N3KNR,NLST,NR)

- CONTINUE | ) e e e -

RETURN
CALL LNENT(1)
NRITE (6,916) NAM,NA

. WRITE(6,177) KZ,NAME,NR,NC — , .
FORMAT (AL ,SX,A4,84 MATRIX,SX,I3,5H ROWS,SX,13,84 COLUMNS)
60 T0 13
CALL _LNCNT(100)_ - -

GO T0 13

"AUSE IF MULTIPLE, USE § BLK LINE EXTRA, ~

FORMAT (° ERROR IN PRNT MATRIX *,Ad,’' HAS Naz’,216)

RETURN

ORIGINAI PAGE IS
OF POOR QUALITY

PRANO0OOI1O
PANNNOZN
PRNOO0ODO
PRAINOOQOUO
PRNOOOSH
PRNNONGO
PANQOOTO
PRNQOOSN
PANQOOSN
PRNONLOND
PRANOOTLLO
PANONt 2N
PRANQOOL 30
PRNOOG14N
PRNON1ISO
PRANOO1 6N

" PRNOOQ1T0

PRNOO18N
PRNON1QN
PRN00200
PRANGO21 O
Panng22n

T“PRNQN230

PRANOO24DN
PRNQNZ2SH
PRANQOO260
pPaNQO27N
PRNOO2AON

PRANOO290

PRNONZIN
PRANOQ3IUN

PRNNOISO

PRNOO36C
PANONTZ TN
PRNOOZACN
PRNOO3QC
PRNQOOUOC
PRINAOUY N
PRANQO42"
PRNQONUTC
PRNOOUUr
PRNQQUSC
PRNQOUS"
PRNQOUTTC

PRNOO4LST
PRNOOSO "
PRNONSY
PRNNOS?

i SR it g R T T . ML R i et IR T £ Ll e e e < 3o e




NH(L) 8 NA(L)
NRB(2) sNA(2)
LeNA(1)eNA(2)
CLFC NAC(LY LLT,
00 300 13,0
300 AC(l)sA(])
9 1000 RETURN )
lg 999 CALL LNCNT (1)

AL O Y <™ e

WRITE (6,90)

13 RETURN
END

1 JO0R, L

NA

IVPLICIT REAL®A (Aek,0e2)
DIMENSION A(1),8(1),NA(2),NB(2)

LTt

S0 FNORMAT (° DIMENSION ERROR [N EQUATE

) GO TO 999

NaZ’,216)

EAU00010
€RAuoonan
€QuU0noln
€RAU00Nuo

" EAU000SO

EAUNOO06N
€qU0n0Tn
€EAU0N0A0
€AUN0090
€qua0101n

TTEQUONtLLN

€QuU00120
EQUNO13N
ERAUNO1L40
€AU001Sn




.. _SURROUTINE TRANP(A,NA,R,NB) TRAQ001N
‘ IMPLICIT REAL®N (Aew,0e2) ) o TRAQ0029
NIMENSION A(1).B8(1),NA(2),NB(2) TRANNOYD
‘ . NB(1)8NA(2) TRAQOGYUO
NB(2)SNA(Y) - - T - TRA0N0SN
NRsNA(1) TRA0NO060
6 _ .. _NCsNA(2) o ) o TRAOO0OTO
LENReNC ) T TRAQOOBY
l IFC NR LT, 1 L,O0R, L T, 1 ) GO TO 999 TRA00090
Y. . . Irs) . e TRAQOLNO
N0 300 Ist{,NR RS 4 7' Y 1 E K )
i [JsleNR TRAGO120
. no 300 Jat,NC i ) TRAONY 3O
13 [JsIJeNR TRAON14N
d IRsIRet TRANOLISH
'Ll. Jog B8(IR)sA(TIJ) e TRA00160
16 QETURN T T T YRAQO1TA
Y 999 CaLL LMCNY (1) TRAON1IAA
y .  WRITE (6,50) NA& : - o TRANN19N
4 S0 FARMAT (°* DIMENSION ERROR IN TRANP NAE?,218) TRANQ200
20 QETURN TRA00210
l - BNO. e el TRAqO0e220
| .
!
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A
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SURRNUTINE SCALE (A, NA, A, NGB, )
IMPLICIT REALOA (AdeN,Qe?) o
NIMENSION AC1),BC1),NA(2),NB(2)
NA(L) 8 NAC(CYL)
NRB(2) sNA(2)
L 3 NA(1)eNA(2)
CIFC NAC(Y) LT,
DO %00 Ist,L
300 B(I)sA(])eS
1000 RETURN
999 CALL LNCNT(1)

WOR, L (LT, 1 ) GO TO 999

WRITE (6,%50) NA
S0 FORMAT (°* OIMENSION ERROR IN SCALE NAS‘®,216)
RETURN
END
A-7

$CA0NO1N
SCA00020
$CA00030
SCA000un
scaQ00s¢
SCAQ00NMHN
SCA00070
SCAQ00AN
SCA00091
sCagQo01an
scannytc
scanoye2n
SCA00130
SCA00tun
SCA001S¢C




R T ——— T W ——

O -
‘1
H
L
4
5
o {00
7
l;
'- -
19
\ 300
2
3 999
<4
ki s
& 1000
17

CTF(NA(1) NE,NAC2)) GO TO 999

B e e
:
|

SUBRQUTIME UNLITY(A,NA)
IMPLICIT REAL#8 (AeN,0e2)
DIMENSION A(1),NA(2)

LENA(1)ena (2)

00 100 Ivsy,L
ACIT)=O,0

J 8 = NA(})

NAX B NA(Y)

NO 300 Isy,NAX
JENAX ¢Je
AC))=t,

GO TO 1000

CALL ULNCNT (1)
ARITECE, SOY(NAITL),131,2)
FORMAT (°* DIMENSION ERROR IN UNITY NAS’,216)
RETURN : T ) T
END

Unl00010
UNgooo020n
UNtT0QO3N
UNTIQO004N
UNT000S§A
UNIOO0O®D
UNTQOOTN
UNT00O080
UNT0009n
UNTO00Q100
UNTO0Ot1n
UNTO0Q120
UNTOO13P
UNTOOtdn
UNTIO0N1SA
UNT0O0160

" UNINO1Tn

UNTIQO0180

k.




T T T T Tve—— "

_SUBROUTINE NULL(A,NA)

IMPLICIT REAL*8 (QeW,0Qe?) ) i
OIMENSION A(1)
_DIMENSION NA(2) _ e i o _

NeNA(1)*NA(2)
IFC NA(L) LLT, 1
.NQ 1013y ,N

OR, N LT, 1 ) GO TO 999

10 aCl) = 0,0 ST T T e
RETHAN
C_ S e
999 CONTINUE T T m s T
WRITE (6,30) NA
S0 FORMAT(* NIMENSION ERROR IN NULL NA 2¢,216)

T - e e
b-!v—‘0|aw~l u-cu.u—-ol

t ' .

: , , .

RETURN

NUL 00010
TNULO00020
NUL 00030
NyLooo4dn
T ONUL000S0O
NUYLONO0GN
NULQOOTN
NUL 000"
NUL 00090
NULNO0100
NULOOL LN
NULQot2n
NULOOL 3O
NULON140

.
!
L
| R e
‘ e e e e ) —— ————

g

g

_mw“!

;
:
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gy TN . e
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= e,

[y

- - ee eme e s — e e e e -
— e .;_. e e o e et ot | ot
|
g \k\)
. . - e ——— - - —— _

i

SEEEH

- s - =
e TR LT

—
o .

‘L_m — .RETURN .

SUBROUTINE TRCE (A,NA,TR)

IMPLICIT REAL®8 (AeM,0=2) -
DIMENSION A(1)

X _DIVENSION NA(2) - e
IF (NAC1),NE,NA(C2)) GU TOD 600 T T -
NaeNA (1)

- JR30,0 L. . o I -
IPC N LT, 1 ) GO TO 600 -
00 10 Is=y,N

- _ MaleNa(Tey) e e

10 TRaTReA(M)
RETURN
000 CALL LNCNT(1) N
WRITE (A,1600) Na
1600 FORMAT (°* TRACE REQUIRES SQUARE MATRIX NAz’,216)

END

A-]0

T e S S ST ST RS R R LU R S et e S RTES T R e T T S SR TR T T R S R T L ST e TR e T T A R TR e e e

TRCOOOtN
TRCO00027
TRCONO03D
TRCOO00QUP
T TRCONOSH
TRCOO006C
TRCO00O7"
TRCONNOAN
TRC00090
TRCOO10®

TTTRCOO0T1O

TRCON120
TRCOO0130
TRCOO140
TRCO0N1SO
TRCOOt6N
T TRCOO01T7O




o B

- .,
.

- -
-2

K

.'“;
|

— e

300

999

50
1000

.. END

SURROUTINE ANDN (a,N&,R,NB,C,NC) ANDONOL Y
IMPLICIT REAL*A (A=w,0«]) ADDOON2N
DIMENSION a(1),8C1),CC1),NAC2),NB(2),NC(2) 40006039
IF( (NA(1)  NE, NB(1)) L,OR, (NA(2) ,NE, NB(2)) ) GO TO 999 AD00004N
NC(1)sNA(1) ; ' “ADNDOOOSO
NC(2)8NA(2) a000N0BN
LINACL)eNAC2) o . anonoero
IF( NACL) (LT, ! LOR, L LT, 1 ) GO TO 999 ADD0O0O0RD
no 300 Ist,L ADDO00NSO
C(I)=a(l)eB(I) —— e, e L ADOO100
60 TO 1000 - ) T ADD0OL YO
CALL LNCNT (1) ANDNOL20
WRITE(6,50) NA,NB ADDON1L 3N
FORMAT (°* DIMENSION ERROR IN ADO NAZ?,216,S5X,°NB3’,216) ANDOO14C
RETURN a0NO0N1SO

i L o I . ADDOO1 6"
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SUBROUTINE SUBT(A,NA,B,NB,C,NC) SURNNOL N
' IMPLICIT REAL#A (AwW,0e2) sygoooc
F] DIVMENSION A(1),B8(1),CC1),NAC2),NB(2),NC(2) suBo0NnNa3N
3 TFr(NAC1) MENB(1)),0R,(NA(2),NE,NB(2))) GO TO 999 sSURONOUD
‘ NCC1)aNa(1) T T T T T T T T T TR0 0050
el NC(2)3NAC(2) SUB0NO&N
& ___ L3NA(1)wNAC(2) o susoo0o?N
‘ IFC NA(L) LT, § LOR, L (LT, 1t ) GO TD 999 T SURB000ARC
00 300 Isy,L SUR0NNGO
9_ _300_C(IVsa(IyeBCT) o L suanninn
' GO TO 1000 TTTTTTTTTTTTT T T T susoo0t1 e
! 999 caALL LNCNT (1) suRoot2n
¢ _ . _ ARITE(6,50) NA,NB SURNN1 3N
13 S0 FORMAT (* DIMENSION ERRO? IN SUBT NAR’,216,5X,*°NBs’,218) 3uRNO0t YN
‘ 1000 RETURN SuUB001SN
® ____ _ENO_ e _ e . 8uBON0 16O
i |
i g

e S A e ot or i




2 DIMENSION A(1),B8(1),CC1),NAC2),NB(2),NC(2)
B Y. _ . NCC1) 3 NACY) e
m NC(2) 3 NR(2) T
5 IF(NAC2) NENB(1)) GO TO 999
6 _ NAR s NA(1) e L
7 NAC ® NA(2) S )
8 NRC = NB(2)
.9 _NAAaNARNAC _ e
.0 NBRENARSNRC T T o T T
X 1F ¢ NAR LT, { ,OR, NAA LT, 1| ,OR, NBB LT, | ) GO TO 999
12 IR =0
13 IM3eNAC
14 no 350 Xs31,NBC
_AS_ . Ix = [K « NAC et e e
1o DO 350 Jaf,NaR ' ST
17 IRIIR+
18 1esIk _— S - -
19 118JeNAR
20 Viz0,0
21 _ .. DO_300 l=1,NAC _ e
22 JI 3 JI « NAR Toor T o
23 IRz IR+
24 . visa(Jn) i B e
2S V438 (18) I
26 va2avisVvdiy
27 . _Visvieve oo
28 350 CONTINUE T T e e e
29 CCIR)=VY
30 350 CONTINUE e
31 GO TO 1000 - T - o
12 999 CALL LNCNT (1)
.33 __WRITE(6,500) (NACI),I=1,2),(NB(I),I21,2)
] 34 500 FORMAT (* ODIMENSION ERROR IN MULT NA=*,216,5%, 'NR=",218)
35 1000 RETURN
36 END ] .

SURRNOUTINE MULT(A,NA,8,NB,C,NC)
IMPLICIT REAL*8 (AwM,0e?)

A-13

MULO00OY
MUL000?
vyLooon?
MUL0094d

ToMULo000S

wL0Noe
MUL0007?
MULONOR
MUL 0009
MyLoo0tn
MULO0O1 !
MyLnNng?
MyLootd
MUL0NOY
MULOOIS
MULOO0Y -
TMULONY 7
MyLo001"®
MULoo1 e
My o002
MULN02
MULO00Z2

T TMyLoaoe:

MyLone-
MyLon2<
MULO0O2+
MuLongs
MULone -

- MyLoo02-

MULO0O03
MUL0NO3 !
MULO0OY:
MULO0O0T
MULNOT.

UM 003

MULOO S,
MULNO3

E




MAXQ00NO0Y:

0 _ SURROUTINE MAXEL (4,NA,ELMAX)
'x IMPLICIT REAL#B (AwH,0e) MAX0002
2 DIMENSION AC1),NAC2) MAX0003
3 C _ o _ o MAXO0O0U
'a N 3 NA(1)eNA(2) - -ooTrrTmem T T MAXO060S
S C MAX000&
_&.. _ _ ELMAX 3 DABSC ACY)) _ MAX0007
, 7 DO 100 I s 2,N CTooTrTTTm T - MAXQO00FR
, ' R ELMAXT = DARSC A(1) ) MAX 0009
o9 _IFCELMAXTGT ELMAX) ELMAXZELMAXT -
10 100 CONTINUE o Max0011
'11 c wax001?
12 RETURN e MAX0013
} lt! END T o MAX0014
)
, 1
| R, e
[
)
o
]
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0 __ SURRAOUTINE NORMS(MAXRON.M.NoﬂoIOPT;RLNORM)
1 IMPLICIT REALWZA (AeM,0e2)
2 ODIMENSTION A(1)
'a C INITIALIZATION
S C
. 6 ____ . __RUNORMBO,
7 SUMsQ,
la I3eMAXROW
S B < e o -
10 C TRANSFER TQ APPRQPRIATE LOOP TO COMPUTE THE DESIRED NORM
(1 ¢
"a IF(10PT«2)5,20,30 o N
13 ¢C
16 C THIS LOOP COMPUTES THE ONE=NORM
lu.n. e
16 S NO 1S K=sy,N
17 IsIeMAXROW
SR8 . DO 10 Jsy,M e -
19 Lsled

20 10 SUM30ABS(A(L))+3UM
B -3 SR IF (UM GT RLNORM)RLNORMaSUM
22 1S Sumsaon,

- s 0+ . e W . e (s e P e

23 RE TURN
a4 C . . o . .
25 C THIS LOOP COMPUTES THE EUCLIDEAN NORM
26 C
el .20 0Q 28 X=3L,N_
{ 2n Tal+MAXROW
# 29 00 25 J=1,M
30... Leled I e
31 SumMsaA (L)

32 25 RLNORM3SUM#SUMSRLNORM

- 33 . _RLNORMaDSQRRT(RLMORMY R
34 RETURN
l 35 ¢
¥ 36.C THIS LOOP COMPUTES THE INFINITYeNORM _
37 C
18 30 D0 40 Jsi,M
l 39 . __ Lsled e
40 D0 3§ k=1 ,N
41 LaLe+MAXROW
l,ua 35 SUM=0ABS(AC(L))+SUM L
a3 IF(SUM,GT ,RLNURM)RLNORMSSUM
44 49 SuMs0,0
§.45 . RETURN e o _
l 46 END

. e— e e .

NOROOOY
NORNON2
NOROOOT
NORQOOU
NOROOOS
NOROOO&
NOROOO?
NOROOOR
NOROQNOQ
NOROOY O

“NOROO1!

NOROOt?
NORQO1 Y
NORQOOY
NORQNOY &
NOROO1 &
NOR0OY 7
NOROQOOQ ~
NNRQON1®
NOROO2"
NOROO2!
NOROO2¢
NOROQOQ?
NOROQOO2¢
NORQO2S
NOROOZ2¢
NOROO27
NOROONOZ2S

"NORQO2¢

NORNOTI.
NOROOTY
NOROODX/
NOROOY"
NOROO L.
NQRQO T
NOROO Y,
NOROODTY
NOROOR
NOROOY
NORNOU
NORONUY
NOROOU
NOROOU
NOROOU

NOROOU
NOROOU
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0 $JBROUTINE JUXTC(4,NA,B,N8,C,NC)
\ IMPLICIT REAL®8 (AeH,0e2)
2 PIMENSION AC1),8C1),CC1),NAC2),NB(2),NC(2)
.3 IF (NACL)NE.NB(1))_GU YO 600
'u NCC(1)SNACY)
s NCC(2)ENA(2)+NB(2)
'y O LSNA(1YeNA (D) —_— o -
7 NNCENC (1) #NC (2)
.. IFC NAC1) LT, 1 LOR, L LT, 1 ) GO YO 600

S

10
[
2.

)_.GO_T0 600 __

— . LEC NC(2) T, 3.
MSaNA(1)eNA(2)
PO 10 Isy,M8
10 C¢I)=a(l)

13 MASENA(1)eNR(2)

14 00 20 1=y,MAS

(S . _JaMSel e
16 20 C(J)sA(D)

17 RETURN

1A _600_CALL LNCNT(1)

19 WRITE (6,1600) NA,NB

20 1600 FORMAT (* DIMENSION ERROR IN JUXTC,
21 _ RETURN _ L

22 END

. e 4 v s ek e e e . P

NAm’,216,SX,°NR3’,216)

- o W ———— - — . t—— = o m—— i o o a oe e o v

JUux0001
ST Juxnno?
JUux0003
Juxo0o0ou
TJUX000S
JUx000s
JUuxo00o7
S JUX000R
Jux0noe
Jux0010
Juxo011
Jux0012
JUX001 2
Juxootd
JUX001S
JUXN01e

T Juxoot?

Juxoo1e
Juxoeats
Jux0020
Juxo0a21
Juxo00e2

T Juxoo2t

A-16
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- iy
_go0 SUBROUTINE JUXTR(A,NA,B,MN8,C,NC) JUX000!
' MPL *8 (heN,0e7) JUXTU
2 DIMENSION aC1),B(1),CC1),NAC2),NB(2),NC(2) Jux000*
—S IF(NA(2) ,NE NB(2))GO TO 600 JUX000 .
l a NC(2)aNA (D) TOXTUD
S NC(1)sNa(1)+NB(1) Juxono-
6 sNA(1)eNA(2) . Jux000°
i 7 IFC NAC1) LT, § LOR, L LT, 1 ) GO YO 600 JUXJu0 -
8 IFC NC(2) LT, 1 ) GO TO 600 Juxoooc
9 MCASNA(2) JuxX001’
10 MRASNA (1) JUX3071
11 WRBaNA (1) Juxo001:
12 MRCINC (1) JUux00t
13 DO 10 Iat,MCA JUYD01 -
__!tu 00 10 J=mi,MRA Jux001°
15 KeJeMRAn(Te1) JUX001-
16 LsJeMRCH (T el) JUXO01 -
at? 10 CCL)ZA(K) Juxooy:s
—§18 NO 20 Isy,MCA JUX001c«
19 D0 20 J=i,MRB JuXgne2’
20 KaJeMRBe (I=1) Juxoo2:
21 ' LSMRA+J4MRCR (T =]) Juxeoe:
22 20 C(L)3B(K) JUY002
23 RETURN JUX002.
24 600 CALL LNCNT(1) _ Juxoo2
‘zs WRITE(6,1600) NA,NB A JUYO02:
26 1600 FORMAT(’ DIMENSION ERROR IN JUXTR, NA=Z’,216,S5X,°NB=’,216) JUX002°
_ .21 RETURN ' Juxo002:
lae END JOYO 2

A=-17
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0 _ SURROUTINE FACTOR(Q,NQ,D,NO,IQ0P,14C,0UMMY) FACROO!
1 IMALICIT REAL®8 (AeM,0=2) ‘ o v FACO000/
2 DIMENSION QC1),0(¢1),0umMmy (1) FACOOO
_a@ 3._ _ _ _DIMENSION NG(2),ND(2),NOUMC2Y  _ _ _  _ Facoon"
i 4 I0PT 8 2 -t e TRACOONC
S N s NR(L) FACO000~
. b . _M_3 New? L _ FACOOO"
7 NyE 8 M ¢ T T T "~ FACO000*
8 N2 3 N{ ¢ N FACOOD®
9. C_ —_— L e FACOO1 '
10 caLlL EQUATE(Q,NQ,DUMMY,NQ) T TTT T T FRacooy
i caLL SNVDEC(!OPToNoNoN.N.DUMMYoNOS.B.IAC.ZTEST,DUMMV(NH,D,IRANK.AFACOM? |
12 1PLUS, IERR) . e e , FACOO1 -
13 IF¢ IERR ,EQ, 0 ) GO TO 200 T FACOO! - |
14 cALL LNCNT(S) FACON1C
#15. _ __1FC IERR ,GT, 0 ) PRINT 100,IERR _ FACOO1~
16 IF( 1ERR ,EG, =1) PRINT 150,2TEST,IRANK T T T T RACONY T |
17 100 FORMAT(//,°* IN FACTOR , SNVNDEC WAJ FAILED TO CONVERGE TO THE °*,I4,FACOOL- |
18 .  .1°* SINGULAR VALUE AFTER 30 ITERATIONS®) ' FACOO!1" ;
19 150 FORMAT(//,°* IN FACTOR, THE MATRIX Q SURMITTED TO SNVDEC I3 CLOSE TFaCoo02° ;
20 10 A MATRIX OF LOWER RANK USING ZTEST 3 *,D16,8,/,° IF THE ACCURACYFACON2' a
JaL . __2.13 REDUCED __THE RANK MAY ALSO BE_REDUCEN’,/,’ CURRENT RaNK 3°,14)Fac002:c
22 NOUM( 1) 3N T TTRACON0R: 3
23 NOUM(2)8Y FACNO2 ;
424 __ _ 1FCIERR EQ, =1) CALL PRNT(OUMMY(N1),NDUM,dHSNVL,1) ] FaACO02* }
2S 1F¢ lERR ,GT, 0 ) RETURN ’ T T pagcoo2-
26 C FACO002~ ;
gl __200 CONTINUE _ V Facooe- ;
28 NOUM(1) 3 N FAaCO02c j
29 ¢ FACNOTr ;
300 __ D0 250 J 34,N FACNOT!
31 M 3 (Jet)sN ¢ | T T TFACH03C 1
32 w2 s JaN FACOO03®
.33 DO_250_1 3Mt,M2 FAC003. ?
34 K = N2elet T T TTTRaCG0d:
35 L = Nie+Je|d FACOO3~
36 _IF( DumMmy(L) ,EQ, 0,0) GO YO 300 ~ FACONO3Y:
37 DUMMY (K) s DSGRT(DUMMY(L))*DUMMY(]) T T T T U T FACooy:
38 250 CONTINUE FACOO3C
V39, NDUM(2)EN_ S FACOOUC
40 GO TO 350 R ¥ Yol L 'R
41 C FACONUG:
a2 o 300 NOUM(RY 3 J = 1 , e , - FACOOU -
43 350 CONTINUE . T T T T RACOOUL
44 IF( DUMMY(N2) LT, 0,0 ) CALL SCALE(DUMMY(N2),NDUM,DUMMY (N2),NDUM,FACO0U"
f§4s______1=1,0) __ __ ___ . I FACONU+
46 CALL TRAMP (DUMMY (M2),NDUM,D,ND) - o ’ T TUFACo0u
47 C FACOOU:
4g _____IFC 10P EQ, O ) RETURN FACOOUC
49 CALL LNCNT(4) s T T FALONS:
50 PRINT 400 FACHOS"
_.aS1l__ 400 FNRMAT(//,°*® FACTOR Q AS (D _TRANSPQSE)XD °*,/) FACNOS.
52 CALL PRNT(Q,NR,4H Q ,1) R Yol Y/
53 caLlL PRNT(ND,ND,4H D ,1) FACONS
S84 __ . CALL MULT(DUMMY(N2),NDUM,D,ND,DUMMY,NR) FACNNS:
55 CALL PRMT(DUMMY,NQ,4HDTXD, 1) T B T OFACNOS.
S6 C FACOOS®
87 . _RETURN e FACO0S:
!58 END - Ficoons
A-18
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) 0 SUNROUTINE EIGEN(MAX, N, &, ER, EX. 18v, ILv, V, AK, 1ERR) EI1GN00"
' 1 IVPLICIT REAL®8 (AeM,0e2) 16000’
2 OI“ENSION A(MAX,N)ER(N),ET(N),VIMAX,1),NK(N,1) E1G000"
| INTEGER INTC20O L E1G0NO .
4 LOGICAL®1 SELECT(2%) ST T T E1G000°
! 5 C £1GNO0~
5 C PRELIMINARY REDUCTION , £1G000"
. 7¢C ' E1G000-
l A CALL BALANC (MAX,N,4,LO0W, IGH,wK) E16000"
S99 . _ CALL ELMHMES (MAX,N,LOW,IGM,a,INTCL)) €£16001"
10 IV s ISV & ILV £1G00Y "
411 1F (IV ,NE, 0) GO TO 10 E1G001Y .,
12 C ) o i EI1G001
13 € COMPUTE ALL EIGENVALUES AND NO EIGENVECTORS EIGONY ..
14 € E1G0N1-
15 CALL HGR (MAX,N, Ow,IGH,8,ER,EI,IERRY  __~ ~~  _  EIGOOY-
e IF (1ERR ,NE, 0) GO TO 260 €1G001 "
17 00 S Ist,N E1G001*
§18  _ _ wk(l,1) 3 ER(I) . __ _ . _ ) o £1G001"~
$19 wK(1,2) = EICI) E1G002¢
20 WK(T,3) & ER(I)we2 & EI(I)we2 £16002!
(21 .S _ . CONTINUE — e e ... EIGOO2-
22 IC 50 £16002
~a3 GO TO 190 E1G002¢
24 10 CONTINUE e ) . EI16002°
ias c E16002-
2h C SAVE 4 MATRIX FOR INVERSE ITERATION AND INITIALIZE wK(I,d) EIGO02~
21 C___.. _ARRAY WHICH WILL BE_ A LOGICAL ARRAY IN CALLED SUBROUTINES  E1G002°
428 C EIG002¢<
j2o9 0O 20 I=1,N E1G00Y”
30 .- SELECT(I)=,FALSE, . _ _ R . . E16003;
31 Js = EI1G003:
32 IF (1 ,GE, 3) JS 3 lei EI1GNO3
Y33 .. . ___DO 20 J=JS,N e o , EIGO03.
34 AK(T,J¢5) 3 A(1,J) ~ TTFE16003¢
435 20 CONTINUE E1G003-
R3e C . L e _ EI1G0N3"
37 C COMPUTE ALL EIGENVALUES (UNORDERED) TE1600%:
38 € EI16003"
‘30 .. CALL MGR (N,N,LOW,IGH,WK(1,6),ER,EI,IERR)  EIGHOU-
40 IF (IERR ,ME, 0) GO TO 260 EIGONU"
41 DN 30 I=y,N E1G004;
42 . NK(T,3) 3 ER(I)ww2 & EI(I)we2 ~ EIGN0U:
43 30 CONTINUE E16004-
44 IF (ILV ,EG, 0) GO TO 60 EIGANU:
., 45.C __ . L o E1G00U,
!uh c FIND LARGEST ILV EIGENVALUES AND FLAG THEM CE16004:
47 € EI1GONG-

. 48 ____ DO SO I=zy,1LV R F16004
49 P = 1,00 T EI1600S.
gso No 4o Jsi,M . EI1G0NS:
-51. : JIF (wK(J,3) LE, P) GO TQ 46 = o EIGNNS:
52 K 3 J v T 7T E1600S
53 P = wk(J,3) N EIGNOS
Tsu 40 _ CONTINUE S _ G e EIGAAS:
55 SELECT(K)=,TRUE, v EIGOOS.
S6 AR (,T) 2 =AK(K,3) <, £1600S"
857 S0 _CONTINUE i S ‘ 9 o ET600S,
58 IF (EI(X) ,EQ, 0,) GO TO 60 7 ' F1G0ne
59 IF (EI(K) ,GT, 0,) GO TO S5 EIG006"
i°° IF (SELECT(Ke1))GD TO 60 E1G0Ns"
Y TLV = ILVel A-19 ETGNNg.

he SELECT(Key)=,TRUE, , FIGONG "




T

83 _ GO TO &0 A L E1G006-~

LY’} $5 CONTINUE FIGNNGE
oS 1P (,NOT SELECT(¥e1)) ILV 3 JLVet EIGNOA~

66 . _80 CONTINUE o o . €E1G0Ne6"
57 1® (I18v ,EQ, 0) GO TO 90 - T/t EIGNONF
%8 C E1G006C
609 C . FPINN SMALLEST 1SV FIGENVALUES AND FLAG THEM FEIGANTC
470 C ‘ o £1G6007"
A DO oS Ist,N E1G0077
2 . . wK(1,3) s OARS(wx(I,3)) __ o . ElGOOT!
13 65 CONTINUE €1G0NT.
14 DN "0 1sy,18V €160N7E
1% . P B { N4 ) o EIGOOT,
78 00 70 J®t,N €16007"
77 1F tak(J,3) ,GE, P) GO TO 70 €16007-
e =2 Jd e E1G007~
79 P & WK(J,3) T T TEIGANAr  §
80 70 CONTINUE €1600R1 1§
Ay _ .. SELECT(¥)sm TRUE, . _ EIGNOR:
82 WK(X,3) 8 1,074 TTE1600A
A3 80 CONTINUE EIGO0A: i
A4___ _ _IF (EL(K) LEQ. 0,) GO TO 90 ___ . . L _El1GOo0A: |
L1 1F (El(x) ,GT, 0,) GO YO 8S E1G00A~ 1§
86 IF (SELECT(Xei)) GO TD 90 £1G00A7
A7 _. . . ISV =3 ISVel e EIGONASR
LL SELECT(K=1)2,TRUE, EIGONAC
89 GO TO 90 €16009°
. .90 _ 8S__CONTINGWE L E16009"'
9 IF (,NOT,SELECT(X*1)) ISV =3 ISve! - T T T T T E16009)
92 90 CONTIMNUE EIG009Q*
931 C o E16009¢
94 C FIND EIGENVECTORS FOR FLAGGED EIGENVALUES ‘ : " ElGo0OSS
95 C E1G009«
96 CALL_INVIT (MAX,N,8,ER,EI1,SELECT,N,M,V,IERR,WK(1,6),WK(1,3), E160097
97 1 WK (1,5)) I S 41 I R L |
gee c E160n9c §
199 € AACK TRANSFORM E[GENVECTORS TO ORIGINAL MATRIX ‘ E1GO1N"
100 C ' T E16010!'
£01 CALL ELMBAK (MAX,LOW,IGH,A,INT(1) ,M,V) g1go1n; §
loz‘ .. CALL BALRAK (MAX,N,LOW,IGH,AK,M,V) ) E1G6010?
103 C I 3 {1 TS
104 C SEPARPATE FLAGGED EIGENVALUES FROM UNFLAGGED EIGENVALUES EIGO10®
ios c o EIGO10~
L 06 IV = ISV ¢ ILV EIG010~
107 IF (IvV ,LE. N) GO TO 100 EIGO10F
§08 __ JILv 3 NelSV - ‘ ETG010°
ioo Iv 3 N R S € <] K BN
110 100 CONTINMUE ETGOLY"
PR 1C =0 ) ~ o _ _ E1G011°
ixa JC = Iv ' EI1G011"
13 PN 160 I=zt,M FIGO1L.
114 _ _1F_(SELECT(I)) GO TN 120 EIGOtL 1
515 IF (EIC1) GE, 0,) GO'TO 1Y~~~ "7 T "7 N EIGOLY-
316 IF (SFLECT(I=1)) GO TO 20 EIGO011°
117 110 CONTINUE o EIGO11 -
118 JC = JCet - = ' ' EIGO11 "
i,q WK (JC,1) 3 ER(D) E1G012-
120 WK (JC,2) = EICI) o E1GN12"
121 «C = JC T - EIGN12:
ﬁaz 60 T0 130 FIGNL2:
|23 120 CONTINUE E16012.
124 IC = IC+t A=20 EIGNAYL2C

25 WK(IC,1) = ER(D) EIGN12-




L
126 aR(IC,2) = EI(D) E1G6012°
§27 nC s IC £16012
28 130 CONTINUE €1G012°
129 | NN (KC,3) 8 ER(J)ee2 o EI(1)e0e2 o B €1G601}
L£30 1S5S0 CONTINUE EIGOH1 Y
!sa c E16013,
132 ¢ NOWMALIZE VECTORS TO UNIT LENGTW AND STORE FOR RECRDERING €16013°
133 C EIGO1Y.
234 .0 £16013¢
38 181 CONTINVE o €16013+
136 J s Jet €1601%"
¢ 17 1P (wK(J,2) NE, 0,) GO TO 1S4 €16013"
!35 UM = 0, ] EI1GO1Y
39 no 182 Isi,N €1G6014r
| 4n SUM 8 SUM ¢ V(L,J)ew2 E1GOL Y
f iat 152 CONTINUE e . L L EI16014’
142 IF (SUM _ER, N,) GO TO 1S58 €1G014° 3
143 S'iM & DSNRT(SUM) €1G6014’ '
44 nO 1S3 lsy,N ) E1G6014c
us wr(l,Jed) = V(I,J)/8UuM £16014~
, {46 153 CONTINUE E16014°
r 47, .. GO TO 1S8 . . o EIGO1d~
; 48 1S4 CNHANTINUE €16014d°¢
» 49 JP1 3 Jef €160130
150 M 3 0, , L ) EIGOLS"
St NO 1€S Isy,N EIGO1S/
52 SUM 3 SUM ¢ V(I,J)ww2 & V(I,JP1)ww2 EIGO1ST
153 155 CONTINUE s EIGN1S-
sS4 IF (Su™ ,EQ, 0,) GO TO 1S7 o EIGN1SE
55 SUM 3 DSQRT (SUM) EIGO1S~
‘96 __. . DO 1S6 ls=t,N o S o ] E1601S?
157 WK (T,Jed) & V(I,J)/8UM - EI1G01S~
58 WK (1,JeS) = V(I,JP1)/8Um EIGOISH
. 189 1S6 CONTINUE _ e EIGO16C
160 1S7 CONTINUE T T EIGOlA!
61 J 3 JP} EIGNL6P
82 1S8 CNNTINUE o ) ) E1GN1A:
163 IF (J LT, IV) GO TO 1S} EIGO1m.
164 IC 3 0 EIGOYe:
| 65 LC =0 . L o o _E1G01A~
66 IF (ISvV ,ER, 0) GO TO 190 E1G6016~
167 C EIRNLAA
‘6R C ORNER SMALLEST ISV EIGENVALUES AND EIGENVECTORS FOR QUTPUT E16016°
l69 € N E1GOY17~
170 00 190 Is31,IS8V EIGO1T!
171 . P =2 1,.ND74 L o , S 4 EIGN1T?
72 00 160 J=1,1V E16017%
‘73 IF (wx(J,3) ,GE, P) GO TO 160 EIGO1 7.
174 _ . K = J o , ~ , £16017¢<
14 P 3 wk(J,3) EIGOY1 T~
76 160 CONTINUE E16017°
177 _ IC 3 ICe+t ) ol o o EI1GN17e :
178 LC = LC»1 ~ EIGO17® ;
19 ER(IC) = wK(K,1) E1GO014ar
_LRO EICICY = AKX (K,2) o o ) EIGH1R:
1814 nO 170 J=1,N EIGO1A;
82 V(J,LECY = wK(J,X+d) F15018:
83 170 CONTINUE o , _ EIGO1A.
184 wk(K,3) 3 1,074 ’ © 7 ElG6NtAac
188 180 CONTINUE ETGO1A-
Reé 190 COMTINUE FIGNYR"
L7 1F IV ,EQ, N) GO TO 22¢ E1GNyAT
188 € A-21 _ E1G0ta~

ol




9 C
90 C
191

2°2.
k:
%4

199

L
97

198 _
&99
00
201

02
3
04 .

20%
0e
07._C

208 C

ell
212
13 .
14
21s
NLL
17
ciA
219
20
21
222 .
-]
24
22%.
cee
27
.28

N9 C
i

200

210
220

230

240
250

260

,IU'.N.IV

_END

NePNFR YMFLAGGEN EIGENVALUES FOR QUTPUT
IVl 8 IVel

NO 210 I=t,IUF
P = {,074
_ DO 200 JsIViI N _ i
1P (wk(J,3) ,GE, P) GO TO 200
XK = J
P m NK(J,)
CONTINUE
IC = ICe+t
ER(ICY = AK(X,1)
EI1(IC) 8 AX(K,2)
wK(x,3) s {1,074
CONTINUE
COMNTINUE
TF (ILV

.EQ, 0) GC TN 260

ORNER LAWGEST ILV EIGENVALUES AND EIGENVECTORS FOR QUTPUT

NO 2%0 I=mf,ILV
P s {,074
00 230 Jsi,1V
IF (wKk(J,3) ,GE, P)_GO TO _ 230
K = J
P = wK(J,3)
__ _CONTINUE
IC = IC+
LC 3 LCe+1
ER(IC) = WK(K,1)
EICIC) = WK (K,2)
DO 240 J3i,N

V(J,LC) = AK(J,Ked)
CONTINUE
WK (K,3) s {,074
CONTINUE
CONTINUE
RETIRN

A=22

EIRNLO”
EI1G019"
16019
€16019
EI16019-
E1G019¢
€1G019-
€16019°
EIGN19~
g16019°
EI1G029°
E1Go29:
E1G020 -
E1G029 ¢
E1G0290..
£1G6020¢
TEIGO20+~
€1G020°
EIG020¢%
FI16020°
EIGO2Y’
EI1G021!
TFI1G02Y 7
FI1G021°
El1Go2t .
EIGO21 -
E1G021+~
EIGO2Y™
FI1G021 =
ElIGO21 <
EIGO2=2"
ElG022!
EI1G6022°7
E1602°%

T T TElG022:

E16022<
16022+
160227
E16022=
E1G022°
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a0 SUBROUTINE SYMPDOS (MAXN,N,A,NRWS,B,10PT,1FAC,DETERM, ISCALE,P,lERR)SYVONO
5 1 TWBLTCTT AEALeS (Aew,0=7) RALLLL
e OIMENSION A(MAXN,N),B(MAXN,NRKHS),P(N) SYMOOO
3C SYMO0N
' m DATA R{,R2/1,00¢75,1,007%/ AL
S C SYM000
6 C TEST FOR A SCALAR MATRIX (IF COEFFICIENT MATRIX I8 A SYMQ00
7¢C SCALAR== SOLVE ANDO COMPUYE DETERMINANY IF DESIREUY  §y~o00n:
i 8 IERR 8 0 SYMOOO"
9 NMl & Nej SYM001
10 IF (NM] ,GT, 0) GO TN 20 EAALLR
t1 € SYMOO1 .
1 IFC AC1,1) LLE, 0,0 ) TERR = | SYM001
13 ISCALE = 0 AL LK
14 DETER™ = A(1,1) . SYMO01 -
_R1s PC1) = 1,0/A(1,1) SYMOO1 -
) DO 10 Jsi,NRHS SY7001
1 4 8(1,J) = B(1,J)/DETERXM SYMNO1*¢
_Jis8 10 CONTINUE SYM00 ]«
19 RETURN ' EAALDEE
20 C SyYmM002"
_get C TEST TO DETERMINE IF CHOLESKY DECOMPOSITION OF COEFFICIENTSYMOO2.
22 C MATRIX [ —yoTe -
23 20 IF (IFAC ,EG, 1) GO TO 160 SYMO02:
_.24¢c SYMOO2¢
28 C 1NITT‘tTZ!’EETEFwTNIﬁT'EVTtUITTEN‘FIWTMETEHS SYMg02-
26 DETERMs1,0 SYM0027
27 ISCALE=0 SYMOO2°F
g28 C LR AL LA
fas ¢ *LO00P°* TO PERFORM CHOLESKY DECOMPOSTION ON THE COEFe SYMQO 3’
30 C FICIENT MATRIX A (l.E, MATRIX A WILL BE DECOMPOSED INTO  8SYMOO3!
31 C THE PRODUCT OF A UNIT LOWER TRYANGUUAR MAYRIX (LY, % SVNOO03:
2 C DIAGONAL MATRIX (D), AND THE TRANSPOSE OF L (LTRANSPOSE),)SYMOO3-
313 € SYM003.
34 T0 DO 150 I=1,N SYMUO3c
15 IM1 3 Jet SYM001+
436 C _ sSymMa0ys
37 Do 150 J=y,1 ' JYMG03
38 X = ACJ,1) SyYMOO3c
_ B39 ¢C SYMOOUr
40 C DETERMINE IF ELEVMENTS ARE ABOVE OR BELOW YHE DIACUNAL ~ SYV§OU)
41 IF (1 .GT, J) GO TO 110 SYM004;
42 C SYMOOU
43 S USING THE DIAGONAL ELEMENYS OF MATRIY A, THIS SECYION  SYVg0uc
as ¢ COMPJTES DIAGONAL MATRIX AND OETERMINES IF MATRIX A I8 SYmMa04us
_als € svvverhlc POSITIVE DEFINITE SYMOO04e
lue “IF (IM} "G, 0) GO YO 50 —SYMO0U 7
S u7 O 40 K=t,IM{ sSymMoour
48 Y 3 AtI,K) SYMONucC
a9 ACI,K) 3 YwP(K) ‘ SYVG0S ¢
50 X = X « YeA(I,K) SYMONS
51 40 CONTINUE SYM0NS;
52 C JYMEOS 2
53 ¢ TEST IF COEFFICIENT MATRIX IS POSITIVE DEFINITE SYM00S.
T 50 IF( X ,LE, 0,0 ) IERR = | SyYMa0se
SS € AR YA
56 C COMPUTE INVERSE OF DIAGONAL MATRIX Daweil = §/P SYMOOS™
®s7 P(I) = 1,0 / X SYMOOS:
S8 C AL DL
59 C TEST TO SEE IF NETERMINANT IS TO BE EVALUATED SYMOO&"
260 IF (10PT ,EQ, 0) GO TO 150 SYMOOG
61 C —SYMOB%
62 C A-23 SYMQ0632
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AETRRRRRSISIEIR

= - . —
_g’ C SCALE THE DETERMINANT (COMPUTE THE NETERMINANT EVALUATION SYMOQ)64
6d C PARAMETERS DETERM ANN ISCALE) —SYMJOARS
65 PIVOT] =X SYMNose
] 60 IF(DABS(PETERM),LT,R1) GO TO 70 YymMone?
6 DETERM 3 DETERMeR? B AL DY)
h8 ISCALE = [SCALE+t SYMNN69
b3 GO TO 60 SYMQ0070
7 70 IF(DARS(DETERM),GT . R2) GO YO 80 SYNOO T
T1 DETERM = DETEQMaR] SYM0Q072
J2 JSCALE 3 ISCALEet SYMOO73
7 GO TO0 70 LAADIRL]
LAt 80 IF(NDARS(PIVOTI) ,LT,R1) GO TO 90 3YMQ07S
18 PIVOTI a FIVOTI#«R? SYMNO76
? 1SCALE s ISCALE+t AR DI RAS
7§ GO TO A0 Symo078
78 90 IF(DABS(PIVOTI),GT,R2) GO TO 100 sSymoo079
7 PIVOTI = PIVOT]I«RY MADILE)
si [SCALE 3 ISCALE=] syMoo0a1
8 GO TO0 9n _ SYMQ0R2
a2 100 DETERM 3 NETERM»PIVOTI MALLDER
8 GO TO 150 SrMo084
88 c SYMG08S
RS C SYYOURE
8« C USING THE LOWER TRIANGULAR ELEMENTS OF MATRIX A, SYMQGRY?
_ﬂi c SECTION COMPUTES THE UNIT LOWER TRIANGULAR MATRIX SYMOORA
8¢ 110 UMt 8 Jet SYNOO8Y
89 IF (JMY EQ, 0) GO TO 140 SYM0090
of DO 120 Kzi,JIM1 SYM0091
°x X 2 X e A(I,K)eA(J,K) SYMNO9?
92 120 CONTINUE SYymM009%
9 C SYMON9U
9 140 A(I,J) = X SYNON9S
95 C SYM00964
96 150 CONTINUE SYM0097
°i c SYYOO9R
9% C SECTION TO APPLY BACK SUBSTITUTION TO SOLVE L#Y = 3 FOR SYMQ099
99 C UNIT LOWER TRIANGULAR MATRIX AND CONSTANT COLUMN VECTOR B 8SYM010Q0
10§ C — SYMOTOT
10 160 IF( IFAC ,EQ, 2 ) RETURN SYMO102
102 00 180 I=2,N Symoi10%
10 IMizs]e] —SYWNTOd
loi C SYM010S
108 N0 180 J={,NRNS SYMO106
106 X = B(I,J) SYMOTOT
10§ C Symo108
1_0_1 NO 170 k=i,IM1 SYM0109
109 Y s X = A(I,)*R(K,J) SAADI R I
it 170 CONTINUE SYMn11y
l_l_i c _ SYMO112
(1 B(I,J) = X SYWITI3
{13 180 CONTINUE SYMOt 14
1§ C SymMo011§
18 C SECTION YO SOLVE (LTRANSROSEY#*XY = (Dexsl)*Y FON TRAVSPUSE SYYOTTS
(16 C OF UNIT LOWER TRIANGULAR MATRIX AND INVERSE OF DIAGONAL SYMO117
AL C MATRIX SYMO11R
19 C —SYYUTTC
R Y = P(N) T Symnyac
.20 NO 190 J=1,NAHS T SYMN1 2y
.a—g R(N,J) = B(N,J)*Y RTINS RAA L AW
2 190 CONTINUE Ty Syvmny2:
.23 C SYMO ¢
2 200 1 = NMieg A~-24 SYMaT 2

Y = P(NMY) SYvat 2,




y
;
i
:
3
]
i
i
j

_!._ate ¢ gYMO 1?2
127 D0 220 J=1,NRHS —gyvMale ;
128 X 8 A(NME ,J)eY gymat e

_;.29 c _ SYMO1 ¢ |
. 30 AN 210 XsT,N RAALR IR %
i3i X 3 X » A(K,NM1)eB(K,J) Jymots :

g 32 210 CONTINUE Sym™Mn13
];33 ¢ LA AR
134 BINML,J) = X SymMot

_ 135 220 CONTINUE YMO013
(56 C B AALAR
.37 C SYmMnil
13A C TEST TN DETERMINE IF SOLUTIONS MWAVE REFN DETERMINED FOR SYyM01 3 ;

} 139 € ALL COLUMN VECTORS R AALEE |
ltuo NM{ 2 NMiei SYMO14 ‘
141 IF (NMY ,GT, 0) GO TO 200 Symotu
142 C SYMOTu
lu} QETURM SYMQlU
144 END SYMO1L U

=25

T
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' 0
1
2
l 3 . __1ERRm0 _ _
4 C
S C
6 C._
|-
8
.
'10
11 10 NMisNet
12 C
13 C
1¢ C
18 __IF(NML,.GT
16
17 on 20 Isy,

SUBRNUTINF GELIM(NMAX,N,A,NRHS,B,IPIVOT, IFAC,wK, JERR)
IMPLICIT REAL*A (AeN,Qe7)
DIMENSION A(NMAX,1),B(NMAX,1),IPIVOT(1),WK (1)

TEST FOR L/U FACTORIZATION

1F(IFAC.EQ,1)GO TO 10

CALL CETFAC(NMAX,N,A,IPIVOT,IFAC,DETERM, ISCALE,WK,IERR)
IF(IEWR;GY 0)RETURN

TEST FOR SCALAR A MATRIX

«0)GO TO 40

IFCA(1,1),E0,0,)60 TO 30

NRHS

18 _20_8(€1,1)=8(1,1)/401,1)

19 IF (IFAC,EQ,2) WK(1)3DETA
20 RETURN
20 __ % IERRSY ..
22 RETURN
23 C
24 . _4n DO 100 M=y ,NRMS i o
s C
26 C PIVOT THE MeTH COLUMN OF B MATRIX
jar.¢c SR
j 28 PO S0 T31,NM{
29 KISTPIVOT(I)
« 30 PR (KT ,M) —— . e
31 R(KI,MISR(I,M)
32 S0 R(I,M)=P
. . B S e e -
34 € FORWARD SUBSTITUTION
1s C
36 WK(1)2R(1,M) _— -
37 C
38 0O 70 I=2,N
.39 _ . IMislet e e e e
40 P=20,0
! 41 NN 60 K=1, M|
®d2 60 PaPea(I,K)eWK(K) ) o
43 70 WK(I)3B(I,M)eP
4a C
Bos o _sack suestrturron
4o C
47 RIN,M) WK (N) /A (N,N)
iua c
49 DO 90 J=1,NM{
50 [3N=J
St _ IPi=I+t i e
52 PEWK(I) o
S3 N0 30 K3IPi,N
S4 B0 P=PeA(],K)#R(K,M) )
SS 90 R(I,M)=P/A(I,]) ) -
56 C
§7 100 CONTINUE
S8 IF (IFAC,EQ,2) NK(1)=DETA
59 RFTIHAN
60 END
A-26

GELOON
GELOON
GELO0OO
GELOON

" GELNOO

GELOOO:
GELOOO
GELO0M0
GELOOO

GELOO1

GELON1
GELOO!
GELD0}
GELOO1
GELOO1L®

GELOOY

GELOOU

_ GELOOY:

GELOO1
GELOOZ

TGELOND

GEL
GELO °

"GELOO¢

GELOOZC
GELOOZ2*
GELON2®
GELQO2®
GELOOZ2
GELOO3Y
GELOOT"
GELOOY!
GELOOT”
GELO0O3Y.
GELOO3Z:
GELO0O3-
GELONY-
GELOOY:

GELOOY

GELNOUY
GELNOU"
GELNOU.
GELOOU:
GELOOM

- GELNOuc

GELONU-
GELOOU
GELOOY:
GELOOU-
GELOOS.
BELNOS:
GELONR.
GELOO0S

GELOOS

GELOOS:
GELODOS,

GELOONS"
GELNOS:

Sl 57 S RSB
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l 0o S1URROUTINE SNVDEC(TOP,MD,ND,™,N,4,NOS,R,1AC,2TEST,Q,V,IRANK,APLLIS,SNVO0N
1 11ERR) ' SNVOOO
2 IVPLICIT REAL#8 (dek,0=2) SNVOOO

& 3 LOGICAL WITHU,AITHY o SNVOON
' 4 DIMENSION A(MD,N),V(ND,N),Q(N),E(150) CTTTTT T TT T TTTT T TT8NVo00
s NIMENSION 8(MD,NOS),APLUSIND,M) SNVAHO0N

6 C . o o o SNVoon

I 7¢ ot SNV000
ac TEST FOR SCALAR OR VECTOR A SNVOOO

9 C i e SNVOO 1!
10 IF(C N ,GE, 2 ) GO TO 3000 TTTTT8NVOOY
11 C SNVOOt
12 1ERR 3 0 ) . SNVONL
13 ITEST 3 {0 ,#w(=IAC) SNVOOL
14 SuUM = 0,0 SNVOO 1
1S._. . 0Q 1000 I=i,M e SNVOO 1
16 SUM B SUM ¢ A(I,1)#A(I,1) . T 8NVO0O1
17 1000 CONTINUE SNVOO 1
18 .. 8uUM 3 DSART(SUM) e e o . SNVOO 1
19 IRANK = ¢ ’ - SNVO0O02
20 IF( SUM ,GT, ZTEST ) IRANK =3 | SNVNOoZ2
21, . Q)3 SUM e SNV002
22 C B T SNVOn2
23 tF( 10P ,EQ, 1) RETURN SNVO0O02
24 Vei,1) .8 1,0 o L _ SNVQ02'
25 IF¢ IRANK LEQ, 0 ) GO TO 1200 8NVHO 2
26 NO 1100 1 =§,M SNV0O02
27 .. . ACI.l) 3 A(Ql,td/8UM. o oo o SNVO0n2
2R 1100 CONTINUE T T 8NvVOn2
29 GO TO 1309 SNVOoO
30 _1200 CONTINUE. _ e e o SNV0O03
31 A(1,1) = 1,0 SNVO0O3
32 1300 CONTINUE SNVoo3
3 G SNVO0O3
34 IF( I0P L,EG, 2 ) RETURN T 8NVOOTY
IS IFC I0P ,EQ, 4 ) GO TO 1850 SNV0OO03
.36 IF( IRANK LEQ, 0 ) GO TO 1600 o SNVOO03
317 DO 1500 J = {,NOS SHV0O03
38 220 SNV0O 3
39 . ._ DO 1400 I = {,M e SNVOOuU
40 2 =2 + A(I,1)*B(1,J)/7S5UM™ B SNVAOY
41 1400 CONTIMUE SNVOnY
42 . R,y =7 e o ) SNvoO0U
43 1500 CONTINUE "8NVONU
44 GO TO 1800 SNVOOU
45 1600 _CONTINUE L _ e SNVOOUY
4e PO 1700 J =1,NOS TT8NVONU
47 9¢1,J) = 0,0 SNVOOU
48 1700 CNANTINUF ) _ B _ SNVOOU
49 1800 CONTINUE sNVooOs
50 C SNV00S
S{__. _ _IFCIOP ER, 3 ) RETURN. SNV0O0S
S2 1850 CONTINUE sSMvVQas
53 IF( IRANK LEQ@, 0 ) GO TO 2000 SNV0OOS
54 NN 1900 T =2{,™ i . SNV 005
5% APLUSC(1,T) = A(T,1)/8UM SNVONS
S6 1900 CONTINUE INVONS
ST ... RETURN _ . i o SNVoOnS
S8 2000 CONTINUE o SNVONS
i 59 NO 2100 I=s1,M SNVNO&
S 61 2100 CONTINUE SNVOOA
] 62 RETURN SNVOOK

e s il

3

3
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-
6§ C . . _ . o - SNVANe
64 C INVOOSs
65 3009 COMTINUE INVOO A
66_C___ . .. . e e e SNVOne
67 C Tt T T T T Tt T T gNvnoA
68 € SNVONe
69. _____ TOL=31,0Dee0d _ . L snvoon?
79 S12E=20,0 ) . §NVOOT
Tt MPlaNe 3INveo?
S A S o — e L SNVO97
73 C COMPUTE THE E«NORM OF MATRIX A AS ZERO TEST FOR SINGULAR VALUFS. SNV0O7?
74 C SNVQOO7
1S . Sumso .0 . ) o SNVO0O07
76 00 S00 Ist,™ SNVOO7
7 00 S00 J=1,M SNVOO?
WIR__ .S00 SUM 8 SUM ¢ A(I,J)ee2 SNVO07
79 ZTEST = DSQRT(SUM) ’ o SNVOOR
80 ZTEST & ZTEST#10,#s(=lAC) SNVOOR
<lﬁ1mcumq",”m___ R e SNVOOA
B2 S10 IF (lOP,NE.,1 ) GO TO SiS T 8NVONR
a3 wITHU=,FALSE, SNVOOR
B4 __ WITWV3 FALSE, e 3NVOOR
8s GO TO 520 o T T TUgNV 00 R
Rs S1S ~ITWU=2,TRUE, SNVOOR
BAT.. . _ . WITWVS TRUE, = _ L SNVOOR
88 $20 CONTINUE T ’ " SNVOOA
89 G 30,0 INVOOS :
.90 __xs 0,0 L SNV009 i
BX 0 30 I 3 1,N T e s UGNy 000
92 C SNVOO09 5
.93 C = HOUSEHOLDER REDUCTION TO BIDIAGONAL FORM, SNVONQ .
94 C T T T T T T SNVONS
9sS E(I) 3 G SNVONO. 1
.96 8= 0,0 . 8NVO0e 7
97 L = I+t T LTI T T T gNvene i
98 C SNVO0NS 3
99 C  ANNIHILATE THE T«TH COLUMN BELOW DIAGONAL, snvote
100 C T ‘ gNvVOoLn
nt DO 3 J 2 I,M SNVO1LN ‘-
02._ 38 3 8 + ACJ,I)ww2 o SNVOotA
103 G = 0,0 T T 8SNVALA -
104 1F(S LT, TOL) GO TO t0 SNVOLN
0S 3 DSART(S) ) o SNVOLD
L06 F = A(L,I1) ' - SNVO1O
107 1F(F ,GE, 0,0) G 3 =G snNyaLA
Joe___ H. = F«6 -8 SNVOto
09 ACI,I) =2 FeG T T T T T T TSN 6
110 IFCI LEQ, N) GO TN 10 SNVO11
FEs s PO 9 J = L,N ) SNVO1
iia 8 30,0 T INVO1 Y
13 D0 7 K = I,M SNVO1 Y
114 7 _ S 3 8 +4(K,I)%a(K,J) o SNVO1L
lls F 2 S/H o T SNVt
) DO A w = I,v SNVO1L Y
117 8 A(k,J) =A(K,J) ¢ Fed(K,I) ) SNVNY Y
18 9 CONTINUE T T SNVAT Y
‘19 19 9(l) = 6 SNVOY2
120 _IFCI LEQG, N) 6O TD 20 4 o INYOL 2
21 C T e e e o S SNYALD
‘za o ANNIMILATE THE JeTH ROW TO RIGHT OF SUPFReDIAG, SNVO12
123 C SNVNL 2
124 S = 0,9 ‘ SNVO1L 2
l.as no 1t J = LN A-28 ' 3NVDL2




.

39
B
LD S

142

43
s da
145

46
i“7-C..
.48 C

149 C
50 .
S
152
153
84
S8
156
57
58
_159
‘60
61
NY-re
163
6d
695
164
-
68
169
179
T .
L 72 C
173 C
74 C
78
176
177
78
279
180
81
l::
- 183
124

H
{R7

iﬂ%

.32 . V(J,T1) 3 A(L,J)/H

40 L = 1

11 8 3 8 ¢ A(L,J)ne2

G = 0,0
IF (S LT, TOL)
G s OSGRT(S)
F 3 A(',IO!)
IF(F LE, 0,0) G 8 <G
M 3 FaR =8 .
A(I,I¢1) 2 F « G
DO 1S J = L,N
1S .. E(J) = A(I,J)/™
no 19 J 3 (M
S = 0,0
NO {6 ¥ 3 [ ,N )
16 S =2 8 ¢ A(J,K) » A(I,X)
00 17 kK 3 | ,N

GO T0 20

AT ACJeK) 3 ACJ,K) & SeE(K)

19  CONTINUE
20 Y = DARS(A(I)) + DARS(E(I))
_IF QY 6T, SIZE) SIZE = Vv
30 CONTINUE
IF( NOT, NITHV) GO TO 41

ACCUMULATION OF RIGWT TRANSFORMATIONS, =

DO 4n 11 = 1,N
I 2 NPl = 11
IFCI ER, N) 60 TO 1319

W 2 A(T,141)+G
DO 32 J 3 L,N

PO 36 J 3 L,N
S 30,0
_D0 33 x = L,N -
33 S 3 8§ « A(I,%)*V(X,J)
NN 34 K = L,N,
34 V(X,J) = V(K,J) & Sav(X,I)
36 CNNTINUE
37 00 38 J = L

- )
38 v(J,I)
39 v(I,I)

(

41 CONTINUE

ACCUMULATION OF LEFT TRANSFORMATIONS,

D 52 I1 = 1,N

1 = NPt eI
L 31 + 1
6 = (1)

IFCT ,EQ, M) GO TO 43
DO 42 J = L,N
42 a(l,J) = 0,0
4% CNNTINUE
IF(G LEQG, 0,0) GO TO 49
IF(I ,EQ, N) 60 70 47

M o= AC1,1)+G

DO 4k J = LN

S = 0,0

NO 44 % = {,M

IF(G_,EQ, 0,0) _ GG YO 37

IF(.NOT, WITWU) GO TQ S3__

A-29

INVOL Y

SNVO1SS

TRNVOL 6

sSNvot e
SNVOL P
SNVO1S
ST AR
SNVt
INVOL Y
SNVN1LY
SNVO1}
SNVOLY
SNVOLd

" 8NVOoLY

3NVARLY
SNVA1 Y
SNYOL Y
SMVO01Ld
SNVO14 g
SNVOtY :
SNVO1Ld
SNVO1L U
SNVO1dY
SNVO1U
SNVO1td

SNVO1S
SNVOLS
SNVAtLSs
SNVO1LS
SNVOLS:

SNVOt1S:
SNVO1 S’
SNVOLS:
SNV 218«
SNVOL A

SNVO16.
SNVO1t e 5 )
SNVO16 .
SNVO1et i
SNVNY A :
SNVO1 A i
SNVAYL 6 .
SNVOtie
SNVOLY
SNVOL T
SNVAHL T
SNVAY TS
SNVNLY
SNVOL T
SNVO1T.
SMVOY T
SNVOLY
SMVOLTY
SNVH1a:
]NVQYLA:
SNVNR:
SNVNLR
SNVNLA
SNVOL s
SNVt R
SNVOIR-
SNVOLR.
s&,volﬂ,

-

T




89 _
B
91

192
e °3
god
195,

9¢
lw
_noa _.

199
0o
01

202 C

‘03 o
N4 C
0s

206
07

08
209 C
’i0 C

¢l

ill‘
14
1S

2le_

39 L

ds
47
L

49

$0.

51
52
- 93

62
63

69

oo MIsLed

S 83 9§ ¢ A(X,I)ea(K,])
F 8 3/k

NO 4SS XK = I,“

A(K,J) 3 A(K,J) «_ FeA(K,1) _ _
CONTINUE

PN 48 J s [,M
A(J,1) = A(J,1)/6G
0O TO St
N0 S0 J =
a(J,1) s
ACI,I1) =
CANT INUE
CONTINUE

M

.!7 + 1,0

 c—————— e vw. e R e 1 e ceme ke e waa

I,
0,0
ACl

NTAGONALTZATION OF BIDIAGONAL PORM,

DO 100 Khei,N
KNP oKX

_._ITCNT20
KP§aKe

TEST F SPLITTING,

CONTINUE

DN 60 LL=31,K
LekPlell
IF((SIZE+DARSCE(L)))ER,SIZE)

G0 TO &4

IF((STZE+DARS(QACLM1))) . EQ,SIZE) GO TO &1
CONTINUE

CONCELLATION OF ECL) IF L 6T, t.

C=0,0

T 8NVOLQ

S=1,0
Lislet
NO 63 T=2L,K
F=S#E(])
EC(I)SC#E(])
IF((SIZE+DABS(F)),EA,SIZE) 50 TO &4
6=2q(1)
B(I1)SNSART(FaF+G»G)
H=Q(I1)
CaG/H
S3eF/H
TF(GNOT,WITHU]
N0 62 J=1,M
Ysa(J,L1)
234(J,1)
ACJyL1)23Y2CeZn3
ACJ; )3 «YeSeZ»C
COMTINUE

_ 60_T0 63

CONTINUE

TEST F CONVERGENCE,

7=20(X) ) o .
IF(LLEN,K) GO TQ 7S

TFCITCNT LE, 30) 530 TO 65

IFRR = K« “

RETURN A=30

ITCNT s ITCMNT + 1|

SNVO19
SNVt Q
SNVO19
SnvVotLQ

SNVO19
SNVO19Q
SNVO19
SNVO1L9
SNVOLQ

"~ 8Nvoe2n

SNVO20
SnNv020
SNV020
SNVQ20
sNV020

T gNvo20-

§NVO020
SNV026

" T8NV020

SNVO2Y-
SNVO021 -
T 8gNVN2t .
SNVl
SNVN21
SNV021¢
SNVO21-
SNV021Y”
SNVo21Y:
SNVO21¢
SNvVo22”
SNVo22:
SNvaR2:
Snvoe2-
SNVOo22-
SNVO22C
SNVN22-
SNVoR22°
SNVa22
SNVO2PC
SNV
SNVO02Y:
SNVO2YS
INVO2YS
SNV023.
SNV023-

T T8SNVe2%.

SNVOHR Y
SMVQ2:
SMve2l
SMVO024
SNVN2u-
SNVO2u
SNVA24y
SNVA24.
SMvo2ur
SNV02u-
SNVO2U-~
SNVeRu-
SNVN2yc
SNvnes:
SNVQ2s:
SNvo2s:

i
§
o ‘M_m.‘\J

D madsli s cimid.cr &




’'52.C _ 3NV 028
IWS c SHIFT FROM LOWER 2X2, i ) gMyH2S
2SS4 C §NVQ2S
255 . . . x3Q(L) - - . S SNV N2s
'Se YRQ(Ket) o T T T SNVO2S
57 G3E(Key) SNVN2%
. 258 “sE(X) ; ‘ SNVO02S
59 FI((Y-l)t(YOZ)O(G-H)O(Goﬂ))I(Z OwkeY) ) SNVO2+
160 GaDSQRT(FeFe+1,0) SNVO2 6
261 _ . . IF(F.T.0,0) G3=G . snvnee
62 F 3 ((X-Z)'(XOZ)OH'(V/(FOG)-H))/! SNVO2e
(b! C SNVO2A
'od C . ) SnNVO2A
265 C NEXT AR TRANSFORMATION, SNVO2 A
l!bb (o SNVO2e
e7__ . Csi.0 . . SMVO2m
2648 S=1,0 - o o SNVO2ek
769 LPisL ¢! snVn27
fro . o 73 rmenc S SNV027
27y GsE(!) o SNVN27Y
212 YysQ(l) SNV027
1273 . 1 1 T SNV027
74 GsC#6 T TUT T T 8Nve2?
278 2308QRT (FeaFeruk) sMvo2?
6. E(let)=22? - o . ) , , SNVN27
l77 CaF/2 INV027
278 San/2 SNVO27
219 _. FaXx«CeGeS _ e SNVO02R
FIY) Gaex#S+GeC Tt T T T 8NVO2R
Viny MaY e sny 028
282. . _YzaveC ~ o ) SNVA2R
4+R% IF( NOT WITHV) GO T0 70 ' ’ SNVO2R
iy 00 68 Ja{,N sNVo2a:
285 . L X3V(J,lel) o S SNVO2R
256 ZzV(J, 1) T 8NVQRR
§m7 V(J,letl)=X*CeZ*§ SNVH2R
JRA A V(Jsl)sexeS+2+C o , SNVN2s
2R9 oA CONTINUE ' 8NV 29Q
490 C SNV 029
iwl 70  2=30SART(FaFeHed) ) o SNVH209
292 Q(l=11=2 - ’ ) 8NV028
293 CsF/2 SNvVo2Q
g4 ) S=H/2? v L SNyVo29Q:
vas FaCeGeSey T ) SNV029.
296 X2=S*GeCwY SNVO029
iw7 . IR (NOT WITHU) G0 TO 73 ) SNVNIQ:
x98 DO 72 J=1,M ) ’ SNV029¢
299 yeA J,let) SNV 3N
300 , 2=a(Jd, 1) - o SNVO 3N
201 A(J,Te1)sYRCeZ#S ' SNVN30
502 A(J,l)=ev23+74+C SNVATA
303 72  CONTINUE _ L , syvayn
i#0d C - ’ SNVOZA”
08 C 3NVOIN:
306 73 E(LY = 0,0 i ] . SNVO3O
207 F(K)=F Snva3n
@08 R(k)=X SNVO 3N
409 . GO T0 89 S N B SNVN3Y
30 C SNV(CY
11 € CONVERGENCE , SNV
%12 C SNVO3Y ;
313 75 CONTIMUE A-31 SNV §

@14 IF(Z.GE,0,.,0) GO TO 100 ' 3INVNTY L
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3

1
RLY

L3}
31.

31

318 .
i
3 c

121 .
32

32
s24
325
35'
Y

324

32'
30 _.2%0 CONTINVE . L.

3131 C

37
33[ _
33

33§ C
.5 I
1318
3?“\ .
LY
34

W C
L1
345
30
3. ’
348
340 C
3y
3 c

L
¢ N

3!

(v ]
J

3!

[V RV ] [V ]
[V | o n
~ D e - T A - N

e
tﬁ

d N
[
~N -

LL Y )
]
3435

366
3!7
183
369 C
121
331
372
373
slu
85

376

3!7

7@ Y(J oK )32V(J,K)

100

- —

_ Pz Vv(WJ,1)

260

270 CONTINUE

280

290

300

TTIF (10P,LT, 3) RETHRN

120
130

140
150

160

170

N(X)sel
IF( ,NOT AITHYV) GO TO 100
00 76 Jsi,N

CONTINUE

[ERR=0 _

0N 2RO 11s2,N
[3lle}
sl -
P3Q(I)
nn 250 JslI,N

IF (N(J) ,LE,P) GO TO 250
KaJ

P3Q(J)

IF (% ,EQ,T) GO TO 280
A(x) = A(1)
(1) = P

IF(IOPEQ,1) G0O_TO 280 _ =

00 260 Jsi,N

VeJeId3 V(J,K) ST
V(JsK)s P
CONTIVUE

- —— 2 t———— " _——

DG 270 Js=i,M
P = A(J’I)
ACJ, 102 A(J,X)
A(J,x)s P

SNVO3160

" SNVOYLTN

COMTINUE
Jan e,
IF (R(J),GT,ZTESTY GO TN 300
NCJ)=20,0

JalJet

GO TO 290

IQANK =

TEMP = 2TEST/N(J)
IF (TEMP,GT,,0629)

IFCINOP,GT,3) GO TO 179
0N 160 L=21,NOS

00 130 J=1,IRANK
§uM=0,9

PO 120 I=f,™

SHM =SUM + A(I,J)*BR(T,L) T

F(J)=s sSuM/Q(Jd)

nO 150
SiuM=0,0
DO 140 1I31,IRANK

SUM =SUM  » V(K,I1)eE(I)
R ,L)sSUM

COMTINUE
RETURN
Do 200

K'—'i'N

Jzi .M

IERR=wy

A=32

SNVO031AN
SNVO3190
SNV03200
SNvV03l210
SNvoes220
SNV03230
SNvo3auy
SNVO32Sh
SNVN3260
§Nvo327o
SNyn3ean
SNV 3290
SNVO330n
SNVO03310
SNvO3320
SNVO3330
SNVO3ITuUN
SNV033S0
SNVO336N
SNVO'3TH

“sNVO3 IR0

SNVN3390
SNVO34nn
SNVO34tLn
SNVO342n
SNVA343N
SNVN3UYN
8NVO34dSA
SNVO3ueN
8NVO34T0e
SNVO34an
INVOIU9N
‘§NVO 3500
INVA3SEN
SNvOolS2n

- SNV013S530

SNVO354n
SNV03559
SNVOISsD
SNVO3STO
SNVAO3SAN
SNvQ3Saen
SNVO3600
SNVO03s1n

"SNVOA 62N

SNVO3HIN
SNVO3k4r
SNVOIeSH
SNV03s6N
SNVOTeTN
SNVOZ6Ac
SNVO3s9r
SNVAZTHr
SNVOST710
SNVO3T2¢
SNVAZ YT
SNVO3Tuc
SNVO3TISe
SNVO3TH-
SNVOZTTYA
SNVO3T7Aan

P




K'i' quNK

SUM sSUM & V(TI,K)eb(J,X)/Q(K)
APLUS(I1,J)s SuM

CONT INUE

I0P L,EQ,d4) RETURN
Ks1,NOS

S yMa8UMe APLUS(TI,JYeBR(J,K)
E(IYsSUM

L. . 225 B(1,k)sF (1)
230 CONTINUE

SNVO3790
SNVO3AON
SNVO3810
SNVH3820
SNVOIAYY
SNVAZAYN
SNVASASH
SNVN3B8e0
SNVOIATO
SNVNIAARD
SNV 03899
INY 01904
SNy 3aetn
SNV 03920
SNVO0 3930
SNvVOoIeun
SNVO19§0
SNVO394N
SNVO39T0

Melliiamcis.igoge L s i+ se Loy

ki AL s R L
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SURROUTINE SUM(A,NA,3,N8,C,NC,T10P,8YM,DIjMMY)

sSUmMonoin

‘ IMPLICIT PEALCA (AeM,0e2) SuUM00020
DIVENSION AC(1),8(1),CC1),0UuMMY (1) 3UMQ0010

3. ___DIMENSION Na(2),NB8(2),NC(2) - o _SUM00040
' LOGICAL QY™ T 8umMQ00S0
COMMON/CONV/SUMCV,RICTCV,SERCV,MAXSUM SUM000KN

.0 IFC 10P  (EQ, 0 ) GO TO 90 SuUmM00070
- PRINT S9 - SUMNONasn
l S0 PORMAT(//,° LINEAR EQUATION SOLVER X s AXC & B ) SUMN 0090
.- CALL PRNT(A,NA,4m A_ ,1)_ _ .. — . SUM00100
10 1FC SYM™ ) GU TQ 7S ) o I (VLY F R4
1' CALL PRNT(C,NC, 4™ C ,1) 3UM00120
18 . 60 TO 8§ i SuUMQ001t 3N
13 7S CONTINUE SUMOO014n
" PRINT 80 SuM001S50
tl,.naﬂo FORMAT(/, * C ® & TRANSPUSE *,/) L SUMOO01 A0
! 88 CONTINUE ) sUM0o17n
17 CALL PRANT(B,NB,4" B ,1) sSuUMOA01 8N
f.C.. L X e ) _ SUM00190
RS 100 CONTINUE SUM00200
20 Nt 2 § ¢ NA(1)aNC(1) UMQe021n
.. . 1st e e e — SuM00220
i 200 CONTINUE T 8UMA6230
23 CALL MULT(A,NA,B,NB,DUMMY, NB) sumonaun
. CALL MULT(DUMMY,NH,C,NC,DUMMY (N1),NB) SumM002s0
B e CALL MAXEL(B,NB,wNS) UMnNN2er
N CALL MAXEL (OUMMY(N1),NB,WNUX) suMo00270
27 ___IF(wWNS ,GE, 1,) GO TO 225 = e B sumno28n
L IF( ANDX/WNS LT, SUMCV ) GO TO 300 - - T 8UM00290
Y GNh TO 23% SUM00300
50 225 [F( wWNDX LT, SUMCV ) GO TO 300 _ sumM00310
T 23S CONTINUE suMQeo 20
b CALL ADD(R,NB,DUMMY(NY),NB,B8,NB) SuM00330
3y _ _ calLl MULTY(A,NA,A,NA,DUMMY,NA) _ S$UMNN340
34 caLlL EQUATE(DUMMY,NA,A,NA) - o TTTTTTTTTTT T sumMAn3so
| IF( SY™ ) GO TO 24s SUMQQ3en
) . CALL MULT(C,NC,C,NC,DUMMY,NC) i _ i SUM00170
37 CALL EQUATE (OUMMY,NC,C,NC) 3UM0N 180
1A GO TO 2S00 SUMNN3I90
§ _ _24S_CONTINUE e sSuUMQQuUo0n
" CALL TRANP(A,NA,C,NC) T T T ‘SUMQO04Y N
4y 250 CONTINUE suUM0NU20
q 13l+1t _ ] SUMONU3ID
8D {FC T LE, MAXSUM ) GO TO 200 SUMQNaun
44 CALL LNCNT(I) SUM0n4sa
tf . _PRINT 275,Maxsym SUM00UsN
‘3. 275 FNRMAT(//,* IN SUM, THE SEGQUENCE OF PARTIAL SUMS WAS EXCEEDED STAGSUMDO4TN
ar/ 1 E*,15,° WITHOUT CONVERGENCE®) SUMOOURD
4B 300 CONTINUE SuMOQ49n
i { IF(IOr ,EQ, 0) RETURN SUMO0S0N
5] CALL PRHT(B,NB,dM X ,1) SUMANS O
S1 RETURN IyMoosen

jr’ END

A3l

SumMnoesSIo
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1
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19
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eé
23 C
i
S
26
€

i |
29
0

i

33

1
36

’
]

4n

‘
!

43
"
! i
“d
a7

il
.ﬂha

50

b
) K
53
S4

Is
ke L]

57

:
I

60

1 C
i

S0

100
150

200
300

325

350

365

SURROUTINE BILINIA,NA,B,N8,C,NC,10P,BETA,SYM,DUMMY) AILO0ONYN
IMPLICIT REAL®A (AeM,0e7) 811,00020
NIMENSION A(1),B(1),CC1),0UMMY(]) 8IL0003C
_DIMENSION NAC2),NB(Q)/NC(2),NOUMC(2) — RILO00OGN
NIMENSTION 10P(2) T T T TUALl 00080
LOGTCAL SYM AILONOAD
IFC 10PC1) ,EQ, 0 ) GO TO 300 RIL000TO
[F(SYM) GO 10 110 8IL000A0
CALL LNCNT(Y) RIL0009N
PRINT S0 o L arLnoton
FORMAT(//,* LINEAR EQUATION SOLVER AX ¢ XB £ C *) ) AILONYLLO
CALL PRNT(A,NA, UM A ,1) RIL0O0O120
CALL PRANT(R,NB,4n R ,1) ) A1L00130
6N TO 200 BIL0014N
CONTINUE BILNOLISH
_CALL ULNCNT(3) e L o A1L00160
PRINT S0 T AILONLTA
FORMAT(//,° LINEAR EQUATION SOLVER B TRANSPOSE )X ¢ XB 3 C *) AIL00180
CALL TRANP(A,NA,DUMMY,NDUM) _ ) 8ILNNLGN
CALL PRNT(DUMMY,NDUM,dH B8 ,1) B AILOO20N
CONTINUE arLon2io
CALL PRNT(C,NC,4M C__, 1) L BILoO0220
CONTINUE - TTTTAILN0230
RILON24N

10PTYT 3 0 e i AIL002S0
NaNA(1)#w?2 ) RILON260
MaNR(1)en2 RILON2TO
e e e BILONRAN
1F¢ l0P(2) ,EGQ, 0 ) GO TO SO0 T S AIL0N290
RILNAZNN

N{ & N ¢ | . _ ) L BILY031IN
CALL EQUATE(A,NA,DUMMY, NA) i A1L00320
N2 3 N1 ¢ NAC(Y) BILONTYD
__ N3 3 N2 + NA(Y) e L BILOO034N
I8V = 0 T T 1L90350
ILV =2 0 AIL0036C
NEVL B N&CY) o RILNN3TA
CALL EIGEN(MNACL),NA(C1),DUMMY,DUMMY (N1),DUMMY (N2),I8V,ILV,V,0UMMY(NBILON3AN
13),1ERR) AIL0039N
_IF (1ERR ,EG, 0) GO _TQO 350 RILO0UNON
“eaLL LNCNT(S) T T T T T e TTRIL004YN
PRINT 325,1ERR AILNNU2N
FORMAT(//,* IN SILIN, THE °*,I4,° EIGENVALUE OF A MAS NOT BEEN DETRILONGYN
{ERMINED AFTER 30 ITERATIONS®) BILOOUUC
IERR=1 BILONASO
...CALL NORMS(NEVL,NEVL,NEVL,4,1ERR,BETA) AILY0UsO
RETAS2,+RETA T T TTTRAILO0UTN
GO0 TO 18§ BILONURC
CONY INUE RILOOUSN
Jz MN{ ¢ NEVL ef BILONSON
K 2 N2 & NEVL ef BILONSY A
CO 3 NSQRT(DUMMY (N1)a22 + DUMMY(N2)#w2) RILOOS2¢
CN = DSART(DUMMY (J)w#2 & DUMMY(K)#e2) ) T RILNOSTY
CH & NUMMY (J)eDUMMY (N]) RILCNSAr
IF(CD ,EN, 0,0) GO TN 365 A1L0NSS A
RETA = (DUMMY (N1)#CNeDIIMMY (J)*CO)/CD RILONSHN
IF(BRETA LE, 0.0) GO TO 365 P RILONST"
RETA = DSNRT(BETA) . glLnnsa -
60 TO 3RS P BILONSOA
.. HILNOANC

CONTINUE < RILNOKY S
-3 BILOOKRC

3ETA = 0,0 A-35 S1L0NGTY "




e e e —r— ——  —

6 DO 378 1 s {,NEVL } AILONGUN

6 J 8 Nl ¢ ] «f 8IL006SH

6 K8 N2 o] «f AILNOBEN

06 t{P(OuUMmMY(J) ,GE, 0,0) GO TO 378 ] RILONGTO

6 BETA 8 BETA o DSURT(DUMMY (J)ee2 o OUMMY(K)ee2) BRILOO6AO

6 378 CONTINUE B1L00890

69 _ _ QETA B RETA/NEVL i 8IL0070O

7% C ArL00710

7! 385 CONTINUE 8I1L00729

¢ C._ . _ _ o _ _ BI1L00T730

7i IF( SYM ) GO TO S$00 ) - BILAQTUO

7 CALL EQUATE(B,NB,DUMMY , NB) AILOOTSO

7 NisMey _ ) BRILOOTsO

76 N 8 N1 oNB(1) h AILOOTYO

? NS B N2 oNB(1) a1L0a7A0

Y _ NEVL = NB(1) 8IL00T790

Y CALL EIGEN(NBC(1),NB(1),DUMMY,OUMMY (N1),NDUMMY (N2), 18V, TILV,V,0UMMY (NBILO0ANN

A 13),IERR) BIL0081D

&i_. _IF(1ERR ,EQ, 0) GO TO 4SO _ B8IL00R20

& CALL LNCNT(3) 81L00R8%0

a3 PRINY 400, lERR AILN084O

t'” 400 FQRMAT(//,* IN BILIN, THE *,14,° EIGENVALUE OF_8 WAS NOT BEEN FOUNRILO00ASO

f 10 AFTER 30 ITERATIONS®) T TRAILO0OARAN

LT 1ERRu1 AIL00870

(0 CALL NORMS(NEVL,NEVL,NEVL,B,1ERR,RBETAL) BIL008AY

el BETA182,#RETAY AILOOASN

3 GO TO 48s 81L00900

99 __ 450 CONTINUE e 81L00910

<| J 8 N{ ¢ NEVL ef ' T T a1 nnoe2n

q K 3 N2 ¢ NEVL et AILN093O

93 _ CO 8 NSQRT(DUMMY (N1)we2 ¢ DUMMY(N2)#w2) B1L0094r

Y CN 8 DSQRT(DUMMY (J)we2d ¢ DUMMY(K)##Q) ) i 8IL009S0

Jl CN = DUMMY (J)eDUMMY(NY) AILOO9AO

Yo _ .. IF(CDO ,EQ, 0,0) GO TO 46S BIL0O0970
97 BETAl = (DUMMY(N\)tCN e DUMMY(J)I*CO)/CD ~ o BILO0GAO

‘ls IF(BETAYL LE, 0.0) GO TO 4&S 31L00990

2 1 AETA{ 3 DSGRT(BETA1) . } ) BIL01000

190 GO TO 4AS - AILO0t010
19 C BILOLN2N
ul' . 4@3 CONTINUE e L BILN1A3O
103 C BILOLNGO
104 BETAY 3 0,0 RILO1NSA
Y [ NN 47S Iz {,NEVL e B AILO10KO
1 ] 8 Ny ¢+ ] = BIL01070
107 K 8 N2 ¢ 1 =f BILOINAN
L) ... _ IF(DUMMY(J) ,GE, 0,0) GO TO 47S BILN1O9N
1'a BETAY 3 BETAL + NSART(OUMMY(.J)sa2 s DUMMY(K)s#2) ~ 7 - T AILN11AN
110 47S CONTINUE BILO111O
1Lt RETAY = RETAL/NEVL AIL01120
1’3 c BILOL130
13 485 CONTINUE HILOtL LU
fte BETA = (BETA ¢+ BETAYY/2, . _ . . RILNY SN
1ls o BILNtYeO
1 &) 0 CONTINUE 31L01LYN
117 ¢ . .. o i BILOL1ARA
1 C RILOYItAC
1!? IF( I0P(1) LER, 0 )Y GO TO S20 aILo12an
1290 caLL LNCNT (W) I . o BIL01210
121 PRINT S1S5,ReTA RILNny22r
1!5 S1S FORMAT(//,* HETA 2 °,E16,H4,/) ATLOt121A
11 $20 CONTINUE ) BILN1240
124 C A-36 AILO12S"
N1 3 N+t RILO126A0




12 A CaLL EQUATE(A,NA,DUMMY NA) N RILOL270
!E‘ CALL EQUATECA,NA, ,DUMMY (N] ) ,NA) aIL01280
1e% CALL SCALE(DUMMY,NA,DUMMY NA,=1,) BIL01290
129 . _ L s_eNA(Y) | e e } R BILO1300
1 NAX 3 ACY) - TRAILO1310
1 DN S2S Ist,NAX aILny3en
132 . _. L s L ¢ NAX ¢t o L o 8IL01330
R My s L ¢ N T BILN13AO
11 DUMMY (L) 3 BETA = A(L) BILO01350
105 . _QuMMY(M{)a BETA ¢ A(G) o BTILO013e7
136 $2% CONTINUE 8ILO1370
1"' N2 3 Nt & N BTLO1380
1 I ~ CALL EQUATE(C,NC,0UMMY (N2),NDUM) 8IL01390
139 NDUM(2)8 NDUM(Q) ¢ NACY) AILO014O0
14 N3 3 N2 & NC(1)#*NC(2) 8ILO0t4L0
1] . _._ GAM = =2 «BETA _ e e .. _BILOl420
142 C BILO1430
143 IF( NOT, SYM ) GO 70 600 BILO1440
LY BILO14SO
1.9 CALL UNITY(DUMMY(N3),NA) BILO1460
146 Nd 3 NS ¢ N BILO14TO
1y . NDUM(2) = NDUM(2) ¢ NACL) _ o . ~ ) BILO14RN
1»“ NS 2 N4 ¢ NAC(1) CRILO01490
149 IFAC 3 0 BILO1S500
180 _ .. CALL GELIM(NA(1),NA(C1),0UMMY,NDUM(2),DUMMY(N1),DUMMY (N4),IFAC,DUMMBIL01510
u“ 1YINS), 1ERR) BILO1S20
1 IF( lERR ,ER, 1 ) PRINT 625 AILO1S3O
153 "CALL _ENUATE(DUMMY (N1),NA,QUMMY,NA) — ____ _BIL61S4D
'y CALL EQUATE(DUMMY(N2),NC,C,NC) "TRIL01S50
145 CALL TRANP (DUMMY,NA, DUMMY (N1),NA) RILO1560
156 . CALL TRANP(DUMMY(N3),NA&,DUMMY (N2} ,NA) L ) AILO1STN
187 CALL MULTCC,NC,DUMMY(N2),NA,DUMMY (N3} ,NA) BILO13AR0
f’s CALL 3CALE(DUMMY(N3),NC,C,NC,GAM) BILO1SAnN
v e , . 8lILuts00
ten C TTTRAIL0tet0
1e CALL SUM(DUMMY ,NA,C,NC,DUMMY(N1),NA,TOPTT,SYM,DUMMY (N2)) BIL01620
1§ 60 TO 700 o o 3 RILOtA3N
163 600 CONTINUE BILO1edO
t /b NG 3 NS ¢NA(Y) BILO16SH
1%; . IFaczo0o_ . L BILO166O
{00 CALL GELIM(NAC1),NA(C1),CUMMY, NDUM(2),0UMMY (N]1),0UMMY (N3), IFAC,0UMMBYILO01670
107 1Y(NU4),1ERR) BILN16ARN
u‘»r IF(IERR ,EQ, ! ) PRINT 625 o RILO1690
X 625 FOSMAT(//,°* IN BILIN, THE MATRIX (BETA)I « A IS SINGULAR, INCREASBILO1700
170 tE BETA *) AILO1T71N
1% _CALL EQUATE(DUMMY(N1),NA,DUMMY,NA) BILOtY2¢
i U CALL ERQUATS(DUMMY (N2),NC,C,NC) T o '“' - BILOLT30
17 N2 3 M+ N, RILOtTYN
174 CALL EGUATE(B,NB,DUMMY(N1),NR} BILO17S0
1:‘; CALL EAQUATE(B,NR,DUMMY(N2) ,NBY BILOL740
1% CALL SCALE (DUMMY(N1),NB,UUMMY(N1),NB,=1,0) AILNLTYTN
177 Lz=NB (1) o BILO17RO
1 W NAX=NR(1) ST e T s T BILOI79A
13F DO6SNT =1,NAX BILO18n0
160 L=l + NAX 1 - ATLOIRLO
181 LY s L ¢+ N ot T T T BILOIR2N
iy ML =2 L + MN2e? BIL01830
1 8 _PUMMY(L1)= BETAa= R°L) BILO1RYN
184 NUMMY (M{)= BETA + BLL) - T T BILO1850
1 N6 650 COMTINUE RILO1BAKO
1§ o RILO1”7N
! N3 = N2 + M A-37 RILO1RAN

CALL TRANP(DUMMY (N1),NB,DUMMY (N3),NB) BILO1890

g

%
i

i



18 CALL EQUATE(DUMMY (N3), N3 OUMMY (N1 ,NR) 81.01900 }
t:‘ CALL TRANP(DUMMY (N2),NB,DUMMY (N3),N8) N BILO1910 g
! CALL ENATE(DUMMY(N3Z),NB,OUMMY(NZ),NB) arLot920 3
192 CALL TRANP(C,NC,DUMMY (N3),NOUM) AILO1930 g
1°| NSD!UIM 8 NOUM(?) : ST T T T s T BILO1940 3
16 NOUM(2)3 NDUM.2) + NB(2) BILO19SN |
195 _ IFAC = 0 o » N BILO1960 |

, 1 NYBNTeNC(1)eNC(2) ' ' BILO19T7O
ie NSENU+NB (1) BILO19AN s
19 . CALL GELIM(NB(1),NB(1),0UMMY(N1),NOUMC2),0UMMY (N2),0UMMY(NG),TFAC,ATLO01990 3
199 1DUMMY (NG, TERR) i ) RIL020A0 ;
2¢ IFCIFRR ,EQ, 1 ) PRINT 675 BILO2010
2¢ 67S FORMAT(//,°IN BILIN, THE MATRIX (META)] « B [S SINGULAR, INCREASEBIL02020

: 202 { BETA *) ATL020%0

} 2c CALL TRANP (DUMMY(N2),NB,0UMMY (N1),NB) RILN2040
2¢R _ . NDUM(2)s NSDUM o BIL020S0
20§ COLL TRANP(DUMMY(NT),NDUM,C,NC) T T T T T BIL02060 3
20 call SCALE(C,NC,C,NC,GAM) . RIL02070
2(‘ . . N2 S NeMesey RILO20AN
2 CALL SUM(DUMMY,NA,C,NC,DUMMY(N1),NB,IOPTT,SYM,DUMMY (N2} ) RIL02090

209 ¢ arLn2t10n
21-~._100,£0NYINUE_ e ) . ) BrLo02110
2! IFC I0P(1) LER, O ) RETURN ToarLgt20
212 CALL PRNT(C,NC,4H X ,1) BIL02130
asi_h RETURN o 8I1L02140

21 END ST T o ; BIL0O21S0
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— . SURROLITINE BARSYN(A,NA.BpNB.C,_NCoIOP,SYM,-EPSA,EPSB,DUMMY) RARQOOI1N
IMPLICIT REAL*8 (deH,0=7) - BAR0ONO20

e DIMENSION A(1),8(1),C(1),0UMMY (1) RARONO3N
-3 OIMENSION NA(2),N3(2),NC(2),NOUMI(2),NOUM(2),NOUMT(2),NOUVE(2) BAR0004C
3‘ LOGICAL SYM T T T T T84aR000SN
T3 I# ( 0P ,EG, 0 ) GO TO 250 BAR0NOGO
6 _IF(9YM) GO TO 100 o _ _ S BARONOT®
¢ CALL LNCNT(3) ' o - AAR000ORN
l’ PRINT SO R4AR00090
9 . SO FORMAT(//,* LINEAR EQUATION SOLVER _ AX ¢ XB s C *) AAR0OO1NN
10 CALL PRNT(A,NA,4H & ,1) T T O"gARGOLLO0
1 CALL PONT(B,NR, UM B ,1) RARQ0120
o . 60 TO0 200 o RARQO _30
13 100 CONTINUE - BAROO1 4O
i CALL LNCNT(3) ARAR00O1SN
!t —.PRINT 150 _ L BARNO160
6 150 FORMAT(//,* LINEAR EQUATION SOLVER ( B TRANSPOSE )X ¢ X8 3 C’) ~ BAR0O0170
L7 CALL TRANP(A,NA,DUMMY,NDUML) BAROO18O
P o cacC pawtcoummy,voumt, e RARON{9N
e 200 CONTINUE T T T RARQO200
20 CALL PRNT(C,NC,44 C ,1) BAR00210
. l C o ) BARNN220
! 250 CONTINUE ) T T T RAR00230
23 CALL ERUATE(A,NA,DUMMY,NDOUM]) BAR0OO240N
Y - Ni{S(NACL)anx2) ¢} o ‘ RAR002SO
3 4 N2IN]eNA(L) =1 - ) RARON260
L DO 300IaNy,N2 BARON2T7H
27. _ ... Duvmy(l)so,0 ] L BAROO28N
) 300 CONTINUE ' T T T BARQN290
HC BARNO0300
10 . MDUMY (2)2NDUMYL (2) ¢t o o _ " BARQN31O
Y NAUMR (1)t T ' o AARONT2N
’ NRUM2 (2)3NOUMLE (2) RAR00330
35 . N1sNDUMY (L) #NDUMLI(2Y®t RARONIUO
L CALL NULL (DUMMY(N1),NDUM2) T T T AARONISO
3 LUSCNA(L)+1) w2 ¢ | RARO00360
2y CALL JUXTR(DUMMY ,NDUMY ,DUMMY (N1),NDUM2,DUMMY (LU),NDUM3) RARONZTO
37 CALL EQUATE(DUMMY(LU),NDUMS,DUMMY,NDUM] ) " " BAR0O0380
1 NaNA (1) +! RARON390
) C . o e B BARNOUNO
4n IFC(SYM ) GO TO S00 oo T T BARO004LO
Uy C BAR00U20
|2 __CALL ERUATE(R,N8,DUMMY(LU),NOUM2) = 34RN0430
-5 MISLUSNB(1) w2 " RAROQOU4N
44 M2=MieNR(]) et 3AR004SO
0 DO4I0I=My, M2 L o o BARN04SKO
) DIMMY (1)=0,0 B T RARONYTO
7 400 CONTINUE BAROOUARD
£ C B o o BARQOUSN
) NDUM2 (2)aNDLM2(2) +1 ' BARNOSOO
3] NOUM3 (1) 31 BAROOS! O
1. NDUM3 (2)sNDUM2(2) - o BARNNS 2D
4 M{ZNOUM2 (1) «NDUMR(2) +LU S RARNNSTQ

; CALL NULL(DUSMY(41),NOUMI) BARONSYO
4 MAZLU®(NB(1)+t)ee2 , 7 RARONSSN
5 CALL JUXTR{DUMMY (LU),NDUM2,DUMMY (M1),NDUMI,DUMMY (M2) ,NDUMU) RARONSAO
’ CALL EQUATE(DUMMY(M2),NOUMU,DUMMY (LU),NDUM2) BARQNS 7?0
I MsNB(1)+ 1 e R BARONSAN
) LNA 3 LU T T RJRONS9N
i L 2 LU ¢ (NB(l1)el)ew? BARQNAOO
) LV = LU ¢ NA(1)#*e2 BAR0NG 1O
Al CALL AXPXA(DUMMY,DUMMY (LU) N2 (1),N,NA(1),DUMMYCLNB), DUMMY (LV),NB(1RAR00K2N
4 1)e4,N8(1),CpNCLY),EPSA,EPSB,NFATL) A-39 SARNDNEIN

s
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. . 6BN TO &00 o - BARON®UYN

c ‘ BARONEKN

() S00 CONTINUE BARNNGAD
. &6 . CALL TRANP (NUMMY,NOUMY,DUMMY(LU),NOUM2)  BARONGLTN
jl CALL EQUATE (DUMMY (LUY,NDUM2,NUMMY, NOUMY ) T BARNNGAN
- CALL ATXPXACOUMMY,DUMMY (LU),C,NACTL) ,N,NAC1),NC(1),EPSA,NFALIL) RARONGIN
9 ¢._ .. . . _ L _ o ~_ BAR00?00
W 800 CONTINUE RAR0NT10
i! IF(NFAIL EG, 0 ) GO TO 700 BARONT20
Té__ . _CALL LNCNT(3) . . . . BARONTYN
73 PRINT 450 ' " RARONT4O
"‘ 650 FORMAT(//,* IN BARSTAN, ETTHER THE SURRQOUTINE AXPXB 0oR ATXPXA NARARONTSO
W, {8 UNARLE TO RENUCE A OR 9 TO SCHUR FORM *) , BARONTEN
76 RETURN 34RGNTTN
T BARONTAY

| c
} 47 100 covrnee . AAR0NT90

79 € ' T "BAROOBNO
0 IFC I0P NE, 0 ) CALL PRNT(C,NC,4H X ,1) BRAROOALN
f. . __ _RETURN o BARQONB20

e gEND ' - 3AR00830
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SURROUTINE TESTSA(A,NA,ALPHA,DISC,STABLE,IOR,DUMMY)

IMPLICIT REAL#8 (AeH,0e72)

DIMENSION A(1),DUMMY (1)

_DIMENSION NA(2),NOUML (2),NDUMR(2)
LOGICAL
3TABLE s

DISC

¢ STABLE
JFALSE,

Nis NA(l)wnw2 o |

.. N2s NienNA(Y)

Nis N2eNA(])
18V 8 0

T CALL EQUATE(A,NA,DUMMY,NA)

s - ——— - —— o=

TES0O001N
TES0002N
TESONQ3N
TESNO0OMC

"TESN00SN

TESQO0060
TES00N7D
TES00NAN
TES00090
TESON1NN

TESNO110
TESOON120

12 _ _ CALL EIGEN(NA(C1),NACL),DUMMY,DUMMY (NT),DUMMY (N2),I8V,I8V,V,0UMMY(NTESNNL 3N
A 1), IFRR) TESO0O14C
la NEVL = NA(1) TES00150
5. __IFC TERR EQ, Q) 60T 200 _ TES00160
16 CALL LNCNT(4) TESNOL TN
‘r PRINT 100, lERR TESOO1A(
i 100 FORMAT(//,° IN TESTSA, THL ',15,’ EIGENVALUE OF A HA3 NOT BEEN FO TES00190
19 {UND AFTER 30 ITERATIONS®,/) TES00200
3N RETURN TESONQ21°
1_C N _ . L L o _ TEsoo022¢
22 200 CONTINUE TES00230
23 NDUMYL (1) 3 NEVL TESOU24C
¢ NDUML (2) = 1 o _ S _ TESNOZ2S0O
5 CALL JUXTC(DUMMY (N{),NODUML,DUMMY (N2),NDUML,DUMMY ,NDUM2) TESON26°
26 C TES00270
7 .. IFC.DISC )_GO TO 4OO_ __TESo0o028°
) N0 300 I=y,NEVL TES00290
29 IFC DUMMY(I) ,GE, ALPHA ) GO TO 600 TES0030"
0 _ 300 CONTINUE o _ L o L TESOO31 "
it G0 TO SSO TES0Q32°
%2 400 CONTINUE TES0033r
33 N = NDUM2(1)#NDUM2(2) +1 . TESOO034C
34 N0 S00 I =1,NEVL - TESAD3ISN
!5 K 2 I ¢ NEVL TESON3eN
1p CLEN el ey » _ TESOO3 7N
37 DUMMY (L) = DSRRT((DUMMY(I)w#w2)+(OUMMY (K)#w2)) TES003AC
ia S00 COMTINUE TESNO39"
39 C _ o o TESONUO®
40 IFC DUMMY (L) ,GE, ALPHA ) GO TO 600 7~ — T T T YESOOWL
t C 4 TESNOU2C
’a 550 CONTINUE - . TESOOUYS
43 STABLE =,TRUE, TESNOUUC
4 600 CONTINUE TES004S"
‘gsﬁwm“___jr; 10P ,EQ, 0 ) RETURN TESO0O0UAC
: CALL LNCNT(4W) - - TTTTTTITTTTT T CYESO0047
47 PRINT 700 TESOOUA"
ln 700 FORMAT(//,* PROGRAM TO TEST THE RELATIVE SYABILITY OF THE VMATRIX ATES0049
1°,7) o ‘ TES00SNH -
50 CALL PRNT(A,NA,4H & ,1) TES00S1
1 CALL LNCNT(4Q) TESONS2-
ia PRINT 750 i Tt T T TES0053"
33 750 FORMAT’//,* EIGENVALUES OF A *,/) TES00S4
54 CALL PRNT(NUMMY,NNUM2, UHEVLA, 1) TES00SS
ls ' tF¢ ,NOT, DISC ) GO TO 8S0 TESNOSs
Bo CALL LNCNT(4) TESNOS7Y
S7 PRINT RON TE3QO0SR
58 800 FORMAT(//,' MODULI OF EIGENVALUES OF a*,/) ~ — 7 ° TESO0SG
gq CALL PRANT(NDUMMY (N),NOUM], 4HMODA, 1) TESO060
80 C Amiil TESNNK
61 850 CONTINUE TESNO0&?
CALL LNENT(4) TESNN63

Ee




| RTINS .- T
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o')_ o

900 FORMAT(//,°*
950 FQRMAT(//,° MATRIX &

CJF(STARLE) PRINT 900,ALPHA

IP( NOT, STABLE) PRINTY 950,A(LPHA
MATRIX 4 IS STABLE RELATIVE TO *,E16,8,/)
IS UNSTABLE RELATIVE TO *,E16.8,/)

RFTURN
. END

A=b2

ST T T R R o e e T T e R s AR L T e e e

TES0084UD
TES006S80
TES0066"
TES00671
TES0N6AN
TES00690
TESO0O0700
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100

200

300

328

350

400

500

DO 200 I s1,N

SI/RROUTINE EXPSER(A,NA,EXPA,NEXPA,T,I0P,0UMMY)
IMPLICIT REAL®A (QeW,0=2)

OIMENSION A(C1),EXPACL),NDUMMY (1)

DIMENSION NAC2),NEXPA(2) )
COMMON/COYUV/SUMCV,RICTCV,SERCV,MaXSUM

N 3 NACL)

L 3 (New2) ¢+ 1
TT 37
NEXPA(L)aNA(1)
NEXPA(2)2NA(2)

CaLlL MAXEL (A,NA,ANAS)

AMAA = LNAAWTT

ANAA = DABS(ANAA)

IF( ANAA ,GT, 1,E=1S ) GO TO 100
CALL UNITY(EXPA,NEXPA)

G0 TO 8”00

CONTINUE
10PT=2
caLL NORMS(N,N,N,A,IQPT,ZERQD)
IEROSZERO/ (2, 2%d7)
CALL TRCE(A,NA,TR)
TR 3 TR/N

M 2TeNw(lel)
A(M) 3 A(M) « TR
CONTINUE

toPT =t _ —
CALL NORMS(N,N,N,A,10PT,COL)
T10PT = %

cALL NORMQ‘NJ”'N("IPBT(BPW!,
AMORM 3 ROW

IF( ANORM ,GT, COL ) ANORM = COL
TMAX 3 1,/4NORM

Ks 0

CONTINUE

IF( T™AX « TT ) 325,350,350
CONTINUE

K=K el

TT = T/(PewK)

IF( X « 1000 ) 300,700,700
CONTINUE

§C 3 17 o e
caLL SCALE(CA,NA,A,NZ,TT)
CALL UNITY(EXPA,NEXPA)

11 = 2

CALL ADD(A,NA,EXPA,NEX?A,DUMMY, NA)

CALL EQUATECA,NA,DUMMY (L) ,NA)

CONTINUE

CALL MULT(A,NA,DUMMY (L) ,NA,EXPA,NEXPA)
S = 1,71

CALL SCALE(EXPA,NEXPA,DUMMY(L),NA,S)

CALL ADD(DUMMY(L),NA,DUMMY NA,EXPA,NEXPA)
CALL MASEL (DYMMY ,NA,TOT)

CALL MAXZL (DUMMY (L) ,NA,DELT)

1F¢ 70T ,GT, 1,0 ) GO TO Sn0

{F( DELT/TAT LT, SERCV ) GO0 TO 600

GO TO SS0H

CONTINUE A-bi3
IF( OFLT LT, SERCV ) GO TN 600

o . "g;;

ExPNONyc
ExpPoo00A"
ExPONOYC
ExPO0OOUC
EXPNOOSC
EXPO0NG’
ExXPONOTC

"EXPOOOAD

EXPO0OSC
ExPOOLOC
EXPOOLYY
ExPOO0O12"
EXPOO13C
EXPOO1Y"
FXPOOLSY
ExXPOOtleC
EXPAQLTC
EXPOO18C
EXPO01S(

EXP0020 "

EXPOQ2t "
EXPO022"

ExPO02Y”

ExPNO24d-
EXP002SC

TEXPO02s

EXP0027"
ExPON2Ar
EXPAN29:
EXPOO3O"
EXPOO3Y’
EXPONS2C
EXPOO33r
EXPAOSUC

" EXPOO3S

EXPNO3s:
EXP0O3T
EXPNAOIAC
EXPOO3S¢
ExPcO4n-
EXPONAGY
EXPOO0UR:
EXPNOUY:
EXPOOUY
ExPQ04S
EXPONUS

- EXPOO4Y

EXPNOOYUA
EXPONUS
EXPOOSA
EXPOOS
EXPNNS?
EXPOOS3
EXPOOSY
EXPGOSS
EXPAOSAK
ExXm00S?
CXPNOSRA
EXPOOSO
EXPNO&N
EXPNO6
EXPNOAD
EXPNNET

e e mieiige




1

11
03 C

i

- -

00

4
19
06
07

(18

)9
10
W1

i3
‘4

-

550

600

625

. . PRINT 635
638

650

660

7S

685

_.TRaTR»T

700

750

200

A2s
1ERIES METHOD

8s0

GO TO 8400 - —— e e

CONTINUE

CALL EQUATE(EXPA,NEXPA,DUMMY, NA)
It = ] « 1

GO0 YO 400

CONTINUE

IFC kK ) 625,675,650
CONTINUE

CALL LNCNT (1)

FORMAT( * ERROR IN EXPSER, K I3 NEGATIVE * )

RETURN

CONTINUE

00 660 I ai,K

TT .3 2«77 L
CALL EQUATE(EXPA,NEXPA,DUMMY NA)
CALL EQUATE(OUMMY,NA,DUMMY (L) ,NA)
CALL MULT(OUMMY (L) ,NA,DUMMY,NA,EXPA,NEXPA)
CONTINUE

TsTT

CONTINUE = .
$ 3 1,/8C

CALL SCALE(A,NA,A,NA,S)
00 68S I = {,N

M3 T ¢ Ne(let)

A(M) 3 A(M) & TR

IFC PABS(A(M)) JLE, ZERO ) _A(M)_ = 0,0
CANTINUE

——— o ———— e a— . e -+ —— o mn et . Attt 8w wmm n e = e

8 3 DEXP(!")
CALL SCALE(EXPA,NEXPA,EXPA,NEXPA,S)

CONTINUE
caALL LMCNTC(L)Y o -
PRINT 780
FORMAT ('
RETURN

K =2 1000 *)

ERROR IN EXPSER,

CONTINUE

IF( INP ,EQ,
caLlL LNCNT(4)
PRINT B82S
FORMAT(//* COMPUTATION OF THE MATRIX EXPONENTIAL EXP(A T) BY THE
o/)
CALL PRNTZA,NA,4H A
CaLl LNCMT(3)

PRPINT ASH,T
FORMAT(/* T = *,016,87)

CALL PRNT(EXPA,NEXPA,UHEXPA,1)
RETIURN

EnD

n ) RETURN

e 1)

A=y

EXPOOSGUN
EXPQO06SOH
EXPOObLC
EXPONARTC
EXPNO6AC
EXPNO69"
ExPNOTHO
ExXPQ0710
ExpoQ72n
EXPOOTIN
TEXPOOTUC
EXPQQO7SC
EXPNOTS"
EXPONTTC
EXPOOTAC
ExXPOO7YOr

" ExPONANC

ExPO0O8L"
EXPOOAR2!
EXPQORYC
EXPQORYr
EXPNO8SC
CEXPNORGC
EXPOOART
EXPOOBAC
EXPQORYC
ExXPGO90°
EXPOO91"
EXPOOQR
EXPHOS3C
EXPOO94r
EXPOOO9SC
EXPO0Qs"
EXPQOQTYC
EXPOO9A
EXPONGS(
EXPO100"
xPO10t "
EXPOIN2"
EXRPQ103
EXPNLINU
EXPO10S:
EXPOLNG
EXPN10Y
EXPN1INR
SExPO1NG
EXPOtL1n
EXPO{ 11
ExP01y2
EXPOL1Y
EXPOt Y4
EXPO11S
EXPAL LA
EXPOLY7

)

i e oo
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o_ SUBROUTINE EXPADE (MaXx, N, A, E&, IDIG, WK, IERR) N EXP00010
IMPLICIT REAL#8 (AeW,0=2) o EXP00020
- DIMENSION A(MAX,N),EA(MAX,N),WK(N,1),C(9) EXP00030
3 . ____ . REALwu4 8DIGC,aLOGIO0 _ . EXP00040
1ERR = 0 T T T T T T EXPO00SO
c CALCULATE NORM OF A EXP00060
6 __ANORM = 0, L L ] EXP00070
Y 00 10 1=1,N e 3 {{-LILYY
} s =0, EXP0O0090
¥ DO.S JsI,N_ L EXP00100
10 S = S ¢« DABS(A(I,J)) - EXPOD1I10
X CONTINUE EXP0O0120
Y. ____. . 1F (S .GT, ANORM) ANORM = § EXP0O0130
13 10 CONTINUE T T 7T T EXPOOL 4O
"1 C mwew EXP0O01%0
5. L CALCULATE _ACCURACY ESTIMATE EXP00160
16 C wwen "' EXPO,I1T0
17 DIGC = 24,xDFLOAT(N) EXP00180
8 IF_(ANORM ,GT, 1,) DIGC = DIGC+ANQORM o EXP00190
.9 SDIGC=DIGE EXP00200
20 101G = 15 = IFIXCALOG10(SDIGC) ¢ ,5) EXP00210
i C _DETERMINE POWER OF TWO AND NORMALIZATION FACTOR EXP00220
2 C wwan EXPO0230
23 Mz 0 EXPO0240O
“4_____ 1F (ANORM ,LE, 1,)_60 10 27 ., o o _EXP00250
S FACTOR =2, EXP00260
¢6 DO 15 Meq,4d6 EXP00270
Pl . __IF (ANDRM_,LE, FACTOR) GO TO 20 . EXP00280
8 FACTOR = FACTORw®2, EXP00290
.9 15 CONTINUE 0 EXP00300
30__.___ GN._TO 125 o _ ~-#ﬁ¥»~- . _EXPO0310
1 20 CONTINUE %) _— EXP0N320
2 C wwan R EXP0033¢
33 C._ __ NORMALIZE MATRIX _ @ a o EXP0034C
U C wree “ o, TTTEXPOO3SC
S DO 25 I=1,N ‘Q;?;c EXPOO36C 1
26 ... DO 25 JY,N o ne o . _.__EXPOO37C
37 AC1,J) = A(1,J)/FACTOR EXPOO3B(
8 25 CONTINUE EXPOO39(
9 27 __CONTINUE _ ___ _ EXP0O4O(
U0 C neex - TTTEYPOOTC
1 C SET COEFFICIENTS FOR (9,9) PADE TABLE ENTRY EXPOOL2!(
2. C *vxe o L L EXPOOU3(
u3 c(1) = ,5 ExpPoodyut
ud CC2) = 1,17647058823520=01 EXPOOUS!
S _ . _C(3) = 1,7156B8627450980=02 L _____EXPOOUb!
46 C(4) & $,71568627450980=03 EXPOOUT:
47 C(S) = 1,225U4901960784De04 EXPOOUB!
8 C(6)_= 6,2045651080945D=06__ . . ___ _Expoo4o:
19 C(7) = 2.,244UB753860510«07 TTTTEXPOOSO
50 £(8) = 5,1011080422RU5D=09 EXPOOSY:
5y . ._C(9) = 5,6678978247605D=y1 EXP0052:
2 C wwan ’ T TTTEXPOOST:
53 C CALCULATE PADE NUMERATOR AND DENOMINATOR BY COLUMNS EXPOOSY
SU C weaw . S ) ) EXPO0SS
55 NP1 = Nei : TEXP00S6
ST — . D0 9S _J=t1,N . o L . _ _EXPOOSH
38 C wean TEXP0OOSH
9 € COMPUTE JTH COLUMN OF FIRST NINE POWERS OF A EXP00&0O
60 C. wwsx . . . . __EXPOO06!
“1 DO 35 1=1,N A-U45 TEXP0062
s = 0, EXP006Y

52

o rrm—— e ———— e e e - e e e e - - .~ - -~ e e et e s ———
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o TR T TR TR e T TR

TR

‘Y 00 30 Lsi,N _ ExXPO0O&UC
4 8 = 8 ¢ ACI,L)%A(L,J) EXPO06SC
oS 30 CONT INUE ExXPO0O66C
66 ___  _ _ . WK(],nPi) = 8 } . o o EXPOO6TC
7 35 CONTINUE TEXPOOGBC
.8 D0 4S5 x=NP],NP7 EXPO06SC
69 _ . . KPy & Kef e _ L EXPOOTOC
0 DO 4S I=zi,N T EXPOOTIC
1 § = 0, EXPOOT2¢(
T2 . _....DO_uo Lsy,N - e _ ExP0073¢(
73 S 88 ¢ ACI,L)wwWK(L,K) EXPOOTAC
4 4o CONTINUE EXPOO7S(
S  WK(l,kP1) = § . - EXPOOT6(
76 &S TCONTINUE TTEXPOOTTC
7 C wene EXPOOTB(
8 _C____  ___COLLECY TERMS FOR_JTH COLUMN OF NUMERATOR AND DENOMINATOR  EXP0O79(
79 C *wwe ' TEXPO0BOC
~0 DO 85 I=i,N EXPOOBY!(
e S8 =0, . EXP00B2!
42 Uus o0, EXPOOB 3
RY DO 65 L=§,8 EXPOOBAI
W e __ K. = NeSel_ - R, EXPOOBS
S KNy = KeNel "EXPOO8S!
86 P = C(KN1)awK(]I,K) EXPOOBY
oo ___. 8 =8 ¢P el e ExXP00B8:
'8 1EO0 3 MOD(KN1,2) EXP0O0OBY
89 IF (1E0,EQ,.0) GO TO SS EXPO090
°0______ ___  ___UslYerpr __ i ___EXPOO91
" GO TO 65 EXP0092
J2 SS CONTINUE EXP0OO93
93 . o vsuveseep e _ . EXPOO094
4 65 CONT INUE - ) " EXPO09S
'S P = CC1)»ACI, ) EXP0O096
96__ . _ 8§ =8 +P L e e EXP0097
"7 Us U e«P T EXP009S
18 IF (1 ,NE, J) GO YO 80 EXPO099
99 . 8 =85 ¢+ 4, e o o ~_EXP0100
no UsuU ¢ 1, "EXPOIOY
)1 80 CONTINUE EXPO10?2
)2 EA(I,J) = 8 L EX?0103
03 WK(l1,J) = U EXPO10U
)4 85 CONTINUE EXPO105
)5__95  CONTINUE _ L EXP0106
06 C mwng T T TTEXPOYOY
"7 C CALCULATE NORMALIZED EXP(A) BY WK w» EXP(A) = EA EXPO108
18 C wwew o i o _ EXPO190©
09 CALL GAUSEL (MAX,N,WK,N,EA,IERR) EXPOTTO
10 IF (IERR _NE, 0) GO TO 130 EXPO11Y
ly_._ . . 1F (v €6, 0) GO TO 130 N L o EXPO112
12 C wwes TEXPOI1Y
13 C TAKE OUT EFFECT OF NORMALIZATION ON EXP(A) EXPO1tU
14 _ C *ws ‘ i - o o L N EXPO11S
(S PO 120 K=t ,M T T T TTTEYPOTTS
16 No ti10 I=1,N EXPOL117
17 Do 110 J N o 3 EXPULLA
18 S - T T T EXPOL19
19 oo 105 L=1,N EXPO120
o _ . S =85 ¢ EA(I,LI*EA(L,J) EXPO121
21 105 CONTINUE T - ) TEXPOl122
52 WK(I,J) = 8§ EXPO123
23 110 CONTINUE EYPOL24
24 DO 115 1I=1,N A-Ub "EXPO12S
25 D0 115 J=t,N EXPO12¢
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r., SR SR e e e i o e A
i

o L L EACI,J) = wWx(1,J) . , ) EXPN1270 .
7T 115 CONTINUE ' ExPN1280
¢8 120 CONTINUE E4P01290

29.C waee .. e e e ExP01300
0C UNeNORMALIZE & TTT ExPO13{0
-1 C wane ExPO1320

32 _.__0D0 122 1st,N ~ EXP01330
"3

————— e v —— (. — -t ———— s N - ——— e aem

00 122 Jsi,N EYPO$340
q A(1,J) = A(I,J)«FACTOR EXP0O1350

35322 _CONTINUE _ . . . . EXPO136C
e GO TO 130 EXPOT3%¢C

7 C wnen ) ExPO138¢C
58 C_._ NORM OF A 18 EXCESSIVE EXP0139¢

- — —— v e —— - —— .- - — - —— . .

316 C weweyn EXPO140C
0 125 CONTINUE ExXPOL141C
y ___1ERR = § i . ) ) ExXPO142¢

42 C woenn TTEYPOf43C

"3 C EXIT ROUTINE EXPOL4UC
4 _C sewe ——— ExPO14S(

4S 130 CONTINUE EXPO146(

ué RETURN EXPO14YL

3

! 17 END __ EXPOY 4B
)
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{ . . .




-0 __ SYBROUTINE EXPINT(A,NA,B,NB,C,NC,T,10P,DUvMY) EXPOC
1 IMPLICITY REALeA (AeH,0e2) "EXPOC
2 DIMENSION AC1),8(1),CC1),0UMMY(]) EXYPOO
__3_ . _DIMENSION NA(2),NB(2),NC(2) _ . o EXPON
4 COMYON/CONV/SUMCV,RICTCV,SERCV,MAXSUM T T EXPON
5 N 3 NAC(Y) EXPOO
b L3 (Nws2) e e o EXPOO
7 NC(1) = NA(Y) T EXPND
8 NC(2) = NA&CR)} EXPOO
—9_______NB(1).m NACYY _ _ e e e _EXPOO
10 NBC2) = NA(2) EXPOD
11 T = 1 EXPOO
dc . e e e _ — e = ...____ EXPOO
13 10PT = 1 "EXPOD
14 CALL NORMS(N,N,N,A,I0PF,COL) EXPOO
AS_ _  _ JI0PT 8 Y _ EXPOO
16 CALL NORMS(N,N,N,A,IO0PT,RONW) EXPOO
17 ANAA = COL EXPOO
18 IF(_ANAA_,GT, ROW ) _ ANAA = ROW - EXPOO
19 TMAX = 1./&NAA EXPOO.
20 K20 EXPOO,
.21 __ 100 CONTINUE _  _ e e __EXPOO,
ee IF( TMAX & TT ) 125.!50 150 EXPH Y,
23 125 CONTINUE EXPOO;
24 . X =K eV ™ e EXPOO,
2s TT 3 T/7(204K) EXPOO;
26 . IFC K « 1000 )100,600,600 EXPOO;
L21c . . e _ o e EXPOO¢
28 150 CONTINUE EXPON:
29 SC = T7 EXPOO?
_30 ___  CALL SCALE(A&,NA,A,NA,TT)_ o S , EXPONI
3 CALL UNITY(8B,NB) - 7T EXP00]
32 CALL SCALE(B,NB,DUMMY,NB,TT) EXPOOY
L33 s = T1/2, o EXP0O?
34 CaLL SCALECA,NA,DUMMY(L),N&,S) T EXPOOD
35 11 = ¢ EXP0OY
J36__ . CALL ADD(DUMMY,NA,DUMMY(L),N&,DUMMY(L),NA) EXPOO3
37 CALL ADD(A,NA,B,NB,DUMMY,NA) T EXPOO3
38 CALL EQUATE(A,NA,C,NC) EXPOO3
239 200 CONTINUE _ L EXPOOU
40 caLl MULT(A,NA,C,NC,8,NB) - - EXPOOUL
ut S = 1,/11 EXPOOUY
42 _catL SCALE(B NB,C,NC,8) o EXPONUY
43 T CALL MAXEL (DUMMY,NA,TOT) - T . T T EXPOOU
uy CALL MAXEL(C,NC,DELT) EXPOOUY
us __1F(¢ TOT 6T, 1,0 ) GO 7O 300 EXPOOU
ue IF¢ DELT/TOT .LT. SERCV ) GO YO 406 T EXPOOUY
47 GO TO 350 EXPOOU
us 300 CONTINUE ) ) EXPOOU
49 IFC DELT LT, SERCV ) "GO TO 400 ~ B o ‘ T EXPOOS
50 3150 CONTINUE EXPOOS
51 .S = TT/(11 « 1) o L EXPO0S,
52 CALL SCALE(C,NC,B,NB,S) o T T T e T Tt T TEXROOS
|53 CALL ADD(B,NB,OUMMY(L),NB,DUMMY(L),NB) EXPOOS.
54 CALL 8DD(C,NC,DUMMY,NC,DUMMY,NC) EXPOOS!
55 11 = 11 «+ 1 ' T T EXPOOS
56 GO TO 200 EXPONOS"
sT ¢ ) L ) L EXPOOSS
58 400 CONTINUE TTEXPOOSC
59 CALL EQUATE(DUMMY,NB,8,NB) EXPO06!(
€0 IF( K ) 425,500,450 EXPOO6
ol 425 CONTINUE - TEXPOO0K:
62 CALL LNCNT(1) A-u48 EXPO0&2




L S PRIMT 43S N )

4 43S FORMAT(® ERROR IN EXPINT, K IS NEGATIVE?®)
65 RETURMN
“6 C__. .. —_ e e - S
7 4S50 CONTINUE
o8 00 478 J = §,K
69 __ . TT 8 277 .

0 CALL EQUATE(R,NB,DUMMY,NR)

1 CALL MULT(DUMMY,NA,DUMMY (L) ,NA,C,NC)
72 ... CaLL ADD(DUMMY (L) ,NC,CyNC,OUMMY (L) ,NC)
~3 CALL MULT(ODUMMY,NB,DUMMY, NB,B,NB)

4 475 CONTINUE

1S __ 1 =77 e e e e i,
76 C

'7 S00 CONTINUE

8 CALL_FQUATE(DUMMY(L),NC,C,NC)
79 $ s 1,/8C

\0 caLL SCALE(A,NA,A,NA,S)

11 € . _ e et el

_ 82 IFC I0P ,EG, 0 ) RETURN
CALL LNCNT(S)

| 13
> 4 _PRINT_SSOQ___.

EXPOOGUC
EXPOO6SC
EXPOObLLC
EXPONGT!
EYPOOOAC
EXPOO069(
EXPONTO(

" EXPOOTIC
EXPOOT2¢(
ExXPONT 3¢
TTEXPOOTUC
EXPOOTSI
EXPOOT 6!
TTEXRPOOTYN
EXPOO7 8!
EXPOOTOI
TTTEXPOGSO
EXPOOB1(
___EXP0082
T EXPOOST
EXPOOBU:
EXPOOBS:

85 550 FORMAT(//,’ COMPUTATION OF TWE MATRIX EXPONENTIAL EXP(A T)*,7,* AEXP008H:

THE SERIES METHOD *,/)

B T PR ——

EXPOOBT.
EXPO0OBS
"EXP008S.
EXPOO9N.
ExXP0091:
"EXP009?
EXPOOSY
EXPOO9U
EXPOO9S
EYPOOS6
EXPO0O97

T TEXPOO9B

EXPO09S
EXPO100
T EXPO10Y
ExPO102

- —— m—————

' 86 {ND ITS INTEGRAL OVER (0,T) 8Y
37 ____ CALL_PRNT(B,NA,uM &  ,1) __ T
38 CALL LNCNT(3)
89 PRINT 5§75, T
10___57S FORMAT(/,° _ T = *,D16,8,7) __
» 1 CALL PRNT(B,NB,UHEXPA,1)
92 CALL PRMT(C,NC,4NINT , 1)
93. _.___ REYURN  _
W C
: 5 600 CONTINUE
96 ... _._. CALL LNCNTC(1) e .
)7 PRINT 650
r IR 650 FORMAT( * ERROR IN EXPINT, K z 1000 *)
| 99 _ _RETURN . ) -
‘90 C
1 END
A-US

it d AoaB . e



o _ SIUBROUTINE VARANC(A,%4,6,NG,Q,NG,n,Nh, IDENT,D]ISC,I0P,DUMMUY) VAROODY
! IVPLICIT REAL#R (QeH,0=2) " . VARDOOO?
2 DIMENSION A(1),6(1),QC1),W(1),0UMVY (1) VARG DS
3 __. DIMENSION NAC2),NG(2),NG(2),NW(2),NDU¥1(2),10P(3),]10PT(2) VAR0OOU
4 LNGICAL IDENT,DISC,SYM ’ ' o T TVAROOOS
S COMMON/TOL/EPSAM,EPSAM, TACM VAROOOSG
6. .. 1F(C _I0P{1) L,ER, O ) GO YO 100 _ VAR0OO?
7 CALL LNCNT(S) TVar00O8
8 IFC DISC ) PRINT 2S5 VAROOOOS
9. . IF(C (NOT, DISC )_PRINT 1315 VARON10
10 25 ronnart'f.' PROGRAM TO SOLVE FOR THE STEADYeSTATE VARIANCE MATRIX'VAROO11
1 1,7,° FC3 A LINEAR DJISCRETE SYSIEM?,/) VAROOY?2
12 _35 FORMAT(//,' FROGRAM TO SOLVE FOR THE STEADY-STATE VARJANCE MATRIX'°VAROO13
13 1,7,° FOP A LINEAR CONTINUOUS SYSTEM®,/) T TVAROO1 G
4 CALL PRNT(A,NA&, UM & ,1) VAROO1S
5 —_1F(_,NOT, 1DENT_) GO TO SS e VAR0OO16
16 CALL LNCNT(3) TTVAROOLY
17 PRINT uS VAROO1S
18____ US_FORMAT(/,°_G ]S AN JOENTITY MATRIX °*,/) _ . - ) VAR0OO19
19 GO TO &S - VAR0020
20 5SS CONTINUE VARDO21
M _CALL_PRNT(G,NG,4H G __,1)__ _— o e VAR0022
22 65 CONTINUE TTTTTVER0023
23 1F ( ,NOT, IDENT ) GO YO 85 VARGO24
2 ___ . CALL_LNMCNTCY o ™ _ __VAR0O2S
5 PRINT 75 VARQO26
26 75 FORMAT(/,* INTENSITY MATRIX FOR COVARIANCE OF PROCESS NOISE *,/) VAROO27
MW_C___ L VAROOZ8
IR 85 CONTINUE - VARNO2D
29 CALL PRNT(G,NQ,4H O ,1) VARDOO30
30 C_ . .. . o ) . ~ VAROO3)
31 100 CONTINUE - "ARG03?2
32 IF( IDENT ) GO TO 200 VAROO33
I3 __ .. CALL MULT(G,NG,G,NQ,DUMMY,NG) _ ) __VAROO3u
34 Ni{ = NG(I)I*NG(2) + 1 TVARQO03S
35 CALL TRANP(G,NG,DUMMY(N1),NDUML) VAROO3b
36 CALL MULT(OUMMY,NG,DUMMY (N1),NDUM],B,NG) i _ VARON3?
317 C VAROO3R
38 IFC I10P(1) ,EG, O ) GO TO 200 VAROO39
o CALL_LNCNT(3).  __ e e e _vrRo0u0
4o PRINT 75 - VAROOU1
41 CALL PRNT(Q,NG,4HGOGT,1) S VAROOU2
42 € e e .. VAR00OU43
43 200 CONTINUE e VAROOUY
ud IF(,NOT, DISC) CALL SCALE(W,NW,W,NW,*1,0) o A VARONOUS
us___ I0PY(1) = 10P(2) __ s VAROOUWS
46 JI0PT(2) = 1 AL VARODAQ?
47 sYym = ,TRUE, o, VAROOUB
u8 _ ____IFC_DISC ) GO TO 300 ____ . Y AT __VAROOUS
u9 IF( 10P(3) EN, 0 ) GO TO 250 VARDOSO
50 CALL BILIN(CA,NA,A&,NA,%u,Nw,IOPT,BETA,SYM,DUMMY) VAROOS!
5. .. GO _T0. 400 __ e o __ _VaRpoOS¢
52 C VARGO0S3
53 250 CONTINUE
sS4 _ tALL RARSTW(CA,MNA,A,NA,¥,NW,I0OPT,SYM,EPSA,EPSA,DUMMY) VARNOSE
55 GO TO u0o0 VAR0O0S?
S6 C VARQOSE
S7 __.390 CONTINUE | . _ R L VAROOSS
58 CALL EQUATE(A,NA,DUMMY, NA) TVAROO6C
59 N = NA(Y)*k2 VAROOG
b0 ML o= N ¢ _ VAROO6:
61 CALL TRAMP(A,NA,DUMMY(N1),NA) A-50 VAR(OD
62 N2 = Ni + N VBROO&!
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63  _ _ _ CALL SUM(DUMMY  N&,W,NW,DUMMY(N{),NA,IOPT,SYM,DUMMY (N2)) ___VAROO®'
6u C ‘ LY
6S 400 CONTINUE VAROOG'
66_ . IFC IOP(1) LEN, O J)_RETURN _ . .. . e ... . VAROO®b!
67 CALL LNCNT(3) VAROOG
68 . PRINT 4SO VAROOT7!¢ '
69_. _4S0 FORMAT(/, ° VARIANCE MATRIX °*,/) _ _. e ___VAROOY"
70 CALL PRNT(wW,N9,d4M W ,1) VAROO7:
7T C . VAROOY:
72_ . RETURN__ _ _ _ ____ . ———— e = VAROOT7!

73 END N ’ VAROOT®
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0_______ SUBRUUTINE CTYROL(A,NA,B,NH,C,NC,10P,J4C, IRANK,DUMMY) CTRONO

1 IMPLICIT REAL®8 (Ae),0e2) CTR000

2 DIMENSION A(1),BC1),CC1),0UMMY (1) CTRO0O
.3 _____ _OIMENSION NA(2),NB(2),NC(2),NV(2),10P(S) __ . _ _ __ CTROOO
4 N = NA(1)aNB(2) CTROOO
S Ny = Nel CTRO0O
.6 N2 B NieN_ e . L _ CTROOO
7 K 2 NA(1)=1 . " CTROO0O
8 J = 1 CTRO00
-9 < e o _ L . L —_ _____cTROO!
10 CALL EQUATE(B,NB,DUMMY (N2),NV) "CTRO0Y
11 CALL EQUATE(B,NB,DUMMY, NB) CTROO1Y
~12_100 _ CONTINUE_ ——eee . ____CTROO!
13 CALL MULTC(A,NA,DUMMY,NB,DUMMY(N1) ,NB) CTROOY
14 CALL JUXTC (DUMMY(N2),NV,DUMMY(N]1),NB,C,NC) CTROOY
1s_¢ _ . _ CTROOY
16 1IF( J ,EQG, X ) GO TO 200 “crRodf
17 € CTRONY
18 CALL_ENUATE(DUMMY (N1) ,NB,DUMMY NB) _ CTROO1
19 CALL EQUATE(C,NC,DUMMY (MN2),NV) CTYRO02
20 J=zJ ¢+ CTR002
21 60_Y0 100 __ . e CTROO02
ee C CTROOZ2
23 200 CONTINUE CTROO2
L24_¢C . R oed L CTROO02
2s CIFCIOP(Y) LEG, 0 ) GO TO 300 CTROO2
26 CALL PRNT(A,NA,4H A ,1) CTROO02
27 ____CALL PRNT(B,NB, 4N B ,1) _ o ___CTROO?
28 CALL LNCNT(4) T CTR002
29 PRINT 250 CTROO2
_30____250 FORMAT(//,* THE MATRIX C IS THE CONTROLLABILITY MATRIX FOR THE A/CTR003
31 1B PAIR’,/) > - " CTROO3
32 CALL PRNT(C,NC,4H C ,1) CTROO3
_33 cC e CTROO3
34 300 IF( 10P(C2) LEQ, 0 ) RETURN ) T TTTTTTTETRO03
35 NDS = 0 CTROO03
3%6____ 1oPT =2 L L L CTROO3
37 K = NC(2) ) "CTROO3
38 NC(2) = NB(Z)*(NA(Z)-NB(E)*!) CTR003
_39 N = _NC(1)#NC(2) CTROOU
40 CALL TRANP(C,NC,DUMMY,NV) T “‘ CTRODT
4l NC(2) = K CTROOU4
42 NL =N+t L _ CTROO04
u3 N2 3 Nt ¢ NV(2) T oo T T o T s T T ~  CTROOY
44 CALL SNVDECCIOPT,NV(1),NV(2),NV(1),NV(2),DUMMY, NOS,B,IAC,ZTEST,DUMCTRO0U
45 IMY(N1),DUMMY (N2), IRANK,A, IERR) CTROOU
4e IF( IERR LEG, 0 ) GO TO 340 CTROO"
47 caLL LNCNT(S) CTROOY
48 ___IFC 1ERR ,GT, 0 ) PRINT 310,IERR CTROOUY
49 "IFC¢ 1ERR LEQ, =1 ) PRINT 320, ZTEST,JRANK Tt T T CTROOS
50 310 FORMAT(//, IN CTROL, SNVDEC HAS FAILED TO CONVERGE TO THE °,I14, °‘CTRODS
51 1 SINGULAR VALGUE AFTER 30 ITERATIONS *) ' CTROOS

52 320 FORMAT(//,° IN CTROL, THE MATRIX SUBMITTED TO SNVDEC USING ZTEST =CTR0O0S

53 1°,016,8,° IS CLOSE YO A MATRIX WHICH IS OF LOWER RANK®,/,' IF THE CTR00S
4  2ACCURACACY IS REDUCED THE RANK MAY ALSOD BE REDUCED®,/,* CURRENT RACTR00S
55 INK =°,14) T : Co ‘CTTRO0S
56 IF( IEPR ,GT, 0 ) RETURN CTROOS
57T C CTRO0S
- 58 T340 CONTINUE } - " CTROOS
59 1F( I0P(3) LEQ, 0 ) GO TO 400 CTRO06
60  CALL LNCNT(6) CTRO06
61 PRINT 350,ZTEST, IRANK CTROOG

62 350 FORMAT(//,* RASED ON THE ZERO-TESY ’,D16,R," THE RANK OF THE CONTRCTROO&

- - A~52
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.63 _ _ _ JOLLARILITY MATRIX 1S *,14,/,° THE SINGULAR VALUES ARE °*,/) CTRO
X INPYT =2 0 cTRn
65 NV(Y1)z NV(2) CTRO

66 . _hv(2)= 1 o . L CTRO
67 CALL PRNT(DUMMY(N1),NV,I0PT,3) ST T T etRo
68 C CTRO

. 69.___4nQ IF( 10P(4) LEQ, 0. ) RETURN __ L L L CTRO
70 N = NA(Q)we? T CTRO
71 CALL EQUATE(DUMMY(N2),NA,DUMMY,NA) CTRO.

T2 __ Ny = N_$ YV __ e CTRO
73 N2 = N{ ¢ N - “"CTRO
74 CALL MULT(A,NA,DUMMY,NA,DUMMY(N]),NA) CTRO

__.1S ._. __._CALL TRANP(DUMMY,NA,DUMMY (N2),NA) e CTRO
76 CALL EQUATE (DUMMY(N2),NA,DUMMY,NA) - ~ CTRO!
77 CALL MULT(DUMMY,NA,DUMMY (N1),NA,DUMMY (N2),NA) CTRO!
18 LALL_MULT(DUMM: ,NA,B,NB,DUMMY (N]1),NB) CTROC
79 C CTROY
80 IFC 10P(S5) ,EQ, 0 ) RETURN CTROC

—-BY __ CL. L_LNCNT(S) e CTROC
82 PRINT 500 - CTROC
83 500 FORMAT(//,* CONTROLLABILITY CANONICAL FORM ® (V TRANSPDSE) A CTROC
By | W'AD I _ CTROC
8s CALL PRNT(DUMMY(N2),N&,I0PT,3) CTROC
86 CALL LNCNT(2) CTROC

.87 PRINT S10 _  _ .. e SO _— N CTROGC
88 S10 FORMAT(/,* (V TRANSPOSE ) B *) TTTTTTTeTRO0
89 CALL PRNT(DUMMY(N1),NB,JOPT,3) CTROO

— 90 caLL_LNCNT(2) L CTROO
91 PRINT 5§20 CTROD
92 S20 FORMBT(/,* V TRANSPOSE') CTROO

.93 ___ ___CALL PRNT(DUMMY,NA,IOPT,3) e - CTROO
9¢ C - CTROO
95 RETURN CTROO

.. 96____ ___END . .. . _ CTROO

-t ——n - —— —
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SUBROUTINE TRNSIT(A,NA,B,NB,H,NH,G,NG,F,NF,V,NV, ToX,NX, DISC STABL TRNOO! !

0
! 1 1€,19P,0UMmY) TANNO! ,
2 IMPLICIT REAL*8 (AeH,0e2) TRNOO! |
.3 .. DIMENSION A(1),B(1),H(1),G(1),F(1),V(1),X(1),0UMMY (1) TRNOO( ;
o4 DIMENSION NAZg),NB(2),NH(2),NG(2),NF(2),NV(2),NX(2),T(2),10P(4) "~ TRNOOC ;
| S DIMENSION NDUM1(2),NDUM2(2) TRNOO(
6 _ _ _LOGICAL ©DISC,STaBLE . S TRNOO! g
7 N = NA(1)eNA(2) o T TRNOOC |
8 NG = N + TRNOO( ;
S N2 =N e N e . TRNOO i
10 NS = N Y Nz - T T -*-_TRNOO1
1 N4 2 N + N3 TRANOOY g
Jde._ . _NS s NeNe_ S TRNOO 3
13 N6 = N + NS T o TRNOO |
14 C TRNOO1 |
A4S CALL_LNCNT(4) _ _ TRNOO ;
16 IF(DISC) PRINT 100 TRNOOY
17 1IF( (NOT, DISC ) PRINT 120 TRNOO ;
18 100 FORMAT(//,° COMPUTATION OF TRANSIENT RESPONSE FOR THE DIGITAL SYSTTRN0O] 5
19 1EM /) TRNOO:
20 120 FORMAT(//,* COMPUTATION OF TRANSIENT RESPONSE FOR THE CONTINUOUS TRNOO:
el .1 SYSTEM®,/) o TRNOO: ;
22 CALL PRNTCA,NA,4H & ,1) TRNOOZ %
23 CALL PRNT(B,NB,d4H B ,1) TRNOOZ
el IFC_(I0P(1) (NE, 1) .AND, (IBP(1) .NE, 0) ) GO 7O 180 TRNOOZ é
25 CALL LNCNT(3) T T U TTTUTIRNOOE
26 ~1FC 10P(1) LEQ, 0 ) PRINT 140 TRNNO2 :
LY. IF(_TOPCY) LEG, 1 ) PRINT 166 __ - TRNOOZ2
28 140 FORMAT(//,° W IS & NULL MATRIX ) TTTTTTT T TTTIRNNGR
29 160 FORMAT(//,° H IS AN IDENTITY MATRIX ¢) TRNOO3
-30____. GO _TO 200 e S TRNOO3
31 180 CONTINUE - = TTTTUTTTTTIRNOOS
32 CALL PRNT(H,NM,4H H ,1) TRNOO3
.33 ___200 CONTINUE __ = i ) L . TRNOO3
34 IFC (I0P(2) (NE, 1) LAND, (I0P(2) (NE, 0) ) GO TO 260 T TTTIRNOOY
35 CALL LNCNT(3) TRNOO3Z
36 . IF( 10P(2) L EG, O ) PRINT 220 L ) - TRNOO3 |
37 IF( 10P(2) .EG, 1 ) PRIWNT 240 TTTTRNOOS
38 220 FORMAT(//,° G IS A NULL MATRIX®) TRNOO3
.39 __240_FORMAT(//,° G 1S AN IDENTITY MATRIX®) = _ . __ ... TRNOOM
40 GO TO 280 T T T IRNOOG 5
43 260 CONTINUE TARNOOW4 %
42 CALL PRANT(G,NG,UN G_ 1) . ) TRNOOY :
43 280 CONTINUE ~ T TRNOOW
4y CALL PRNT(F,NF,4H F ,1) TRNOOY
45 IFC (I0P(3) .NE. 0) .AND, (IOP(3) ,NE, 1) ) GO T0 295 _  __ TRNOO4
46 CALL LNCNT(3) TRNOOY
a7 IF(I0P(3),EQ,0) PRINT 285 TRNOO4
48 ________IF(I0P(3),EQ,1) PRINT 290 e e TRNOO4
49 285 FORMAT(//,° V IS A& NULL MATRIX®) TUTRNOOS
SO 290 FORMAT(//,° V 1S AN IDENTITY MATRIX®) TRNOOS
54__ .. ..60_TO 300 _ O — . IRNOOS
52 295 CONTINUE “ TRNOOS -
53 CALL PRNT(V,NV,4H V ,1) TRNOOS |
S4_C_ __ . TRNOOS
1S5 300 CONTINUE T TRNOOS
| 56 CALL EGUATE(A,NA,DUMMY (N6),NA) TRNOOS
S7..__._ _CALL MULT(B,NB,F,NF,DUMMY,NA) = S TRNOOS
58 CALL SUBT(A,NA,DUMMY,NA,4,NA) T T TTRNOOS
59 C TRNOOG
&0 _. . IF(DISC) GO TO 350 _ TRNOOG
61 MMAX = T(1)/T(2) A-54 TRNOOG,

}62 10PT 1 TRNOOG




T TR v T T T e T

63 TT = T(2) A TRNOO
64 1F( 10P(3) ,NE, 0 ) GO TO 315 TRNOO
65 CALL EXPSER(CA,NA,DUMMY,NA,TT,10PT,DUMMY(N1)) TRNOO
-.66___ _ . GQ TO 400 _ L o . TRNOO
67 315 CONTINUE - TTYRNOO
68 caLL EXPINT(A,NA.DU“MY,NA.DUMMV(N!),NA,TT,IOPT,DUMMY(NB)) TRNOO
69 _ _ __ CALL MULT(DUMMY(N1),NA,B,NB,DUMMY(N2),NB) o TRNOO
70 IF( 10P(3) ,NE, 1 ) GO TO 32S TRNOYD
71 CALL EQUATE COUMMY(N2),NB,DUMMY(N]1),NX) TRNOO
12_._. _GQ TO W00 _ . . __ . . e e TRNOO
73 325 CONTINUE TTTTIRNOO
T4 CALL MULT(OUMMY(N2),NB,V,NV,DUMMY(N1),NX) TANOO
.7S__ ... GO TO uoo____ . L o TRNOO
76 350 CNANTINUE T YRNOY
77 NMAX = I0P(4) TRNOO
_18 CALL EQUATE(A,NA,DUMMY,NA) . TRNOO
79 IF( 10P(3) LEG, 0 ) GO TO 400 TRNOO.
8o CALL MULT(B,NB,V,NV,DUMMY(N]1),NX) TRNOO.
81 C N e TRNOO:
82 400 CONTINUE TRNOO!
83 CALL LNCNT(4) TRNOO
_84 __PRINT @20 . . e TRNOO!
8s 420 FORMAT(//,° STRUCTURE OF PRINTING TO FOLLOW’,/) - TRNOO:
86 CALL LNCNT(6) TRANOO!
_87 _BRINTY Guo__ = S TRNOO!
88 440 FORMAT(® TIME OR STAGE *,7/,° STATE = X TRANSPOSE « FROM DX = AXTRNOO!
89 1 ¢ BU’,7,* OUTPUT « Y TRANSFOSE e FROM Y = HX ¢+ GU IF DIFFEPENTTRNOO¢
. 9Q_. . ___2 _FRO™ X*,/,' _CONTROL = U TRANSPOSE = FRCM U = «FX ¢ V°,//) TRNOOC
91 C TTTTTTTTTTIRNOOS
92 K =0 TRNOOS
_93 L =0 N _ TRNOOC
9u CALL SCALE(F,NF,F,NF,=1,0) ) " TRNOOC
9S C TRNOOS
96 450 CONTINUE L TRNOOS
97 IF( X ,GT, NMAX ) GO TO 800 T T T T T T T T TRNOOS
98 CALL MULT(F'NF,X NX , DUMMY (N2) ,NV) TRNOOS
99 IF( 10P(3)  NE, 0 ) CALL ADD(DUMMY(N2),NV,V,NV,DUMMY(N2),NV) TRNO10
100 CALL MULT(DUMMY NA,X,NX,DUMMY (N3),NX) T TRNO10
01 IFC I0P(3) L,EQ, 0 ) GO TO 475 TRNO1O
02 CALL ADD(DUMMY (N1),NX,DUMMY(N3),NX,DUMMY(N3),NX) TRNO10
103 475 CONTINUE C T T T TRNoto
‘04 IFC JOP(2) LEQ, 0 ) GO TO SeS TRNO1O
05 IF( IOP(2) .EG, 1 ) GO TO S00 TRNO1O
106 " CALL MULT(G,NG,DUMMY(N2),NV,DUMMY (N&4),NDUM]L) - TRNO10O
107 GO TO SeS TRNO10
08 500 CONTINUE e TRNO1O
09 CALL EQUATE (DUMMY(N2),NV,DUMMY(NU),NDUML) TTTTTTTYRNOY Y ,
110 525 CONTINUE TRNO1Y |
‘11 IF(C I0P(1) ,E@, 0 ) GO TO S75 N N TRNO1 1 i
12 IFC I0P(1) LEQ, 1 ) GO TO SSo T oo T T ~YRNO11
113 CALL MULT(H,NH,X,NX,DUMMY(NS),NDUMY) TRNOL1
114 GO TO S75 TRNO1
1S~ S50 CONTINUE Tt T T T TOTTTTITTTTT T T UCTRNOT z
g6 CALL EQUATE(X,NX,DUMMY(NS),NDUM]) TRNO1Y |
117__,575 CONTINUE _ TRNO1 Y
18 IFC I0P(2) .EQG, 0 ) GO TO 600 - " TRNOL Y
19 IFC 10P(1) L,EQ, 0 ) GO TO 700 TRNO1 2!
120 CALL AUD(DUMMY(NHJ'NDUMi,DU“MY(NS) NDUMY, DUMMY(NaJ NDUMY) TRNO1 2
‘21 GO TO 700 -7 TTRNO12;
e 600 CONTINUE TRNO1 2’
123 TF( 10P(1) NE, 0 ) CALL EQUATE(DUMMY(NS),NDUM],DUMMY(NU),NDUMI) TRNO§2:
124 C ’ TRNOY 2!
25 700 CONTINUE TRNO Y 2¢
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126 _____ CALL LNCNT(S) o L A TRNO
127 1F( ,NOY, DISC ) GO TO 720 B o T TRNO
128 PRINT 710,K TRNO'
129 _ 710 FORMAY(////018). . TRNO
130 GO T0 740 I TR
131 720 CONTINUE TRNO)
132, _ . TIME=K#T(2) o _ o TRNO!
133 PRINT 730,TIME T TRNOY
134 730 FORMAT(////+D16,7) TRNO
135 __740 CONTINVE . . e e e, TRNOY
136 CALL TRANP(X,NX,DUMMY(NS),NOUM2) T T T TIRNGY
137 CALL PRNT (DUMMY(NS),NOUM2,L,3) TRNO1
138_ ___IFC (10P(2) (EQ, 0) ,AND, ( (IOP(1) .EG, 0) ,OR, (IOP(1) ,EQ, 1) )TRNOI
139 1) GO T0 750 7T T TRNOY
140 CALL TRANP(DUMMY (N4 ,NDUM],DUMMY (NS),NDUM2) TRNOY
141 _CALL PRNT(DUMMY(NS),NOUM2,L,3%) TRNO
142 750 CONTINUE TTTTTT OTRNOY
143 CALL TRANP(DUMMY (N2),NV,DUMMY (NS),NDUM2) TRNO1
44_ CALL PRNT(DUMMY(NS),NDUM2,L,3) _ ___  _ . . _ .. ___ TRNO!Y
145 € T OTRNOY
146 CALL EQUATE (DUMMY (N3),NX,X,NX) : TRNO1
147 K 3 K $ % _ e TRNOY
148 G0 T0 4S50 TRNOY
149 C TRNO1Y
150 € _ TRNO!
151 800 CONTINUE 7T TRNOY
152 " CALL SCALE(F,NF,F,NF,=1,0) TRNO1
183 __ _ IF(. ,NOT, STARLE L,OR, _IOP(3) .EQ, 0 ) GO YO 00 TRNO1
154 IFC JOP(3) ,EG, 1 ) GO TO 820 T TRNOU
155 CALL MULT(B,NB,V,NV,DUMMY,NX) TRNO I
1S6.__. .. G0N TO 840 R o ) . TRNOY'
187 820 CONTINUE ' TRNOYL'
158 CALL EGUATE(B,NB,DUMMY,NX) TRNOY®
159_ 840 CONTINUE. S A o ~__ TRNO1
160 IF¢ (NOT, DISC ) GO TO 860 TRNO 1
161 CALL UNITY(DUMMY(N1),NA) TRNOL
162 CALL SUBT(DUMMY(N1),NA,A&,NA,A,NA) N ~ TRNO1¢
163 860 CONTINUE " TRNO1Y¢
164 IFAC = O TRNO ¢
165 _____ CALL GELIM(NAC1),NAC1),A,NX(2),DUMMY,DUMMY(N1),IFAC,DUMMY(N2), TERRTRNOT¢
166 1) TRNOY¢
167 IF( IERR LEQ, 0 ) GO TO &80 TRNO1E
168_ ___ __CALL LNCNT(3) . _ . __ . .. [ __ TRNO1¢
169 1F¢( ,NOT, DISC ) PRINT B6S TRNO1?
170 IFC DISC ) PRINT 870 TRNOL?
{7.0.__B65 FORMAT(//,* IN_TRNSIT, THE MATRIX_A=BF SUBMITTED VO GELIM I3 SINGUTANO17
|72 1LAR) T YRNOt?
173 870 FORMAT(//,* IN TRNSIT, THE MATRIX I = (A=BF) SUBMITTED TO GELIM ITRNO17
‘74 _____ 1S SINGULAR®Y . ... L TRNOL7
75 GO TO 900 ‘ T TRNOLY
176 880 CONTINUE TRNO1T
177 . ... IF( ,NOT, DISC ) CALL SCALE(DUMMY,NX,DUMMY,NX,=1,0) . __ TRNO17
7% CALL LNCNT(S) TRNO17
.79 PRINT 890 TRNO18
180 _ B90 FORMAT(////,° STEADY=STATE VALUE OF X TRANSPOSE’) , ~ TRNO1B
a1 CALL TRANP (DUMMY,NX,DUMMY (NS),NDUM2) " TRNO1®
R2 CALL PRNT(DUMMY (NS),NDUM2,L,3) TRAND18
183 C _ _ - . e . __ _1mNnOiB
184 900 CONTINUE TRNO18
"S5 CALL EQUATE (DUMMY (N6),NA,4,NA) TRNO18
186 C TRNO18
187 RETURN A-56 " TRND18

88 END TRNO18'
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13
14

A5 CALL LNCNY(3) ____

16
17

19
20

-2l _PRINT 45,7

e2
23 C

es C
26

-4 G

28
29

31
3e

c. . ..
c

e .~ - CALL LNCNT(S)

SUBRCGUTINE SA”PL(AoNA'BoNecp'NQonNRo“onr7'IOPODUM”Y[_

IMPLICIT REAL#R (AeW,0=7)
DIMENSION A(1),B(1),0(13,R(1),w(1),DUMMY(])
DIMENSION NA(2),NB(2),NQ(2),NR(2),NW(2),10P(2),NOUM(2)
COMMON/CONV/SUMCV,RICTCV,SERCV,MAXSUM
1FC I0P(Y) L,EQ, 0 ) GO YO 100
.EG, 0 ) GO TO SO

1FC 10P(2)

PRINT 25

,M“‘
SAMOO:
T SAMOO
SAMOO!
SAMNO!
T T 8SAMO0!
SAMOO!
CLLL X
SAMOO!
SAMOO0¢(
SAMOQ0 !
SAMOO!

2S5 FORMAT(//,° COMPUTATION OF WEIGHTING MATRICES FOR THE OPTIMAL SAMPSAMOO)

35 FORMAT /,- CONTINUOUS PERFORMANCE INDEX WEIGHTING MATRICES®,/)
CALL_PRNT(Q,M],4H G

uS FORMAT(/,* SAMPLE TIME = °*,016,.8,7)

e

S0

75

.30 .

33

34
3S
36 . ..
37 C
38

39 C __ .

40
u
42
43
44

us_C .

46
47
ue
ue
50

85
100

\LED=DATA REGULATOR PROBRLEM®,//)

FORMAT(/,* T =

CALL PRNT(A,NA,4H A
CALL PRNT(B,NB,4H B

v 1)
1)

SAMO0
SAMO01
SAMO0
SAMO001

- s

PRINT 1%

1)

- o —— - . e -

SAMNO1
SAMO01
SAMO0O0Y

CALL PPNT(R,NR,4H R
CALL LNCNT(3)

1)

. ——— - oo — - —

SAMO02
SAMO00Z |
SAMO02 ;

GO.T0 100 —_———

- - - —— — e ———— — -

CONTINUE
CALL LNCNT(B).
PRINT 75

FORMAT(//,°* COMPUTATION OF THME RECONSTRUCTIBILITY GRAMIAN’,/,* FORSAMO03
| THE (&,H) SYSTEM OVER THE INTERvVAL (0,T)
2 H TRANSPNSE ) X H*,//)

CALL PRNTY(A,NA,UH A
calLL PRNT(O,NR,4H Q
CALL LNCNT(3)

PRINT 85,7

0 1)
e 8).

*1016,8,7).

CONTINUE

N = NA(l)

L s ( Nex2)

Nt = L« __
N2 2 N1 + L

TT =7

SAM002
Samo02
Samooe

*,/,° THE MATRIX G IS

$AM002
SAM002
samo62
S$amp02

(SAMOO03
'§SAM003
SAM003 :
SAMOOY i
TSAMNO0Y 1
SAMO03

_ 5aM003
SAMO0Y
SAMOO03
SAMONY
TTSAMO0U
SaMo0s
SAMOO0Y

. SAMOO04
SAMOO4!
SAMOOU.

I0PT =
CALL NORMS(N,N,N,4,I0PT,ANORM)
JOPT_ = 3

CALL NORMS(N,N,N,4,]0PT,ROWA)

S1 € _

S5e
53 C

sS4

55
Se C
57. ..
54

.59

125

150

60 . __

61
Y4

IF( ANORM ,GT, RUWA ) ANORM = ROWA

IF( ANORM ,LE, 1,E~157) 60 To 900
_TMAX = § ,0/7ANORM .

K =z 0

CONTIMUE _ - - -
IF( T™AX = TT ) 150,150,200

CONTINUE

K = K + |

TT = 7/( 2%*K)
IF( kK = {000 ) 125,800,800

SAMDOU"
SAMO0 Ul
SAMQOU:
TTT8BAMO0ST
SAMO0S:
SAMQO0S5,

T SAM0O0S:
SAMOOS!

_ SAmMQOS*
SAMO OS¢
SAMQO0S"

_ SAMOOSE
‘SAMO05¢
SAMOO06¢(
SAMOO06]

T SAMO006;
SAMONG?

e



lZS

]

A

N3 = N2 + L

e e - “
63 C ___. . N SAMOC
64 200 CONTINUE T 8AaMO¢
S C SAMOC
66 ____ 180 __ . . .. . e . SAvC
67 SC = T7 SAMOC
68 CALL SCALECA,NA,A,NA,TT) SAMOC
09__ __. _CALL SCALE(O,NO,Q,NA,TTY  _ _ _ . o . . .Sawmoc
70 cal.L EQUATE(Q,NG,DUMMY,NQ) SAMOC
74 C SaAMUO
T2 ___1FC 10P(2) ,NE,_ 0 ). 6Q 70 .S00 ... . ___ . _ _.._._ .. . Samo0
73 C SAMO0
74 225 CONTINUE SAMOO
IS It w Y e - . _____SAMOO
76 I s ¢+ $aM00
77 F = 1,0/11 SAMOO
78 _CALL_SCALE(A,NA,DUMMY(N1),N&,F) __SAMON
79 CALL MULT (DUMMY,N&,DUMMY(N1),NA,DUMMY (N2),NA) SAMOO
80 CALL raa~p<ounuv<~a) NA,DUMMY (N]),NA) S$aM00
By CALL.ADDIDU“MIJNI)JNﬁLQUﬁﬂ!&HB)'NﬁLQQNﬁ!LNQ),m_~”_. SAM00
82 € SAM00
83 CALL MAYEL(G,NG,TOT) SAMOD
_BU4________CALL MAXEL(DUMMY,NA,DELT) . . e _SAMOO
8S IF( TOT ,6T, 1,0 ) GO TO 250 SAMOO
86 IF( DELT/TOT LT, SERCV ) GO TO 300 8SAMOO
Bl ___ BN TO 27S__. ____ - - R e — SAMO00 s
88 250 CONTINUE . SAMOO |
89 IF( DELT ,LT, SERCV ) GO TO 300 SAM)0 |
_ 90 _ 215 _CONTINUE o L SAMOO i
91 CALL ADD(G,NG,DUMMY,NA,Q,NG) TTTTT samo00 |
92 GO TO 22% SaMQO
e3¢ S, - SaM00'
94 300 CONTINUE - ~ SAMOO'
95 € SAMOO'
96 1F( K LER, 0 ) GO TO 400 e e SRWMOO!
97 N3 & NZ ¢ L T SAMOO!
98 6 = 1,0 SAMOO!
99 _ 10PT = 0 ' SAMO 1
100 CALL EXPSER(A&,NA,DUMMY,NA,G,I0PT,DUMMY(N1)) T 8AMOY I
101 C SAMO1(
102___ 350 _CONTINUE _ _ SAMO1
103 IF( K (EQG, 0 ) GO TO 400 SAMO{(
104y K = Kei SamMo1(
105 C . o _— e .. SAMOIC
106 CALL TRANP (DUMMY,NA,DUMMY(N1),NA) - - TT saMo1¢
107 CALL MULT(G,NG,DUMMY,NA,DUMMY (N2) ,NAa) SAMO1C
108 CALL ! ”ULT(DUMMY(NI),NA OUMMY(NZ) NA,DUMMY (N3),NA) 3 SAMO1C
109 CALL ADD(O,NQ,DUMMY (N3),NB,G,NG) samMoTy
110 CALL MULT(DUMMY,NA,DUMMY,NA&, ouumvcwxa.NA) SAMO1{
111 CALL EQUATE(DUMMY(N1),NA,DUMMY,NB) . ) o SAMO1 Y
112 € 7T SAMO1Y
113 GO TO 350 o SAMO11
130 C Aam_,”r‘ L SAMO1Y
115 400 CONTINUE % 2” TTTTTITTT saMoYy
116 s = 1,0/8C 2. v SAMOYY
117 CALL SCALE(A,NA,A,N&,8) AN _ SAMO1Y
118 C e T T SAMO1Y 3§
‘LiQ IFC 10P(1) LEG, 0 ) RETURN 2N samo12 §
i20 CALL PRNT(G,NQ,UHGRAM,1) _ . samMo12
121 RETURN N T T 8AMOg2
22 C SAMO12
.23 __ 500 CONTINUE ) SAMO1D
124 CALL SCALE(B,NB,B,NB,TT) A58 SAMO12 |

SAMO12 ;




126___ . NU =.N3 & L o smoxa
127 NG 3 NO ¢ L ) ) SAM0!23§
128 Me 3 NS ¢ L Sampye
129_C.. o i i A SAMO13 |
1130 525 CONTINUE T T T saM01Y
131 11 21 ¢ 2 SAMO1Y
132___ _ 131 + e ; o SAMO1T
133 F=1,0/11 ‘ T 8AMOLY
134 CALL SCBLECA,NA,DUMMY(NJ),NA,F) SAvMO1Y
135 . .callL TR&NP(DUMMV(Nl) NA,DUMMY (N2),NA) e SaAmMp§l
136 CALL MULT(DUMMY,NA, ouuuvc~a) NA,DUMMY (N3),NA) TTTTT T sgmMoel
137 CALL TRANP(DUMMY(N3),NA,DUMMY(N1),NA) SJMo1Y
“138._~.,N”LALL_MULT(DUMMY.NA,B,NQ,OUMMY(NS).Nwz L o SAMO1l
139 CALL ADD(ODUMMY (N1),NA,DUMMY(N3),NA&,DUMMY,NA) EYLI Y
140 CALL SCALE(DUMMY (NS),NW,DUMMY (N1),Nvi,F) SaAMOY4
14y IFC 1 JNE,._1 )_GO TO_SSQ — SAMO1L !
142 CALL EQUATE(DUMMY (N$),NW,W,NW) SINGIL
143 CALL EQUATE (DUMMY(NY),NW,DUMMY (N6 ,NW) Samote
144 CALL. ADD(Q,NQ,DUMMY,NG,Q,NQ) e . SAMOLL
148 GO Y0 S25 TT8AMOLL
146 € SAMOL U
147 ___SSO_CONTINUE _ SAMO1 U
148 CALL MULY (DUMMY(N2),N&,DUMMY (N6, N#, DUMMY (N5), NW) SAMOIL
149 CALL ADD(DUMMY (NS) ,NW, DUMMY (A ) ,Nw, DUMMY (N1) ,NW) SAMOY &
150 CALL TRANP(B,NB,DUMMY(N2),NDUM) e SAMOLS
1514 catL sanE(oummvc~2) NDUM, DUMMY (N2) ,NDUM,F) T 84MO1S
152 CaLL MULT(DUMMY(N2),NDUM,DUMMY (N6) ,NW, DUMMY (N3 ),NR) SAMO1S
183 __ CALL. tpane(oummv(~3> NR, DUMMY (NS) ,NR) . - ____ _8AaM01S
154 caLtL Aoocouuuvcws).NR.DUMMvtws) NR,DUMMY (N3),NR) 9AM01S
15§ CALL EQUATE (DUMMY (N1),NW,DUMMY (N6),NW) SAMOLS
156 _______IF(. 1 ,NE, 2 ) GO TO 575 e B R .. SAm01S
157 CALL ADD(G,NG,DUMYY,NG,Q,NQ) 8AMO1S
158 CALL ADDCW,Nw,DUMMY(NT),NW,wW,NW) SAMO1S
159 _CALL FQUATE(DUMMY(N3),NR,DUMMY (NU),NR) e SAMO1 6
160 GO TO 525 TTTT8IMO16
161 C 8SAMO16
162__ S75 CONTINUE _ e L L N _ Samoye
163 CaLL MAYEL(G,NQ,TOT) " SAMO16
164 CALL MAXEL (DUMMY,NG,DELT) SAMO16
' 165____ __IF( TOT ,GT, 1,0 ) GO_TO 580 L SAMO1 ¢
166 IF( DELT/TOT LY. SEPCV ) GO TO S8S SaMO16
167 GO TO 59% SaM01 4
168.C .. e . R - L1, 3 ¥
169 580 CONTINUE SAMO1Y
170 IF( DELT LT, SERCV ) GO TO 58S SAMO17
171 _GO_YO0 S9S_. __ . __ . N SAMo017
172 C SamMoi?
173 585 CONTINUE Samo1Y |
174 ..CALL MAXEL (DUMMY(N4),NR,TOT) SAMO17 |
178 CALL MAXEL (DUMMY(N3),NR,DELT) T 8AMOY7 .
176 IF( TOT .GT, 1,0 ) GO TO S90 SaAM017
177____ . _I1FC DELT/TOT LT, _SERCV ) GO TO 600 i e SAMO1Y |
178 GO T0 59% TSAM017 |
179 € 8aM018 i
180_ S0 _coONTINVE o SaAMD18 3
'181 IF( DELY LT, SERCV ) GO TO 600 T 7 8amM018 §:
182 C SAMO1R 1}
183 _._595 CONTINUE i e e _SAMO18 |
184 CALL ADD (GQ,NG,DUMMY,NG,R,NG) T SAMOR
185 CALL ADD(W,NW,DUMMY(NT) , NW,W,NIW) SAMOLIR ¥
186 _ CALL Aoocoummvtua),Nﬁ,oummv(u3).NR.DUMMY(NA).NR) SaM018 |
;187 GO TO 528 A-59 "SAMQ1R

188 C

SAMO1E |




189 600 COMTINUE \ o Sam0)
190 1F( » ,EC, 0 ) GO TO 700 SAMO
191 G 81,0 SAMny
192__,___,___‘ INPYT 8 ¢ ) $4401
193 CALL EXPINT(A,NA,DUMMY,NA,DUMMY (NT),NA,G,10PT,DUMMY (N2)) T SAMO1
194 CALL MULYTIDUMMY(NT)Y,NA,B,NB,NUMMY (N2), Ne) SAMO ]
106 . . CdLLhEOUATE(DUMVV(N?);NBoOUMMY(Nl)pNB) i o BLLEJ
19¢ C CYLL Y
197 650 CONTINUE SAMOY
196 ___ __ _IF( X ,E0, 0 ) GO _TO 700 e e 84amM01
199 K 8 K « | _._.-.S‘MOZ
200 CaLL MULT(Q,NG,DUMMY, NA,DUMMY(N2),NA) 8aM02
203 _____ CALL TRANP(DUMMY,NA,DUMMY(N3),NA) o SAM02
eoe CALL MULT(DUMMY(N3Z),NA,DUMMY(N2),NA,DUMMY (NS),NA) T T 8AM02
203 CALL MULT(G,NQ,DUMMY(N1),NB,DUMMY (N2),NB) SAM02
204 CALL ADD(G,NG,DUMMY(NS),NA,G,NQ) $amMp2
20S CALL MULT(DUMMY(N3),NAa,DUMMY (N2),NB,DUMMY (NS) ,NB) SAMO2
ene caLL MvLY(OUantwl).NA.w.Nw.oumvv(Ne) NW) SAM02
207 CALL _ADD(DUMMY (NS) ,NW, DUMMY (N6)  NW,DUMMY (NS) ,NW) SAMp2!
208 caLL TPANP(DLMMY(NI) NB, DUMMY(Nb).NDU“) 8amQ2
209 CALL MULT(OUMMY(NG),NOUM,W,NW,DUMMY (N3),NR) SAM02
210 _.CALL ADD(W,Nw,DUMMY (NS) ,NW,W, Nw) SAMO2
211 callL MULT(DUMMY(Nb) NOUM, DUMMY (N2 ) ,NB, DUMMY (N8Y,NR) ™~ — 7 -~ SAMQ2
212 CALL ADD(DUMMY(NS),NR,DUMMY (N3),NR, DUMMY (NS),NR) SAMQQ2
eAS _ _ _cALL TRANP(DUMMV(N}) ua ouuuvtwe) NR)Y SAMO2"
214 . CALL ADD(DUMMY(NS),NR, DUMMY(Nb) NR,DUMMY (N6 ) ,NR) TTTTTTTTT T T s amM0 2
1S caLL SCALE(DUMMY(NU) NR, DUMMV(NG).Nn.a 0) SaAmM02:
216 . ___ CALL ADD(DUMMY(MN6),NR, DUMMY(NA) NR, DUMMY (NU) ,NR) SAMO2:
217 CALL MULT(DUMMY,NA,DUMMY(NT),NB,DUMMY (N3, Ns)’ T T/ o TBAMND:
218 CALL ADD(DUMMY(N3),NB,DUMMY(N1),NB,DUMMY(N1),NB) SampQ:
@19 ___ CALL MULT(DUMMY,NA,DUMMY,NA,DUMMY (N3),N8) - SAMO2;
220 caLlL EOUATE(DUMMY(NB) NA,DUMMY,NA) T SAMO2:
el GO TO 650 samM02;
222 _C . o SAM02:
223 700 CONTIMUE TUUTTTTTTTTTT T T saM0 2
224 CALL SCALE(R,NR,R,NR,T) SaAM02;
225 _ _ CALL ADD(R,NR, DUMMY(NH) NR,R,NR) SAMQ2;
226 CALL SCALE (W, Nw,w NW,2, 0) - SAmQ2:
227 $ 3 1,0/5C Samo2;
228 __CALL SCALE(2,NA,A,NA,S) o SaM02;
229 callL SCALE(B,NB,8,NB,S) T T T T T T sAM !
230 IF( I0P(1) EQ, 0 ) RETURN SamMp2?
233 C e B samo?
232 CaALL LNCNT(3) o T T T T T saMe !
233 PRINT 750 SaMO 2
234 750 FORMAT(/,* DISCRETE PERFORMANCE INDEX WEIGHTING MATRICES®,/) SaM021
235 CALL PRNT(G,NG, 4 0@, 1) “SAMOY
236 CALL PRNT(W,Nw,4n W ,1) SAMQO 21
237 caLL PPNY(R,yR.aH_R 1) 8amp2?
138 RETURN ‘ T T T T saMp 22
239 C . SAMO2¢
240 800 CONTINUE _ o L SaM02¢L
'y CALL LNCNTC(Y) TT T samp2u
2u2 PRINT 850 JAMN 24
243 _ 850 FORMAT(® ERROR IN SAMPL , K = 1000°*) SAMO24
uu RETURN ’ - SAMQ2u
'4s C SAMO U
246 900 CONTINUE SAMO24
~yY CALL SCALE(G,NQ,R,NQ,T) - TTSAMO2U
48 IFC IOP(2) .NE, 0 ) GO YO 925 SAMO24
249  IF( IOP(1) L NE, O ) CALL PRNT(Q,NQ,U4HGRAM, 1) SAM0 25
250 RETURN A-60 " SAMQO2S
51 C S$amp 25

g AR ea . Ak oA s e h

e e

g



1 282 92% CONTINLE ) Saumpe
. 293 CaLL MULTCU,NN,B,NB,W,NW) R SAMO2
254 CALL SCOLE (W, W, W, NN, T) Sampe
255 _ _.__ CALL TRANP(B,NB.DUMMY,NOUM) Samp2
1 256 CoaLL MULT(OUMMY,NDUM, W,NW,DUMMY (NT),NP) T TTT TTTT Tsamg2
- 287 TY = 1/3, $JM02
258 _ . . CALL SCALE(DUMMY(N1),NR,DUMMY,NR,TT) e Samo2
259 CALL SCALE(R,NR,R,HNu,T) I T LT
260 CALL ADD(R,NR,DUMMY,NR,R,NK) Savoe
—26).____ ___1F( IOP(1) ,EG, O ; RETYRN o SAmo2
262 CALL LNCNT(3Z)
263 PRINT 750 SAM02
264____ __CALL PRNT(Q,NQ,un G__,1,_
e6sS CALL PRNT(W,NW,uH W ,1)
cob CALL PRNT(R,NR,UH R ,1)
-267 ——RETURN_ - - . ‘
268 C SAN02:
269 END SaMo02
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0. _ SUBROUTIMF PREFIL(A,NA,B,NB,Q,NQyw,tiv., R, NR,F,NF,T0P,DUNMY) . PREOI
1 IMPLICIT REAL®S (AeH,0eZ) PREO(
4 DIMENSION &A(1),B(1),0(¢1),W(1),R(1),F(1),DUMMY(1) PREO!(
. _ DIMENSION NAC2),NB(2),NO(2),NW(2),NFR(2),NF(2",10P(3) PREO(
4 IF( JI0P(Y) ,ER, 0 ) G0 TO 100 T PREO(
S CALL LNCNT(S) PREO(
6 PRINT 25 PREOC
7 25 FORMAT(//,° PROGR: n TO COMPUTE PREFILTERP GAIN ¢ TO ELEMINATE CROUSPREOC
8 18=PROCUCT TERM *,/ ¢ IN QUADRATIC PERFORMANCE INDEX *,/) PREOC
i 1FC 10P(3) EQ, C ° co T0 S0 __ o L ) PRE O C
10 CALL PRNT(A,NA,uH & ,1) T T T TTPREOC
11 catLtL PRMT (B,NB, 4™ B v 1)

12 SN CONTINUE . . . o PREOC
13 CALL PRNT(Q,NA,GH @ ,1) T T 7T PREOO
14 CALL PRNT (W, NW, 4N w ' 1) PREOO

1S _CALL_PRNT(R,NR,4M R _,1) e PRE 0O
16 C i PREOOC
17 100 CONTINUE PREOO

1B CALL.TRANP(W,NW,F,NF) . L _ PREOO
19 CALL SCALEC(F,NF,F,NF,0,5) PREOO
20 CALL EQUATE(R,NR,DUMMY,NR) PREOCO

2y . _1OPTEO0 _ .. .. __ - e PREOO
22 IFAC=O PREONG
23 NisNR(1)engel

_24 ___ __ M =® NR(Y) kicd PREOO
2s CALL SYMPDS(,M,DUMMY,NF(2),F,TOPT,IFAC,DETERM, ISCALE,DUMMY (NY), JEPREOO
26 1RR) PREOO

27— __1F( lERR L,EG, 0 ) GO TO_ 200 . __ . _ —— PREOO
8 CALL LNCNT () 7T PREOO
29 PRINT 150 PREOO

_30___150 FORMAT(//,° IN PREFIL, THE MATRIX R IS5 NOT SYMMETRIC POSITIVE DEFIPREOO
31 INITE’, /) PREOO
32 RETURN PREOO
313 C. . . L _ ___ _PREOO
34 200 CONTINUE PREON:
35 IFC 10P(2) LER, 0 ) GO TO 300 FEOO:
36 . . CALL MULT(w,NW,F,NF,DUMMY,NQ) i _ PREOO"
37 CALL SCALE(DUMMY,NQ,DUMMY,NG,0,S) TTTPREOO:
38 CALL SUBT(Q,NGQ,DUMMY,NG,Q,NQ) PREOO:

39.C..___ e e e e e e e e PREOO!
40 300 CONTINUE PREDO!
41 IFC 10P(3) LEQ, 0 ) GO TO 400 PREOODL

-aa.____.._._.CALL MULT(B'NB'F'NF'DU%_MYJ_NA) - e o PREOO‘
43 CALL SUBT(A,NA,DUMMY,NA,A,NA) TTTPREQOL
a4ag C PREQOOC

4S5 ___400_CONYINUVE _ _ L e PREOOL
46 IFC I0P(1) .EQ, 0 ) RETURN T PHEOOU
47 CALL PRNT(F,NF,LH F ,1) PREOOU
ue __IFC 10P(2) .EQ, 0 ) GO TO S00_ _ . ) ___ ___ PREOO4
ue CAoLL LNCNT(3) PREOOS
50 PRINY 450 PREOOS

51 450_ FORMAT(/, °* MATRIX G = (W/2)F *,/) _ i _ o PREONS
52 CALL PRNT(G,NAQ,U4HNEWQ, 1) PREO0OS
s3 C PFEOOS
5S4 500 CONTINUE PREODOS

. 5% - IF( JOP(3) LER, 0 ) RETURN " T PREO0OS

l s6 CALL PRNT(A,NA,UHNNEWA,1) PREONS
ST __ _RETURN . o i o PREOOS
58 END T PREOOS




_o_ . SUSROUTINE CSTAB(A,NA,B,NB,F,NF,10P,SCLE,DUMMY) csT0!
1 IMPLICIT REAL®A (AekH,0e2) T ESTO.
2 DIMENSION A(1),B(1),F(1),0UMMY(]) csTo
S DIVENITON NA(2),NB(2),NF(2),10P(3),NDUM(2) CS10¢
4 DIMENSION JOPT(2) T T T £8TO!
s LOGICAL SYM™ CSTO¢
6 .. COMMON/TOL/EPSAM,EPSAM,1ACM o ST
7 N B NA(1)we2 S ' T €870t
8 NisNel CSTO(
9. C . L — o cSTO(
10 1F(10P(2) LEQ, O ) GO TO 100 TTITTTTTTEs T 0
11 CALL EQUATE(A,NA,DUMMY,NA) csvo¢
32 . N2aNfeNACYY) R, csTo¢
13 N3IaN2eNA () — R e 11T
14 1SV =0 csST ¢
3S____ _ ILV.s0 _ _ TR e csTo0
16 CALL EIGEN(NACI),NA(]1),D MMy, YI(NT), DUMMY (N2), 18V, 1LV, V,DUMMY (NCSTOO0
17 13),1€ERR) csT00
.18 C__ __ . S e e e e C8700
19 MeNA (1) ¢sT00
20 IF(IERR LERG, 0) GO TO SO cCST00
2% _CALL LNCNT(S) __ . B} e CST00
22 PRINTY 25, 1ERR CST00
23 25 FORMAT(//,° IN CSTAB, THE SUBROUTINE EIGEN FAILED TO DETERMINE THECSTO00
24— ._ .1 *414,* EIGENVALUE FOR _THE MRTRIX A AFTER 30 ITERATIONS®) £ST00
25 J1ERRz] “T7 €c8T00
26 CALL NORMS(M,M,M,A,]ERR,BETA) CST00
2L BETAR2,eBETA e csTOO
28 GO TO 200 ' ~cstoo
29 50 COMTINUE CST00
30 € . L e . - .. . ...  CsTv00
31 BETA = 0,0 - cST00
32 DO 75 I 3 I,M CSTO0C
_33__ J 3Ky e 1 =y e CST00.
34 RETAY = DARS(DUMMY(J)) T T°csTo00:
35 IF(BETAL ,GT, BETA) BETA = BETAQ CST00:
.36. 75 CONTINUE . e L e cST00:;
37 BETA = SCLE#(BETA + ,001) T TTCSsT00!:
38 GO TO 200 CsT00:
39 C . . e kTOO
40 100 CONTINUE TTeSsToo0!
ul BETA = SCLE cSToO!
42___ 200 CONTINVE _ _ __ L CSTOOL
43 C ' "CsTO0L
a4 CALL TRANP(B,NB,DUMMY,NDUM) €STOO0U
45 _ . ___CALL MULT(B,NB, ounvv NDUM, DUMMY(NI),NRY csToo0u
ae CALL SCALE(C: 4MY(N1),NA,DUMMY,NA,«2,0) T TTTTesTo04
u7 cALL SCALE(A,NA,DUMMY(Ni),NA,e1,0) cSTo0U
4B _ 3 = eNA(Y) R e €ST004
49 NAX = N&(Y) TTTTES8T00S
50 DO 225 l=1,NAX €ST00S
Sy . J m JeNAXel o €ST00S
52 K = Ni+Jel TTEesTnos
53 DUMMY (K )=DUMMY (K)=BETA CST00S
'S4 __ . 225 CONTINUE o - 4 , L €ST00S
5% N2 = Nt ¢ N T €c8T00S
56 SYM = ,TRUE, CST005
S7 _.....__loPT(iY¥=0 ] R o i CST00S
s8 C 7T €8T00S
59 IF( I0P(3) NE, 0 ) GO TO 300 CSTO006:
60 EPSAZEPSAM , CSTo006
61 CALL BARSTW(DUMMY(N1),NA,&,NA,DUMMY,NA,TIOPT,SYM,EPSA,EPSA,DUMMY(N2CST006,

62 1)) A-63 CSToo0eé:

e o I




.

| _63.  __ .60 Y0 350 o _ csrTor
, o4 300 CONTINUE C8T0¢
| 65 10PT(2) = 1 csTo¢
' — 66 _ __.___CALL BILINCDUMMY(N1),NA,A, NA,DUMMY ,NA, TOPT, ASCLE.SYM DUMMY(Nz))u_ CSToO”’
67 350 CONTJINUE T csvoc

68 C ' CST0¢C

.69, ____ caLL EQUATE (B,MNB,DUMMY (N]1),NB) _ CSTOC

70 I10PT(1) =2 3 csSTof

71 I1AC =1ACM CSTOC
T2 __N3 = N2 ¢ NACY) csrac

73 CALL SNVOEC(CIOPT,NA(1),NAC1),NACE),NACY),DUMMY,NB(2),DUMMY (N1); TACCSTOC

74 1,2TEST,DUMMY (N2),DUMMY (N3), IRANK, APLUS, IERR) csToc

. IS _IF(IERR LEQ, 0 ) GO TO 4oOn__ - _ ... gtsvoc

76 CALL LNCNT(S) cSTocC

77 IFCIERR ,GT, 0 ) PRINT 360,IERR t8T00

—J8 ___ ___ IF(IERR_,ER, «1) PRINT 370,ZTEST,IRANK ~___csTo00

79 360 FORMAT(//,* IN CSTAB, SNVDEC HAS FAILED "TO CONVERGE TO “THE T fa, " csT00

80 {SINGULARVALUE AFTER 30 ITERATIONS?,/7) CsST00

—B1 370 FQRMAT(//,* IN_CSTAB, THE _MATRIX SUBMITTED TO SNVDEC USING ZTEST =CST00

82 {1 *yD16,8,* IS CLOSE TO & MATRIX OF LOWER RANK °*, 7, THE ACCURCSTOO0

; 83 2ACY IAC IS REDUCED THE RANK MAY ALSO BE REDUCED®,/,* CURRENT RANK CST00
| — 84 __ . _3°,14) ___ . e — e — CST00
8s IF( IERR ,GT, 0 ) RETURN CsT00

’ 86 NDUM(1) = N&(1) - €ST00
—87____ ___NDUM(2) =1 e . CST00

} 88 . CALL PRNT (DUMMY(N2),NDUM, 4HSGVL, 1) T EsT00
89 400 COMTINUE €S700

i 90 ¢Cc _ o L N e . €ST00
91 CaLL TRANP (DUMMY(N1),NB,F, NF) T : " C£ST00

; 92 IF ( 1I0P(1) LER, 0 ) RETURN CSTO00
93 _ __CALL LNCNT(4) e e = — CST00

| 9y PRINT S00 ' CSTO00
95 500 FORMAT(//,°’ COMPUTATION OF F MATR!X SUCH THAT AeBF IS ASYMPTOTICALCSTOO

96 _JLY STABLE IN THE CONTINUOUS SENSE_*,/) csvoo

} 97 CALL PRNT(A,NA,4H & ,1) eSS T00
98 CALL LNCNT(4) €ST00

| 99 PRINT S50,BETA o o o cST01
: 100 550 FORMAT(//,° BETA = *,Di6,8,7) T TesTol
| 101 CALL PRNT(B,NB,4H B ,1) CSTO1
102 _CALL PRANT(F,NF 4 F ,1) CSTO1!

‘03 CALL MULT(B,NB,F,NF,DUMMY , NAY cSTOoYY

104 CaLL SUBRT(A,N&, oummv NA,DUMMY,NA) €STO01

105 __ _ _ caLy PRNT(DUMMY_,NA.HH_A__—_B_F,1_)___ _____ L L CSTO1¢

106 N2 = N1+NA(1) T CSTOoL!

107 N3 = N2eNA(}) CSTOL¢(

108 ISV = 0 . CSTO1¢(

109 ILV = 0 - €sT01!

110 CALL EIGEN(NA(1),NA(]1),DUMMY,DUMMY (N1),DUMMY(N2),I8V,ILV,V,DUMMY(NCSTO1
111 13),I1ERR) o o B L CSTO1}

112 " = NAC(1) T CSTO01Y

113 IF( 1ERR LEQG, 0 ) GO TO 600 CSTO01}

114 M 3 NA(1)=IERR _ . o ) . CST011

115 CALL LNCNT(3) - - —CcsTold

116 PRINT 25, 1ERR CSTO1

117__ 600 CONTINUE CSTO1}

118 CALL LNCNT(4) } - i TTCSTOt
119 PRINT &50 €stTo01e

120___ 650 FORMAT(//,* EIGENVALUES OF A«BF*,/) €sTo01:z
121 675 FORMAT(10X,2D16,8) - TTTTTCSTOLR
122 CALL LNCNT (M) CSTO12
123 DO 700 I=1,M o _ CSTo012
124 S = Ni+led A-6k4 — CSTo012
125 K = N2+l-t CSTO012




S - -

~ 120 . PRINT 67S5,0UMMY(J),NUMMY(K)

127 700 COANTINUE - - T T
‘ 128 C
329 _ _ RETURN c31
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‘..“o e ... SUBROUTINE DSTAB(A,NA&,B,NB,F,NF,SING,10P,SCLE,OUMMY) - . .bsT
1 IMPLICIT REAL*B (AeH,0e2) osT
2 DIMENSION A(1),8(1),F(1),0UMMY(Y) 0ST
- —3—. __DIMENSION NA(2),NB(2),NF(2),NMOUM(C2),I0P(2),I0PT(3),NOUML(2) __b3r
I LOGICAL SING,SYM " oSt
5 COMMON/TOL/EPSAM,EPSBM, TACM oSt
b __N 3 NAC1)#w2 e e osT
g 7 Ni = N & 1 TTTTTTUPST
8 N2 2 Nt ¢ N NST!
9 IF¢ ,NOT, SING ) GO _TO 100 o DS T/
10 10PT(1)=I0P(1) oSt
l 11 I0PT(2) = 1 oS8Tr
| 32 I0PTCY) = O . . . R L 2
y . 13 CSCLE=1,05 ~ 08T
‘ 14 CALL CSTAB(A,NA,B,NB,F,NF,10PT,CSCLE,OUMMY) 0STC
1S CALL MULT(B,NB F,NF DUMMY ,NA) _ 0STC
16 CALL SUBT(A,NA,DUMMY,NA,DUMMY,NAY _ 0STC
17 caLL EOUATE(OUMMY NA,DUMMY (N1),NA) 08STO
t A_18 GO _T0 200 o L L DSTO
, 19 C oS8T
| 20 100 CONTINUE DSTO
. 1_21 _ __ _CALL EQUATE(A,NA,DUMMY,NAY . 0sTH
22 CALL EQUATE(A,NA,DUMMY(N1),NA) . TTTTDS8TO
} 23 ¢ - DSTO
r 24 200 CONTINUE T D370
2S - IF( 10P(2) LEQ, 0 ) GO TO 300 7T psTo
i 26 N3 = N2 ¢ NAC(Y) 0STO
4 27 NGO = N3 ¢ NACL o L 08TO
[ | 28 ISV =z 0 T T 708710
, 29 CALL EIGEN(NACL),NA(1),DUMMY(N1),DUMMY (N2), DUMMY(NS) ISV,ISV,V,DUMDSTO
_30 MY (N4), TERR) - DSTO
| 31 CALL EQUATE(DUMMY,NA,DUMMY (N1),NA) ~ o ) N8TO
F 32 M = NA(CL) DSTO
33 __IF( IERR LEQ, 0 ) GO TO 250 DSTO
34 caLL LNCNT(3) T T T DS T
35 PRINT 225, IERR
r 36 225  FORMAT(//'IN DSTAB , THE PROGRAM EIGEN FAILED TO DETERMINE®,
» 37 115, *EIGENVALUE FOR THE MATRIX A=B8G AFTER 30 ITERATIONS ‘)
| 38 CALL PRNT (DUMMY,NA,4HA=BG,1) DSTO!
.39 _____IF(_SING ) CALL PRNT(F,NF,4H G ,1)__ e e DSTO!
40 RETURN T T DS8TOC
41 C NSTO¢
' 42 250 CONTINUE i , ) DSTOC
43 ALPHA = 1,0 o o DSTOC
44 DO 275 1 =1,M DSTOC
_1.4s I3 3 N2 ¢+ 1 =1 o 0Svoc
46 I2 = N3 + I =t ' 08Tor
47 ALPHA1 = DSART(DUMMY(I1)*#2 ¢ DUMMY(I2)«#*2) DSTOC
48 IF( ALPHA{ LT, ALPHA ,AND, ALPHAL ,NE, 0 ) BLPHA = ALPHA| 0STOC
49 275 CONTINUE ) LERE
S0 ALPHA = SCLE~ALPHA 08STOC
S1 GO TO 400 _ - o . o DSTOC
52 C T 7T DpsTOo
53 300 CONTINUE DSTON
§S4 _ _ ALPHA = SCLE DSTOC
| S5 C NSTOC
56 400 CONTINUF 0STO0
57 ___ J = «MA(1) _ DST00
lsa NAX = MA(CL) " NSTO0
59 DO 425 1 = 1,NAX DSTO0
60 J = J ¢+ NaX + | 0sTON
ibl K = Nl ¢ J =t DSTON
162 NUMMY (K) = DUMMY (J) = ALPHA A-BB peran




.63 DUMMY(J) = DUMMY(J) ¢ ALPWA . 0ST
l 64 425 COMTINUE - T 7 oSt
65 cALL EQUATE(B,NB,DUMMY (N2),N8) 0ST
86 _ N3 3 N2 & NACII®NBCR) 087
67 NRHS 2 NA(1)+NB(2) TobsT
' 68 N4 3 N3 ¢ NA(Y) 08T
- 69______IFAC = 0 DST!
70 CALL GELIM(NA(1),NA(CL),DUMMY,NRHS,DUMMY (N1),0UMMY(N3), IFAC,DUMMY (NODST
71 14), 1ERR) DST"
Y _r2 __ . IFC IERR ,ER, 0) GO TO.So00 ___ . . __ __ ... _ 08T/
73 CALL LNCNT(3) 08T/
74 IF( NOT, SING ) GO TO 44S oS8T
IS _PRINT W3S_ e 0ST¢
76 435 FORMAT(//,° "N DSTAB, GELIM HAS FOUND THE MATRIX ( A=8G) ¢ (ALPHA)DSTC
77 {1 SINGULA. "} DSTC
78 ___CALL PRNT a4, ' plH A _,4) _ ___ 0STC
79 CALL PRNT\- . F,4H G ,1) - DSTO
80 GO TO 46S 0370
—B81 445 _CONTINUE _ —— o . DSTO
82 CALL LNCNT(3) DSTO
es PRINT 4SS 0STO
_84___455 FQRMAT(//,°_IN DSTAB, GELIM HAS FOUND THE MATRIX A + (ALPHA)I SINGDSTO
8s {ULAR *) “DSTO
86 CALL PRNT(A,NA,d4" A ,1) - 08TH
_87.__465 CONTINUE_ . __ _ __ el D3T0
88 CALL LNENT(3) T TTTpSTo
89 PRINT 475,ALPHA DSTO
__90___475 FORMAT(//,* ALPHA 3 *,D16,8) _ 0870
91 RETURN T TTosrto
92 C 08TO:
- 93_._.500 CONTINUE o 0STO!
94 CALL EQUATECDUMMY (N1),NA,DUMMY,NA) ~ oSsTor
95 CALL TRANP (DUMMY (N2),NB,DUMMY (N1),NDUM) 0STO!(
29 ___ ... N3 =N2 + N e o _._.D3T0¢
97 CALL MULT(DUMMY(N2),NB,DUMMY(N]1),NOUM,DUMMY (N3),NA) T pSTOC
98 CALL SCALE (DUMMY(N3),NA,DUMMY (N1),NA,d8,0) DSTH(
M99 . sym = ,TRUE, __ S . e .. .___DsTO!
100 10PT(1) = 0 TTT08TO!Y
101 EPSAZEPSAM 0STOY
QU022 _CALL BARSTW(OUMMY,NA,B,NB,DUMMY(N1),NA,IOPT,SYM,EPSA,EPSA,DUMMY (N2DSTO!
7103 1)) "~ DSTOY
104 CALL EQUATE (DUMMY (N1),NA,DUMMY,NA) 0STO1t
105 __ _ CALL_TRAMNP(B,NB, DUMMY(N!);NOUM) o ~ 08701
i06 CALL MULT(B,NB,DUMMY(N1),NDUM,DUMMY (N2),NA) DSTO1
107 CALL ADD(DUMMY,NA, DUMMY (N2),NA,DUMMY,NA) DST01
-.98__*_.M_CALL“EQUATE(AvNAODUMﬂliﬂllhyﬁ)h.,." e 03To!
09 IF¢ ,NOT, SING ) GO TO 600 “DSTOy
110 CALL MULT(B,MB,F,NF,DUMMY(N1),NA) DSTO!
#11 ____  CALL SUBT(A,NA,DUMMY(N1),NA,DUMMY(NL),N&) 08TO}
!,2 c T D8T0d
13 600 CONTINUE DSTO1
Y4 I0PTCN) = 3 o DSTOM
‘15 M = N&(1) T DSTO!
16 TAC=IACM 05701
117 CALL SNVDEC(IOPT,M,M,M,M,DUMMY,M, DUMMY (N1),TAC,ZTEST,0UMMY(N2),0UMDSTO1
18 {MY(N3),IRANK, APLUS, IERR) - DSTO1
19 IF( IERR LEG, 0 ) GO TO 700 DSTOL.
120 . . CALL LNCNT(S) ) , L , e DSTO01:
{ IF( IERR ,GT, 0 ) PRINT 625,]ERR T T pSTot:
!ge IF( IEPP LEQ, =1) PRINT 650,ZTEST, IRANK 0STO01:
23 625 FORMAT(//,°* 1M DSTAB, SNVDEC HAS FAILED TO CONVERGE TO THE °*,1S5,° D0STOt:

S 650 FORMAT(//,° IN DSTAB, THE MATRIX SUBMITTED TO SNVDEC, USING ZTEST DSTO1:

iFa {SINGULAR VALUE AFTER 30 ITERATIONS®) ' T OSTO0Y:

FOREN




126 13_°,016,8,° , 1S CLNSE TD A MATRIX OF LOWER RANK®,/,* IF THE ACCURDST
127 2ACY IAC IS REDUCED THE RANK MAY ALSO BE REDUCED’,/,° CURRENT RANK DST
128 3 3°,14) 08T

..-129 _JIF( IERR_ ,GT, 0 ) RETURN. o i 0ST
130 NDUM(1)= MA(L) T T T os T
131 NDUM(2)3 | DST”

132 CALL PRNT(DUMMY(N2),NDUM,4HSGVL,1Y_ = nsT”
133 ¢ ‘DsT
134 700 CONTINUE nsre
A3S____ _ CALL TRANP(B,NB,0UMMY(N2),NOUM) e DSTTF
136 CALL MULY(DUMMY(Na) NOUM, DUMMY(Ni) NA,DUMMY ,NF) T osre
137 IF( NOT, SING ) GO TN 800 nsT"
138 calL Aoo(F,NF.oUM@!.hr.F,NELH__ e R - 3 A
139 GO TO 900 0STC
140 C DSTC

,!-uu____ioo CONTINUE . __ . - e 0ST0
142 CALL EQUATE (DUMMY,NF,F,NF) pDSTO
143 C 0STO

§144___ 900 _CQNTINUE__ _— _— . _— 08Ty
145 IFC I0P(1) LEQ, O ) RETURN DSTO
146 CALL LNCNTC4) ) 0870
¢ 147 PRINT 1000 _ e e 0870
148 1000 FORMAT{//,* COMPUTATINN OF F SUCH THAT A=BF IS ASYMPTOTTCALLY STABDSTO
149 ILE IN THE DISCRETE SENSE’,/) DSTO

150 CALL PRNT(CA,NA,4H A _,1) = . e e DSTO

f151 _ CALL PRNT(B,NB,4H B ,1) 0STO
152 CALL LNCNT(4) 0STO
153 _ . ___PRINT 1100,ALPHA___ , e 08710

l1sa 1100 FORMAT(//,* ALPHA = ’,D16,8,7) — 7 psToO"
155 CALL PRANT(F,NF,UH F ,1) ODERVE

__156 . CALL MULT(B,NR,F,NF,DUMMY,NA) o o o 0STN:
157 CALL SUBTCA,MA,DUMMY, NA,DUMMY NA) T psTOo!
158 CALL PRNT(DUMMY,NA,dHA=BF,1) 0STO:

1S9 _CALL LNCNT(3Y 0S70!
160 PRINT 1200 T 7T 0sT0!
161 1200 FORMAT(//,°® EIGENVALUES OF A=RF*) DSTO:

MNe2_ NOUM(1) = NA(1) L o o S 0STO!
163 NDUM(2) = 1| ' DSTH!
164 N2 = Ny ¢ NA(1) DSTO!

_hes N3 = N2 ¢ MNAC(1) o . —_— _ 0STO!
166 ISV = 0 0STO1
167 CALL EIGEN(NA(C1),NAC1),DUMMY,DUMMY(N1),DUMMY(N2),ISV,ISV,V,DUMMY (NDSTO!

_§.68_o 13),1ERR) o , L e 087101
69 IFC IERR ,EQ, 0 ) GO TO 1300 T T psTod
170 CALL LNCNT(3) 0STO1
71 __PRINT t250 0STO!1
72 1250 FORMAT(//,° IN DSTAB, THE PROGRAM EIGEN FAILED TO DETERMINE THE *;08T0!
173 115,* EIGENVALUE FOR THE A=BF MATRIX AFTER 30 ITERATIONS®) 0STO1
74_  NDUM(1)=NA(1)~IERR o o o A 0STO01
i'rs o T T 'pSTot
76 1300 CONTINUE DSTO1
77 CALL JUXTC(DUMMY(N1),NDUM,DUMMY (N2),NDUM,DUMMY,NDUM]) DSTOY
78 CALL PANT (DUMMY,NDUM1,dHEIGN, 1) T T T T onsTod
79 CALL LNCNT(4) NSTO1
180 _PRINT 1400 DSTO01
A1 1400 FAORMAT(//,* MOOUL! OF EIGENVALUES OF A=BF°*,/) T T pSsTOod
tsa M =NDUM(1) DSTO1
183 DO 1500 I = 1,M B o NSTO1
1B4 J =M ¢« 1 =« ) ' T ~ 0STOt

5 K =2 N2 ¢ 1 = | DSTO1Y-
oY) DUMMY (1) =DSART (DUMMY (J) w2 + DUMMY(K)#wx2) 0STO1Y-
187 1500 CONTINUE : DSTO1:

CALL PRNT(DUMMY NDUM, 4HM0D ,1) A-68 DRANE
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0_. _ ___SUBROUTINE DISREG(4,NA,8,NB,H,NH,0,NQ,R,NR,F,NF,P,NP,T0P,IDENT,0U DIS:

l 1 MMy oIS

2 IMPLICIT REAL*8 (deH,0e2) n1s:
-y DIMENSION A(1),RA(C1),79(1),RC(1),F(1),P(1),0UMMY(]) . CIS¢
4 DIMENSION NAC2),NR(2),NQ(2),NR(2) ,NF(2),NP(2) - A B & X

! S DIVENSION I0P(3) DIS’
e &6 _OIMENSION M(1),NH(2),MOUM(2) e . 01IS¢
7 LOGICAL IDENT T B ) §- 14

j 8 COMMON/TOL/EPSAM,EP3AM, JACM OIS
9 _COMMOM/COMV/SUMCV,RICTCV,SERCV,MAXSU™ = 0rse
10 N 8 NACL)wwQ - T - Tp18¢

g 11 Niz N +t DISC
l-...xa__.___._Naz.Mm e DISC
13 N33 N2#N I ) & 1

- ta ¢ DIs¢
1S ___ 83 = 0 o N oIsc
16 I=I0P(3) 0180
17 C DISO
18 _IFCIOP(1) LEQ, 0)_ GO TO 8S . e DISO
19 CALL LNCNT(S) TTTT o180
20 PRINT 25 NIso
—21____ 25 FORMAT(//,’ PROGRAM _TO SQLVE THE TIMESINVARIANT FINITE-DURATION QPOISH
! 22 {TIMAL®,/,* DIGITAL REGULATOR PROBLEM WITH NOISE<FREE MEASUREMENTS’0IS0
23 2,7) 0180
—24 ___ _ CALL PRNT(A,NA, 4K A_ ,1) = D180
2s CALL PRNT(B,NB,4H B ,1) TTTTTTTDISO
26 © CALL PRNT(G,NG,4H @ ,1) 0180
—e1. . ___IFC ,NOT, IDENT ) GO TOQ 4 ___ = _ . ... ... otso
g 28 CALL LNCNT(3) ~ DISO
¥ 29 PRINT 35 0180
.30 __ 35 _FORMAT(/,® H IS AN INDENTITY MATRIX’,/) o ‘ DISO
.31 GO TO 65 - D180
l 32 45 CONTINUE 0150
* .33 . __ CALL PRMT(H,NH,4H H ,1) o D1S0
34 CALL MULT(Q,NQ,H,NH,DUMMY ,NH) ) 10X
3s CALL TRANP(H,NK,DUMMY(N1),NF) nIso
36 CALL MULT(OUMMY(NL),NF,DUMMY , NH,Q,NQ) o - DISO
37 CALL LNCNT(3) o T 0Isn
: 38 PRINT S5 DI1SO"
!_39 .SS5_FORMAT(/,*_ MATRIX ( M TRANSPQOSE JIGQHW’,/) 0IS0.
© 40 CALL PRNT(Q,NQ,dHHTAH, 1) T olso
41 65 COMNTINUE DISO¢
_42. _ __ ___CALL PRNT(R,NR,4M R__ ,1) L L L - __ brsor
' a3 CALL LNCNT(4) ‘ " DISso
44 PRINT 75 OISO
§-45 . TS_FORMAT(//,® WEIGHTING _ON TERMIMAL VALUE OF STATE VECTOR’,/) DISOC
2 46 CALL PRNT(P,NP,U4H P ,1) T T DIso«
47 C D1sor
.48 __ . AS _CONTINUE o _ - o D180’
49 IFCCIOP(1) ,NE., 0) LOR, IDENT) GO TO {00 T 77 prso-
' 50 CALL MULT(7,NA,H,NH,DUMMY,NH) DISNHC
51 _CALL TRANP(H,NH,DUMMY(N1),NF) , L DISOr
52 CALL MULT(DUMMY(N{),NF,DUMMY,NH,Q,NQ) ‘ 7777 DpIso:q
53 C pIsor
_S4 _ 100 CONTINUE ) , __ DISHr
55 I=1e} T DIsor
| 56 CALL EQUATE(P,NP,DUMMY, NP) DIsSon
.87 . . CALL MULT(P,NP,A,NA,DUMMY(N1),NA) ) DI1S0n
= 58 CALL TRANP(B,NB,DUMMY (N2),NF) T DISoN
ﬂsq CALL MULT(DUMMY(N2),NF,0UMMY (N1),NA,F,NF) DIS00
60 ) CALL MULT(P,NP,B,VR,DUMMY (N1),NB) DIson
61 CALL MULT(DUMMY(N2),MNF,DUMMY(N1),NB,DUMMY(NT),NR) : 01500
il 62 CALL ADD(R,NR,DUMMY(N3),NR,DUMMY (N1),NR) A=70 NS00




73 1 *SINGULARVALUE AFTER 30 ITERATIONS®,//) 77 plso
74 250 FORMAT(//,* IN DISREG, THE MATRIX SUBMITTED TO SNVDEC USING ZTEST DISO
__15 _ 1=2°,D16,8,° IS CLOSE TG A MATRIX OF LOWER RANK®,/,*lF THE ACCURACYDISO
Te 2 IAC IS REOUCED THE RANK MAY ALSO BE REDUCED®,/, ' CURRENT RANK 3 °*DISO
17 3 ,14) 0ISO
~18__ IFC_IERR ,GT, 0_) RETURN _ — - ) 0I30
79 NDUM(CL) = NAC(L) D180
NOUM(2) 3 1 DISO
'__&1___.__“C6LL _PRANT (DUMMY (N2) , NOUM, 4HSGVL 1) _. — 0180
82 C 01so
83 300 CONTINUE DISo
B4 __ ___CALL MULT(R,NR,F,NF,QUMMY(N1),NF) __ = _ . - _. 0180
8s CALL TRANP(F,NF,DUMMY(N2) ,N8) 0180
86 CALL MULT(DUMMY(N2),NB,DUMMY(N1),NF,P,NP) DISO
_ 87 __CALL ADD(Q,NQ,P,NP,P,NP}y ™ ) . DISO
88 CALL MULT(B.Na F NF DUMMY(Nl) NA) b1so
A9 CALL SUBT(A,NA, oummvcwt) NA,DUMMY (N1),NA) DISO
_90__ . __CALL MquxoUMMy.NA.ogynxtux)LNA.oq1ﬁY(N2).NAL_ e i oIsO
91 CALL TRANP(DUMMY(N1),NA,DUMMY(N3),NA) DISO!
92 CALL MULT(DUMMY(NZ),NA,DUMMY(N2),NA,DUMMY (N1),NA) 0Iso:
93 . CALL ADD(P,NP,DUMMY(N1),NA,P,mP) i o } . .. . ___bi1sor
94 C - T 7T T orsof
95 IFC I0P(2) ,EQ, 0 ) GO TO 4ooO DISOf
96 _____CALL LNCNT(SY _ o i _.OIsOC
97 PRINT 350,I ) "pIs0f
93 350 FORMAT(///,° STAGE *,1S,/) o1sor
99 __ CALL PRNT(F,NF, 44 F ,1) _ , _ N ~_DISo0!
100 CALL PRNT(P,NP,4H P ,1) " DIsoO!
101 C DISO!
j102__ 400 CONTINVE . S e — . NDISO!
103 IFC I ,£Q, 0 ) GO TO 600 TTTTTTors01
104 CALL MAXEL (DUMMY,NP,ANORMY) 0IS01
105 CALL SUBT(DUMMY,NP, P,NP , DUMMY (N2) ,NP) o . 0Iso!
106 CALL MAXEL (OUMMY(N2),NP,ANORM2) 7T 77 prsod
107 IFC ANORMY ,NE, 0,0 ) GO TO 500 DIS01
_jro8___ . GO_TO 100 . R —— —_ - 0I30!
109 C DISOY
110 500 CONTINUE 0IS0!
111 IF(ANDRM) ,GT, 1,0 ) GO TO S50 DISO1
112 IF( ANDRM2/ANORML LT, RICTCV ) KSS = 1 - T T T 01801
113 GN TN S75 DISO!
114 _ SS0 _CONTINUE ) L o o i DIsot
.15 IFC ANORM2 (LT, RICTCV ) KSS={ - . T T pISO0d
.16 575 CONTINUE DISO!
117 IF( kSS LEQ, 1) GO TQ 600 - DISOt
19 GO TO 100 - T DISO!
19 C CI1S01
120 600 CONTINUE ) . 01S0t
121 K = I0P(1) + I0P(2) - ‘ i} i S T 7 p1sot
22 IF( < ,EQ, 0 ) RETURN : DISO01
123 IF( kSS LER, 0) GO TO 700 . 01S01.
124 CALL LNECNT (W) ' ' C 0ISO0t

las PRINT 650 A-T71 DISO1,

63 . 10PT = 3 e . L .. olsy
6d 1ACs]ACM 018/
65 WF 3 NR(1) DIS(
. 66 . __ ._CALL SNVDEC(IOPT,VF,MF, MF ,MF,DUMMY (N1) ,NF(2),F,TAC,2TEST,DUMMY(N2)DLS’
67 1,0MMY (N3), IRANK,APLUS, IERR) DISC
68 IF( IERR ,EQ,0) GO TO 300 018r
69 _ . _CALL LNCNT(S) . . e e ... DISC
70 IF(IERR ,GT, 0) PRINT 200, I1ERR pISC
71 IFCIERR LEQ, =1) PRINT 2%0,ZTEST,IRANK DI80

_72__200 FORMAT(//,° IN OISREG, SNVDEC WAS FATLEOQ TO CONVERGE TO_THE *,14, DISO

-
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126 ___650 FORMAT(//,° STEANY=STATE SOLUT.ON HAS BEEM REACHMED IN DISREG’,/) DISNY
127 € - ' T 01801
128 700 CONTINUE 01s8nt
129 _ IF( 10PC2) NE, 0 ) RETURN _ N DISO!
130 IFC 10P(1) LEQ, 0 ) RETURN T p18nt
'\31 CALL LNCNT(3) 01301
132_ .. 1 s O0P(3)=l . . . . . orsm
133 PRINT 800, I - 01801
'3 800 FORMAT(/,* F AMD P AFTER °*,15, ° STEPS®,/) 01S01
i35 _. . CALL PRNT(F,NF, UM F_ ,\)_ _ . . e 01301
136 CALL PRNT(P,NP,d4H P ,1) T DIsSod
.37 RE TURN 01801
.38 ___ _ END e e . o . L 0Is0!
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0 SIJBROQUTINE CNTREG(2,N4a,B,N8,H,NH,B,NG,R,NR,Z,N,LAMBOA,S,F,NF,P,NP CNT’
t 1,7,10P,10ENT,DUMMY) CNTS
2 IMPLICIT REAL®S (AeM,0e2) CNT”
3 C CNTS?
4 nIMENSxON A((’ 3(1)'H(1) G(I)pn(l) Zc, w(l) ,LaMg0a (1) ,3(1),F(1) ,PCNT’
l s 101),TC1),0UMMY (1) CNT(
e & D!NENSIOH NA(25 NB(2),NH(2),NG(2),NR(2) ,NF(2),NP(2),T0P(3),NOUML (2CNT
7 1)Y,NDUM2(2) CNTC
I 8 LOGICAL IDENT ENTC
9 _ _REAL*8 LAMBDA _  ___ . e CNTE
10 COMMON /CONV/SUMCY ,RICTCV,SERCV ,MaXSUM "CNTO
' 11 C CNT*
e @—— - ..IF( I0OP(1), EQ.-0.) GO.TO_65 __._ _. __ VI 4, )
13 CALL LNCNT(S) CNTH
14 IFC IOP(3) EQ, 0 ) PRINT 25 CNTO
—~15___ 25 EDRMAT(//* PROGRAM_T0 SOLVE THE TIME=INVARIANY FINITE=OURATION CONCNTO
16 {TINUQUS OPTIMAL’/* REGULATOR PROBLEM WITH NOISE-FREE MEASUREMENTS’CNTO
17 2) CNTO
l_ 18 IEC_10P(3)_,NE, Q_) PRINT 30 _ CNYO
19 30 FORMAT(//* PROGRAM TO SOLVE THE TIME«INVARIANT INFINITE«DURATION CCNTO
20 {ONTINUOUS OPTIMAL®/® REGULATOR PROBLEM WITH NOISE=FREE MEASUREMENCNTO
21 ...218") _ e S CNTO
22 CALL PRNTCA,NA,4H A& ,1) CNTO
23 CALL PRANT(B,NB,4M B8 ,1) - CNTO
24 CALL PRNT(Q,NQ,4H Q 1) _ " e . CNTO
25 IFC NOT, IDENT ) GO YO 4S CNTO
26 caLL LNCNT(3) CNTO
.21 _ . PRINT 35 —— e i CNTO
28 35 FORMAT(/* M IS AN JIDENTITY MATRIX®/) CNTO
29 GO TO S5 CNTO!
—.30¢C o . L o L - _ CNTOY
31 4S5 CONTINUE CNTO!
32 CALL PRNT(H,NH,d4H H ,1) LNTO!
.33 CALL MULT(G,NQ@,H,NH,DUMMY,NH) _ CNTOC
34 Niz NHC])*NH(2)+1 T CNTOC
35 CALL TRANP(H,NH,DUMMY(N1),NOUML) CNTOC
136 CALL MULT(DUMMY(N1),NOUML, DUMMY,NH,G,NQ) _ A CNTOC
37 CALL LNCNT(3) o = CNTOC
38 PRINT S0 CNTOC
iwsq 50 _FORMAT(//° MATRIX (H TRANSPOSE)QH’) CNTO
40 "CALL PRNT(Q,NG,0,3) o T - TCNTOC
41 S5 COMTINUE CNTOC
J 42 __ _ CALL PRNT(R,NR,44 R ,t) S CNTOC
T 43 C - ’ T T " CNTOC
44 IFC I0P(3) NE, 0 ) GO TO 65 CNTOC
§45__ _ __CALL LNCNT(4) o CNTOO
P 46 TPRINT 60 T CNTOO
47 60 FORMAT(//*® WEIGHTING ON TERMINAL VALUE OF STATE VECTOR'/) CNTOO
g 48 CALL PRNT(P,NP,dH P ,1) CNTOC
gueo C o ' ' - ToCMTAN
50 65 CONTINUE CNTOO
5t CALL EQUATE(R,NR,DUMMY,NR) CNTOO
52 N = NACL)w#2 T ) T T T T 77T ENTOO
$53 Nt = NR(1)*NB(2)+1 CNTOO
sS4 CALL TRANP(B,NB,DUMMY(N1),NDUM1) CNTON
55 N2 = N1 + N - ’ T T T ENTOO
856 L = NR(1) CNTO0
ST __ InPT = 0 _ CNTOO
58 IFAC = 0 T T T T T CNTON
59 CALL SYMPNDS(L,L,DUMMY,NB(1),DUMMY(N1),TI0PT,IFAC,DET,ISCALE,DUMMY(NCNTON
Y60  12),1ERR) CNTON
61 C C CMTOO
jo2 IF( IERP LEQ, 0 ) GO TN 100 A-73 CNTO0

H
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o4 PRINT 75 T N CNTA
&S 75 FORMBT(//* IN CNTREG, THE SUBROUTINE SYMPDS HA® FOUND THE MATRIX CNTH
. 66 ____ 1 R NOT_SYMMETRIC POSITIVE DEFINITE'/) _ o CNTH
67 RETURN " ENTH
68 C CNTO
269 __ 100_CNNTINUE - . ) CNTO
70 CALL EQUATE(DUMMY (N1),NDUM1,DUMMY,NDUMY) T CNTO
' T CALL MULT(B,NB,DUMMY(NL),NDUM]L,DUMMY(N2),NA) CNTO
72 . . CALL SCALE(ODUMMY(N2),NA,OUMMY(N1),NA,=1,0) CNTO
73 N3 3 N2 ¢ N “T CNTO
T4 fF( IDEMT ,OR, (I0PC1) ,NE, 0) ) GO TO 200 CNTO
_|.7s . CALL MULT(Q,NQ,H,NH,0UMMY (N2),NH) _ L CNTO
75 CALL TOANP (H,NH,DUMMY (N3),NOUML) T 7 CNTO
77 CALL MULT (DUMMY(N3),NDUMY ,DUMMY (N2),NM,Q,NG) CNTO
_'-za_s__.. e . _ - _ CNTO
79 200 CONTINUE CNTOf
80 CALL SCALE(Q,NQ,Q,NQ,=1,0) CNTO!
BBl __CALL JUXTR(CA,NA,Q@,NQ,2Z,NOUMYY CNTO¢
82 CALL TRANP (A,NA,DUMMY(N2),NA) TTTTTTTENTOC
83 CALL SCALE( DUMMY(N2),NA,DUMMY(N2),NA,=1,0) CNTOC
x84 L B 2N e N , CNTO’
8s CALL JUXTR(DUMMY(N1),NA,DUMMY(N2),NA,Z(L),NOUML) - CNTOC
86 CALL SCALE(GQ,NG,R,NO,=1,0) CNTOC
82 _ NOUM2(1)_= 2#NA(L) __ %™ oo ool CNTOCS
88  NDUM2(2) 3 NDUM2(1) ~ CNTOC
89 1FC I0PC1) JNE, 0 ) CALL PRNT(Z,NDUM2,4K 2 ,1) CNTOC
.90 _CALL_EQUATE(Z,NDUM2,0UMMY (N1),NDUM2Y_ . __CENTOC
& 91 M = U4sN CNTOC
| ICH N2 2 ¥ + Nt CNTOC
.93 ___ L .3 2=NA(1) i B, . .. . CNTOC
94 NS = N2 + L -- T ENTOC
9S NG = N3 ¢ L CNTOC
%9 __ __118v=L._. _  _ — L L CNTYOCr
g 98 CALL EIGENCL,L,ODUMMY(N{),DUMMY(N2),0UMMY (N3), I8V, ILV,¥W,DUMUY(N4),ICNTOC
99 1ERR) . . o o CNTO!
100 1F¢( IERR ,ER, 0 ) GO TO 300 "TTENTO!
101 CALL LNCNT(4) CNTO!
R0 _____TFC IERR L,GT, 0_) GO ¥O 250 __ o e ...__CNTOM
103 PRINT 225,1ERR TTTENTOY
104 225 FORMAT(//° IN CMTREG, EIGEN FAILED TO COMPUTE THE °*,I6,° EIGENVEC CNTO|
-llQi___"~_1t0R OF.2.°/). . . — e _.ENTOM
106 RETURN CNTNHY
107 250 CONTINUE CNTO!
W08 _____ __PRINT 27S,1ERR __ - . e ‘ CNTOY
§L09 275 FORMAT(//°* IN CNTREG, THE *,T6,° EIGENVALUE OF Z HAS NOT BEEN FO CNTH!
110 {UND AFTER 30 ITERATIONS IN EIGEN’/) CNTOY
At RETURN__ e o L N .. CNTOM
i12 C "CNTOY
13 300 CNNTINUE CNTO1
114 _ _ . IFC IOP(1) LEG, 0 ) GO_TO 400 _ e e e ___CNTOM
115 CALL LNCNT(3) TTCNTO!
116 PRINT 325 CNTO!
117 _325 FOPMAT(//* EIGENVALUES OF Z°) _ ‘ __ CNToy
18 NOUMLI (1) = L CNTO!
19 NOUML(2) = 2 CNTOY
120.__ . CALL_PRNT(DUMMY(N2),MDUM1,0,3) ~ — CNTOY
2t CALL LMNCNT(3) T CNTO1
!ez PRINT 350 CNTO!
I 53 350 FORMAT(//* CORRESPONDING EIGENVECTORS®) CNTAY
124 CALL PRNT (W,NDUM2,0,3) . CNTNY

‘25 o A-74 - CNTO!
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63 __  _CALL LNCNT(d) . CNTO l
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® 126 _. 400 CONTIMUE
127 CALL EGUATE(wW, NOUNZ.DUNMV(Nl) NDU“!)
128 Ji = |
-129 . _ _J2a s} —- e e —_
130 M 3 2eN
134 NOUMI (1) = L
132 . _NOuUMi1(2) =_1 - e
133 K4 = N4
i34 C
138 . L Isy e . . e e
136 4iS CONTINUE
137 1F(C ! 6T, L ) GO TO S1%
|-Lse - — Ky 3 N2¥le} e —
139 K2 3 Nie(lotl)oL
140 K$ 3 N3e¢le}
1eL_ IF(OUMMY (K1) ,GT, Q0.0 ) _ GO TO_42% _ _
142 J s (Ji=t)el oMo}
143 J1 3 Jist
144 ___IF(OUMMY (K3) NEL_0,0) _Jisdlel —
145 60 T0 4SO
146 42% CONTINUE
147 ____DUMMY(K4)s] _ - - —
148 Ky 8 Kyeot
149 J 8 (Je=1)wl ¢t
150 J2.3 Je+1 _
151 IF( OUMMY(K3) oNE, 0.0 ) JZ 3z J2 ¢ 1
152 4S0 CONTINUE
Y 1SY ______ CALL EQUATE(DUMMY(X2),NDUM1,W(J),NOUML)
154 IP(OUMMY (K3) LEQG, O, O) GO TO s00
18S I = 1o
156 . K2 3 K2eL e e
157 J 3 Jeb
158 CALL EQUATE(DUMMY (K2),NOUML,W(J),NDUML)
159 __ _S00 CONTINUE._ e
160 I=zl+t
161 GO T0 41§
162 _S15 CONTINUE N )
163 C
164 CALL NULL(LAMBDA,NA)
165 %XQ 3 -1 e a—
166 J 3 eNA(1)
167 NAX = NAC1)
168 _ I=1 e
1169 TS20 CONTINUE
170 IFC I ,GT, NAX ) GO TO S30
7. J= NAX ¢ J ¢+ 1
172 KO 3 KO + |
173 K{ 3 N4 + KO
174 K2 = DUMMY(K1) e L
7S K 3 N2eK2ewi
.76 LAMBDA(J) =3 DUMMY (K)
;77 _K3 3 N3+K2e] o )
178 1F( DUMMY(K3) LEG, 0,0 ) GO TO 525
79 K4 = Jet
.80 LAMACA(KU) = «NDUMMY(K3)
181 K4 = KyeNAX o
82 LAMBDA(KU) = DUMMY(K)
A% Kd = Kieot
184 LAVBNA(KG) = DUMMY(K3)
85 KS = M ¢ (I=1)#L ¢+ 1§
(55 K = X5 ¢ L
87 CALL ERUATE(W(KS),NDUML,DUMMY (N(),NDUMY)
188 CALL FAUATE(W(KSG) ,NDUMY , W (KS),NDOUMYL)
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189  CALL EAUATEC(OUMMY (N]),NOUML,W(K6),NOUML) CNTO
190 I = [} CNTO
”191 J = NAX & J o} CNTO
192 528 coNnTinue CNTO
193 Inlel R - T T CNTO
ltoa GO T0 S20 CNTO
B19% __ S§30 CONTINUE o L CNTO
19 € - | T T T CNTO
197 I"¢ 10P(C1) .EQ, 0 ) GO TO 7n0 CNTO
198 _CALL LNCNTCYZY) - CNTO
199 PRINT S3I§ T I of 1A &)
200 S$3% FORWAT(//°* REORDEFED EIGENVECTORS®) CNTO
201 ___ CALL PRNT(wW,NDUM2,0,3) L _ _ CNTO
202 CaLL LNCMT(4) T T CMNTO
203 PRINT 545 CNTO
204___S4S FORMAT(//° LAMBDA MATRIX OF EIGENVALUES OF Z WITH POSITIVE REAL PACNTO
29s 1RTS?/) T T TTTTTTENTO
206 CALL PRNT(LAMBDA,MA,0,3) CNTO.
207 C. . o CNTO.
208 CALL MULT(Z,NDUM2,W,NDUM2,DUMMY (N1) ,NDUMR) T TTTTENTO
209 L s NDUM2(1) CNTO
el9 M3 Levl e e . e R CNTO!
21t N2 8 NieM TTTTTTUTENTY )
212 CALL ERUATE(W,NOUM2,0DUMMY (N2),NOUMR) CNTA
J213_ . N3 ahaem P U CN. v
214 NG = N3aL b TTTTTTT T UTENTO;
215 IFAC = 0 CNTO.
~216.__ _ . CALL_GELIM(L,L,DUMMY N2),L,0UMMY(N1), DUMMY (N3) , IFAC,DUMMY (N4), IERRCNTO;
217 1) T T ENTO:
218 IP¢{ IERR ,EG, 0 ) GO TO 600 CNTO:
219. . CALL LMCNT(4) - - .. CENTo
220 PRINT S50 " TTeNTO:
221 S50 FNRMAT(//° IM CNTREG, GELIM HWAS FOUND THE REORDERED MATRIX W TO B CNTO;
1222 . . 1€ SINGULAR */) o ) o ) o CNTO.
223 600 CONTINUE TTTTENTN;
224 CALL PRNT(DUMMY IN1),NDUM2,UHNTZN,1) CNTO:
225 C .. ] - CMTO:
226 700 CONTINUE N T ENTO:
227 NOUMI (1) = 2#NA(1) CNTO:
228 _._ . NDUMIC(2) = NACYY CNTO.
229 N2 = 2#N ¢ NI T TTTENTO
230 CALL TRANP(W,NOUM],DUYMY(N2),NOUM2) CNTH:

1231 . _NWlt = N§ o o _CNTO;
232 NDUMI (1) = NA(1) CNTO:
233 CALL TRANP(DUMMY () ,NDUML,DUMMY (NW11),NOUML) CNTO:
238 L NN e CNTOH:
235 NW21 = NWILleN TTCNTO:
236 CALL TRANP(DUMMY (L) ,NDUM],DUMMY (NW21) ,NCGUMT) CNTO:
237 .. L 3 2«Nel e . L L CNTO:
238 NOUMY (1)=22#NACL) TTTENT).,
239 N3 =2 N2 ¢ 2#N CNTO:
240, ___ __ CALL TRANP(W(L),NOUM1,DUMMY(N3),NOUM2) o o CNTO:
241 NOUML (1) = NA(1) T 77T eNTO!
242 NWL2 = NW21eN CNTO.
243 CALL TRANP (DUMMY (NZ),NDUMYL,DUMMY (NW12),NDUMT) CNTO:
244 L 3 N3 ¢ N " CNTO:
lgas MN22 = MWI2 ¢ N CNTO.
_®oue  _ CaLL TRANP(DUMMY (L) ,NDUML,DUMMY (Nw22),NDUML) i . CNTO:
247 C 77 ENTO:
lzae 1FC I10P(1) LEQ, 0 ) GO TOQ 800 CNTO:
. 8249 CALL PRNT(DUMMY(NWLL),NA,dHVT1L ,1) CNTO:
250 CALL PRNT(DUMMY (NIw21),NA,4HW2L ,1) CNTO:
CALL PRNT(DUMMY (NW]12),NA,4HW]2 ,1) A-76 : CNTO,
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... CALL PPNT(DUMMY (MN22),MA,4HW22 ,1) CNTYr !

2s3 ¢
800 CONTINUE CNTC
255 _______IFC InP(3) ,NE, 0 )_GO_TYQ 900 CNTT

284

ese
237

ase___ _ .

ese9
260

l-Zbl__ .

262
263

e6d __

269
266

eeT____

268
269

271
272 C

--2713 __850

274
275

277
278
er9
280

2o

295
296
_esr____

298
299

300

301
302
503
304
50S
{06
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N2 8 NledeN CNTC
CALL MULT(P,NP,DUMMY (NW12),NA,S,NA) CNTC
CallL MULT(P,NP,OUMMY (NWL]),NA,OUMMY(N2),NA) L CNT"
CALL SUBT/S,NA,DUMMY (NW22),NA,S,NA) T GNTr
CALL SUBT(DUMMY(NW21),NA,DUMMY(N2),NA,DUMMY(N2),NA) CNTH
NS 8 N2eN , i e . CNTO
L 3 NA(1) CNT A
IPAC 3 0 CNTO
N4 3 NJeNA(1) _ __CNTn

CALL GELIM(L,L,DUMMY(N2),L,3,0UMMY(N3),TFAC,OUMMY(NG),IERR) ~~ TTCNTO
IPC IERR ,EQ, 0 ) GO TO 8%9 CNTO

caLl LNCNI(a)_ . CNTO

PRINT AZ2S CNTO

82% FORMAT(//7°* IN CNTREG, GELIM HAS POUND THE MATRIX W2! < PixXwil TO CNTO
_270___ 1 BE_SINGULAR®/) . CNTO

—eT6_______ .

RETURN “ENTO
CNTO

.CONTINUE__ - CNYNH

- B T T PSS —

IF( T0P(1) EQ, 0 ) GO TO 1000 CNTO
CALL PRNT(S,NA,4® 8 ,1) CNTO
MOUMI (1) = NRCL) ~ . . — CNTO

NOUML (2) = NA(L) “TENTO.
CALL LNCNT(3) CNTO.

__PRINT 87S. CNTO.

87s

- - w—— st

FORMAT(//° MATRIX (R INVERSE)X(B TRANSPOSE)*) - TTTENTO.
CALL PRNT (DUMMY,NDUML,0,3) CNTO.
GO TO 1000 _ L o L CNTO:

- T T CNTO:
CONTINUE CNTA;

— .. N2 3 NlsdaN CNTH:

294

925

950

307 ¢

08
liOQ
510
311
'nz
13

314

1000

CALL TRANP (ODUMMY (NW12),NA,DUMMY(N2),NAY = — ~ ) B CNTO:
CALL TRANP(DUMMY (NW22),NA,P,NP) CNTO:

N3 3 N2#N CNTO:

IFAC = 0 ' ’ ' o ’ T ENTO:
L 3 NACYL) CNTO:

NG 3 N3 « NA(l) CNTO:

CNYO:
IF( lERR .EO o ) GO TO °so CNTO:
CALL LNCNTCOY o L CNTO:
PRINT 925 o T TTENTH:

FORMAT(//* IN CNTREG, GELIM HAS FOUND THE MATRIX W12 TO BE SINGUL CNTO:Z

_1AR*/) CNTOZ

—— C ——

RETURN CNTOC
CONTINUE CNTO?

. NDUML (1) 3 NR(1) ) CNTOZ

NDUML (2) = MA(1) TENTOT
CALL MULT(DUMMY,NOUM1,P,NP,F,NF) CNTO2
IF( 10P(1) LEG, O ) RETURN \ cNTO?
CalL PRNT(P,NP,UH P~ 1) T 00T I o A
CALL, PRANT(F,NF,4H F ,1) CNTO3
RETURN _ . - CNTO3
B ST T CNTOo3
CONTINUE CNTO3
NMAX = T(1)/7(2) CNTO3
I = NMAX ) o ST oo/ T CNTOT
CALL FAUATE(LAMBDA,NA,DUUMMY (N2),MNA) CNTO3
TT = =«7(2) LNTO3
NG = MJeN CNTO3
NS = NdeN A=77 . CMTO3
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® 315__ __M6_ 3 NSeN ) e c\Y
316 M7 3 Ne+NAC(L) T ' - T CeN
317 K83 3 0 CNY

318 __ __ NOUMi(1) = NR(1) o o ) ) CN’
319 NOUM1 (2) 3 NA(1) 0T CNT
320 CaLL EXPSER(DUMMY(N2),MA,DUMMY (N3),NA,TT,KSS,DUMMY (NY)) CNT
321 _CALL EQUATE(DUMMY(NTZ),NA,DUMMY (N2),NA) ] o CNT
322 IF( I0P(1) LEQ, 0 ) GO TO 107S ST T eNr
323 CALL LNENT(D) CNT

‘_324.*___,wegxwr_toso.T(a) e N CNT
325 1050 FORMAT(//* EXP(=LAMBDA X *,D16,.,8,°)°*) " . A
326 CALL PRNT(DUMMY(N2),NA,0,3) CNTY

32T 1075 CONTINVE . _ . CNTY

l 328 tF( NMAX ,LE, 0 ) REYURN [ 1 ')
329 caLL EQUATE(S,N8,DUMMY(NY),NA) CNT

330 _1100_CONTINUE e CNT
I TIME = [#T7(2) T CNT
332 IF( I NE, NMAX ) CALL EQUATE(DUMMY(NS),NA,P,NP) CNT

_ 333 _______ CALL_MULT(DUMMY(N3),NA,DUMMY (N2),NA,DUMMY(NL),NA) CNT
334 CALL MULT(DUMMY(N2).NA,DUMMY (NG),NA,DUMMY (N3),NA) T " CNT
335 CALL MULT(ODUMMY(NWY1;),NA,DUMMY(N3),NA,DUMMY (NG} ,NA) CNT

336 —-CALL_ADD(DUMMY (NW12),NA,OUMMY (N4),NA,DUMMY (N4),NA) CNT
337 CALL TRANP (DUMMY(NU),NA,DUMMY (NS),NA) T T e
338 CALL EGUATE(COUMMY(NS),NA,DUMMY (N4),NA) CNT

339 CALL MULT(OUMMY(NW21),NA,DUMMY(N3),NA,DUMMY(NS),NA) CNT(
340 CALL ADD(DUMMY(NW22),NA,DUMMY (NS),NA,DUMMY (NS),NA) I of ')
341 CALL TRANP(DUMMY(NS),NA,DUMMY (N6),NA) CNTC

' 342 .—.CALL EQUATE(DUMMY(Nb),NA,DUMMY(NS),NA) CNT!
343 L = NA(D) I L ) £

i 344 {FAC = 0 CNTC

-34S _ . _CALL GELIMCL,L,DUMMY(NA4),L,DUUMMY (NS),DUMMY (N6), IFAC,DUMMY(NT), IERRCNTC(
346 1) - CNTC
347 IFC TERR ,EQ, 0 ) GO TO 1200 CNTP

348 __CALL LNCNTC(3) . . . e CNTS
349 PRINT 1150, TIME ' T TTCNTY
350 1150 FORMAT(//* IN CNTREG AT TIME *,D16,8,° P CANNOT BE COMPUTED DUE T CNTH
351 . . 10 MATRIX SINGULARITY IN GELIM*) o N o CNTO
352 RETURN TTTTTENTS
3153 € CNTO

§.354 _12G0 CONTINUE __ CNTO

, § 355 Call MAXEL(P,NP,ANORM1) T ENTD
356 ZaLlL SUBT(DUMMY(NS),NA,P,NP,DUMMY (NG),NA) ‘ CNTO

e 357 CALL MAXEL(OL MY(N4),NA,ANORM2) e CNTQ
3158 IF( ANCRM{ ,NE, 0,0 ) GO TO 1225 I o ') &
359 GO TO 1300 CNTO

360G o e e e CNTO
361 1225 CONTINUE TTTTENTO
362 IFCANODRM{ ,GT, 1,0 ) GO TO 1250 CNTOQ

363 _IE( ANOQRM2/ANORM{ ,_ T, RICTCV ) KsS=g CNTO
364 GO TO 1300 - T ENTO
305 1250 CONTINUE CNTO

386 ____._ . IF( ANORM?2 LT, RICTCV ) K§S'—:1__‘ o ) o CNTO
367 C TTTUENT
68 1300 CONTINUE CNTO

169 . CALL MULT(DUMMY,NDUM1,P,NP,F,NF) i , ) CNTO"
370 IFC 10P(2) LEQ, 0 ) GO TO 1400 T ENTYS
71 CALL LNCNT(S) CNTO

BT2_ . _ . PRINT 1350,TIME o L . ) ) CNTO
373 1350 FORMAT(///* TIME = *,D16,8/) T eNTO -
74 CALL PRNT(P,NP,4H P ,1) CNTO"

irs ) IFC T JME, NMAX ) CALL PRNT(F,NF,4H F ,1) CNTO®
376 C - CNTO™
377 1400 CONTINUE A-78 CNTO:




D i e e

-_.378___ _ . IF( XSS ,EQG, 1 ) GO YO 1500 _ _ L __Cnry
379 I 2 [ef CnT
380 1FC I .,GE, 0 ) GO TO 1100 CNT
_38L__ _._GO TO 1600 - e . e CWn
382 1500 CONTINUE CNT
383 CALL LNCNT(Q) CNT
384 _ .. PRINT 1560 ) . _ . . CNnT
385 1550 FORMAT(//°* STEADY=STATE SOLUTION HAS BEEN REACHED IN CNTREG®/) gz;
386 C

~387__1600 _CONTINUE _ e e e - e CNT
388 IFC I0P(2) ,ME, 0 ) RETURN CMY
389 IFC I0P(1) LEQ, 0 ) RETURN CNT
~390___ ___ CALL LNCMT(S) . ____. . __ _ e e e
391 PRINT {350,TIME CNT
392 CALL PRNT(P,NP,4H P 1)

393 __CALL PRNT(F,NF,4W_F __,1) — - — !
394 C CNTY
395 RETURN LNT!
396 END ___
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0 SUBROUTINE RICMWT(A,NA,B,NH,H,NH,Q,NQ,R,NR,F,NF,P,NP,10P,IDENT,DI RICON

l 1 1SC,FNULL ,DUMMY) RICON
2 IMPLICIT REAL®S (Aep,0e2) RICON

3 .. OIMENSION A(C1),BC1),3C11,R(1),F(1),P(1),0UMMY (1) _ RICON

' 4 DIMENSION NA(2),NB(2),NQ(2),NR(2),NF(2),NP(2),10P(3) TRICON
S DIMENSION H(1),NM(2),TI0PT(2) RICOO

—~— 6. _____ LOGICAL IDENT,DISC,FNULL,SYM ) _ RICOO
' 7 COMMON/TOL/EPSAM,EPSAM, IACM RICOC
8 COMMON/CONV/SUMCV,RICTCV,SERCV,MAXSUM RICO00
. B ¢ 1 S o e e RICOO
10 10PT(1)=0 T TTTTRICOC
11 SYM = _TRUE, RICON
12 ¢ .. - _ _ e o i _ R1CON
13 N 3 NA(L)ww2 - T RICOC
14 NiL a3 N ¢t RICOC
JBAS ___  _IFC JNOT, DISC) N1 3 NACL)#NR(CL) + ! RICOC
16 N2s Ni+N RICOC
17 N3= N2eN RICOC
18 N4 _3_N3eN__ e RICOC
19 C T TTTTTTRICOC
20 IFC 10P(i) ,ER, 0 ) GO TO 210 RICOC
_]-ax._._._ __CALL _LNENT(4) e RICOC
22 IF(,NOT, DISCIPRINT 100 TTTTRICOC
23 IF( DISC JIPRINT 150 RICOf
24____100 FORMAT(//,° PROGRAM TO SOLVEZCONTINUOUS STEADY=STATE RICCATI EQUATRICOC
2S 110N BY THE NEWTON ALGORITHM?,/) 7 TRICOC
26 1S0 FORMAT(//,® PROGRAM TO SOLVE NISCRETE STEADY-STATE RICCATI EQUATIORICOC
427 _— _IN_BY _THE_NEWTON ALGORITHM®,/) L L RICOC
] 28 CALL PRNT(A,NA, 4R A ,1) T T TTTTTTTRICHS
29 CALL PRNT(B,NB,4H 8 ,1) RICO(
30’_______ CALL PFNT(Q,NQ,QH Q ’1) o ) ~ o RICO(
31 1F¢ NOT, IDENT )GO TO 18S - “TRICOC
32 CALL LNENT(3) RICOC
33 PRINT 1RO L B RICOS
34 180 FORMAT(/,’ H IS AN IDENTITY MATRIX’, ’ B TRICO
315 GO TO 200 RICO!
_36.. 185 CONTINUE _ o RI1CO:
. 37 caLlL PRNT(H NH, UH H e 1) T RICO:
! 38 CALL MULTCG,NQ,H,NH,DUMMY ,NH) RICO
239 . ___ CALL_TRANP(H,NH,DUMMY(N2),NP) . N ) RICO
40 CALL MULT(ODUMMY(N2Y,NP,DUMMY,NH,Q,NQ) - T TTRICO
41 CALL LNCNT(3) RICO
x U2 . PRINT 19S5 ] RICO
43 195 FORMAT(/,* MATRIX (H TRANSPOSE)IGH *,/) ) T RICO
44 CALL PRNT(Q,NQ,4HHTAH, 1) RICO
l“as___aoo CONTINUE_ _ e L o _____Rtco
46 caLbL PRNT(R NR,UH R, 1) TTRICO
47 IFC FNULL ) GO TO 210 RICO
i_aa___ . CALL LNCNT(3) o . RICO
' u9 PRINT 205§ T ORICO
50 205 FORMAT(/,* INITIAL F MATRIX*,/) RICO
_51_._ ._ . CALL PRNT(F,NF,u4d F ,1) _ L RICC
52 C TRICH
53 210 CONTINUE RICO
S4 IF(CIOPC1) ,NE, O0) LOR, IDENT) GO TO 220 RICH
55 CaLL MULT(R,NQ,H,NH,DUMMY ,NH) ' RICH
-1 CALL TRANP(H,NH,DUMMY (N2) ,NP) RICO
5T . CALL MULT(DUMMY(N2),NP,DUMMY, NH,Q,NQ) RICE

| 58 220 CONTINUE - T ORICC
' 59 ¢ ) RICE
60 IF (NISC) GO TO 900 RICC
61 C RICC
62 CALL TRANP(B,NB,P,NP) A-80 RICC




=63 . CALL EQUATE(R,NR,DUM%Y, NR) RIC
64 caLL SYMPDS(NR(I) NR(!) DUMMY ,NP(2),P,10PT,I0PT,DET, ISCALE,OUMMY (NRIC
ﬁ 65 11), 1ERR) RIC
66 _____ IF(IERR ,EQ, 0) GO_T¥O 280 _ _ . . e e RIC
67 CALL LNCNT(3) RIC
' 68 PRINT 22§ RIC
.69 _ 225 FORMAT(/,* IN RICNWT, A MATRIX WHICH IS NOT svuuernrc _POSITIVE DERIC
70 {FINITE HAS BEEN SUBMITTEO TO SYMPDS’,/) T T RIC
71 RETURN RIC
Lrac o e _ RIC
73 250 CONTINUE RIC
74 CALL EQUATE(P,NP,DUMMY ,NF) AlIC
I*’7s"""“ CALL MULT(B,NB,DUMMY,NF ,DUMMY (N1),NA) B o RIC
76 CALL TRANP(DUMMY(N1),NA,DUMMY(N2),NA) I § {
CALL ADD(DUMMY(N1),NA,DUMMY (N2),NA,DUMMY(N1),NA) RIC.
|_78_.._._.___CALL SCALE (DUMMY(N1),MA,DUMMY (N1),NA,0,) . RIC
79 C RIC!
IF(FNULL) GO TO 300 RICS
_...SL.C e e - RICS
l " CALL MULT(B,NB,F,NF,DUMMY (N2),NA) RIC!
CALL SUBT(A,NA,DUMMY(N2),NA,DUMMY (N2),NA) RICC
_"aa —._CALL TRANP(DUMMY(N2),NA,OUMMY(N3),NAY RICC
85 CALL EQUATE (DUMMY(N3), NA , DUMMY (N2),NAY . TTTTTTRICT
a6 CALL MULT(R,NR,F,NF, DUMMY(NS) NF) RICC
__87 _CALL TRANP(F,NF,P,NP) - e RICC
88 CALL MULT(P,NP,DUMMY (N3Y,NF,0UMMY (N4),NA) T TTRICE
89 CALL TRANP (DUMMY (NU),NA&,DUMMY (N3),NA) RICO
90 __ _ CALL ADD(OUMMY(M4),NA,DUMMY(N3),NA,DUMMY (N3),NA) RICO
91 CALL SCALE (DUMMY(NZ),NA,DUMMY(N3),NA,0,5) T TTTTRICO
I o2 CALL ADD(DUMMY(N3),Na,Q,NG,P,NP) RICH
¥ 93 caLL SCALE(PeNP.PpNP.fl.g)m,_‘< o S o RICO
94 GO TO 350 - ' RICO
95 C RICO
96 300 CONTINUE ) ) RICO
97 CALL TRANP(A,NA,DUMMY(N2),NAY ~~—— = 7~ T T T T OTR1ICES
98 CALL SCALE(G,NQ,P,NP,=1,0) RICO
99 C ‘ R RICO
100 350 CONTINUE T RICO
101 IF(IOP(3) ,NE, 0) GO TO 400 RICH
f102___  EPSA= EPSAM RICO
103 CALL BARSTW(DUMMY(N2)Y,NA,B8,N8,P,NP,I0PT,SYM,EPSA,EPSA;DUMMY (N3))  RICO
104 GD TO 459 RICO
105 C __ e e L I _ RICO
106 400 CONTINUE - T RICO
107 I0PT(2)=1 RICO.
108___  CALL BILIN(DUMMY(N2),N8,B,NB,P,NP,10PT,SCLE,SYM,DUMM (N3)) RICO!
1609 C RICO!
110 450 CONTINUE RICO:
111 . CALL EQUATE(P,NP,DUMMY(N2),NP) ‘ RICO!
‘tl? IF(IOP(2).EQ, 0) GO TO 550 : o T ORICH]
13 CALL LMCNT(3) RICO*
116 PRINT S00,1 S , . RICO!
‘15 500 FORMAT(/,’ ITERATION *,1S,/)y 7~ = 7 o T T TTRIco!
16 CALL PRNT(P,NP,u P ,1) RICO}
117 C_ o L RICO!
18 S50 CONTINUE 77T RICco!
im CALL MULT(DOUMMY(N1),NA,P,NP,DUMMY (N3),NA) RICnt
20 CALL MULT(P,NP,DUMMY(N3),NA,DUMMY (NJ),NA) RICOY
121 CALL TPANP(DUMMY(N4),MA,P,MA) T T T RICOY
22 CALL ADD(P,NP,OUMMY(N4),NA,P,NP) RICO!
23 CALL SCALEC(P,NP,P,NP,0,5) RICOY
124 CALL ADD(R,NQ,P,NP,P, NP} . RICO!

i

CALL SCALE(P,NP,P,NP,=1,0) A-81 RICon1t
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187 CALL LNCNT(3)
iaa PRINT 500,I

A-82

126 ___ __ CALL SUBT(A,NA,DUMMY(N3),NA,NUMMY (N4 ,NA) _ RICO!
27 CALL TRANP (DUMMY (NG),NA,DUMMY (N3),NA) - RICOH!
28 C RICO!
129 . IFClOP(3) ,NE, 0 ) GO TO 6%0 RICO!
' 30 caLL BARSTW(OUMMY (N3),Na,B,NB,P,NP, 1OPT,SYM,EPSA,EPSA,DUMMY (N4)) ~ RICO!
ls: GO TO 675 RICO!
32 C ) . . o L RICO!
33 650 CONTINUE i . "RICO!
isa CALL RILINCDUMMY(N3),NA8,d,N8,P,NP,I0PT,3CLE,SYM,DUMMY(NY)) RICO!
35 G o - RICO1
136 675 CONTINUE T T 7 Rlcot
37 I1=1e1 RICO!
38___ _ CALL VAYEL (DUMMY(N2),NA,ANORMY) L RICO!
139 CALL SUBT(P,NP, DUMMY(NZJ NA,DUMMY (N3) ,NA) ) TTTRICO!
140 CALL MaxEL(ouwMVtws) NA,ANORM2) RICO!
Ala;_______IF(ANonut_.GT. 1,0) GO _T0 700 e RICO!
142 IF( ANORM?/ANORMI LT, RICTCY ) GO TO 800 T TTTTRICOU
143 GO TN 750 RICO!
a4 _C_ . . - e o RICO!
4s 700 CONTINUE - TTTTRICOU
1ao IF( ANORM2 LT, RICTCV ) GO TO 800 RICO!
‘87 C_ e - e e RICO!
48 750 CONTINUE ' T RICOY
149 IFC I ,LE, 101) GO TO 450 RICO!
150 __  CALL LNCNT(3) . e e RICO!
51 PRINT 775 T RICOM
.52 77S FORMAT(/,* THE SUBROUTINE RICMWT HAS EXCEEDED 100 ITERAYIONS WITHORICO
153 __ _ 1UT CONVERGENCE',/) e s RICO!
54 IoOPC(1) = 1 “RICO!Y
55 C RICO1
156 __ 300 CONTINUE ) i ) RICO1
157 CALL MULT(OUMMY,NF,P,NP,F,NF) - RICO1
58 GO TO 1300 RICO!
159 C . _ S _ RICu
160 900  CONTIMUE
61 IF¢ ,NOT, FNULL ) GO TO 950 RICO!
62 C . RICOY
163 CALL EGUATE(Q,NQ,P,NP) RICO
64 CALL EQUATECA,NA,DUMMY(NL1)Y,NA) RICO1
165 _ . _CALL TRANP(A,NA,DUMMY(N2),NA) _ . _ e RICO1
166 GO TO 1000 RICO!
67 925 CONTINUE RICOY
des_c._ e e o RICO!
169 I=T+1 RICO!
170 CALL EQUATE(P,NP,DUMMY,NP) RICO!
274 9S50 _CONTINUE _ . _ R e RICOM
72 C ~RICO!
173 CALL MULT(R,NR,F,NF,DUMMY (N1),NF) RICO!
374 CALL TRANP(F,NF,P,NP)_ o RICO1
!75 CALL MULT(CP,NP,DUMMY (ML) ,NF,DUMMY (N2),NA) “TRICOY
76 CALL TRANP(DUMMY (N2),NA,DUMMY(NL),NA) RICNHY
77 .. _. CALL ADD(CUMMV(Ntl,Nn.oummvtua),NA,oummvcmx),NA) RICO
178 CALL SCALE (DUMMY(N1),NA,DUMMY(N ,NA,0,5) T RICO!
*79 CALL ADD(R,NG,DUMMY(NL),NA,P,NP) RICO1
180 __ CALL MULT(B,NR,F,NF,DUMMY(N1),NA) _ RICO!
#81 CALL SURTCA,NA,DUMMY(N1),NA,DUMMY (N1),NA) RICO!
82 CALL TRANP(DUMMY(N1),NA,DUMMY (N2),NA) RICOY
_183 €. ) RICOY
84 1000 COMTINUE "~ RICO!
tgs CALL SUM(DUMMY(N2),NMa,P,NP,DUMMY (NLY,NA,IOPT,SYM,CUMMY(N3)) RICO!
TRE IFCIOP(2) LEG, 0) GO TO 1100 RICO!

" RICOY

RICO1
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189 . CALL PRNT(P,NP,4W P ,1) o ~ _ RICO
190 C ' e T RICO
191 1100 CONTINUE RICH
1192 CALL MULT(P,NP,A,NA,DUMMYCNY),N8Y . _ __ __RICO
193 CALL MULT(P,NM,B,NR,0UMMY (N2),NB) RICO
194 CALL TRAMP(B,NB,DUMMY (N3) ,NF) RICO
195 __ . CALL MULT(CUMMY(N3),NF,DUMMY(N1),NA,F,NF) . __ RIGe
196 CALL MULTCOUMMY(NS),NF,DUMMY (N2),NB,DUMMY(N1),NR) RICO
197 caLL TRANP(DUMMY (N1} ,NR,DUMMY(N2),NR) RICHO
198 _CALL ADD(OUMMY(N1),NR,QUMMY(N2),NR,OUMMY(N1),NRY  _  RICO
199 CALL SCALE(DUMMY(N1),NR,DUMMY(N1),NR,0,S) RICO.
200 CALL ADO(R,MR,DUMMY(N1),NR,DUMMY(N1),NR) RICH.
201 CALL SYMPDS(NR(1),NR(1),DUMMY(N1),NAC1),F,I0PT,I0PT,0DET, ISCALE,OUMRICO:
202 LMY (N2),IERR) RICO:
203 IFCIERR EQ, 0) GO TO 1150 RICO.
294 _.CALL LNCNT(3) ___ . e RICO:
20S PRINT 225 RICO:
206 RETURN RICO:
207.C_ . . . . N _.R“ICOE
208 1150 CONTINUE PICO:
209 I[F¢ 1 EQ, 1) GO TO 92§ RICO:
210 CALL MAXEL(OUMMY,NA,ANQRM1) = _ . RICOC
211 CALL SURT(P,NP,DUMMY,NA,DUMMY(N1),NA) RICO:
212 CALL MAXEL(DUMMY(N1),NA,ANORM2) RICO:
213 IF( ANORMY ,GT, 1,) GO_YO 126 _ _ ... . __._RiIcoc
214 IF( ANORM2/ANORMi (LT, RICTCV ) GO TO 1300 T RICO:
218 GO TO 1250 RICO?
2161200 CONTINUE _ e B RICOZ
217 IFC ANORM2 LT, RICTCV ) GO TO 1300 TTURICOE
218 C RICOZ
1219 1250 CONTINUE _ ) L . o L RICOZ
220 IFC I LE, 101) GO TO 925 -k © TRICO2
221 CALL LNCNT(3) RICO2
22 eRINT TS e . __RICOC
22% ToPCl) = TRICO2
224 C RICO2
225 1300 CONTINUE ) o e L RICO2
226 IFC(IOP(1) EQ, 0 ) RETURN ’ RICO2
227 CALL LNCMNT(4) RICO?
b2s_____ PRINT 13S0, . e e RIC02
129 1350 FORMAT(//,* FINAL VALUES OF P AND F AFTER’,15,° ITERATIONS TO CONVRICO2
230 1ERGE®, /) , RICO?2
"31__ CALL PRNT(P,NP,4H P ,1) o L RICO2
132 CALL PRNT(F,NF,d4Hd F ,1) T T RICO2
233 C RICO2
_f£34____ RETURN — - _- - RICO02
f;s END RICO2
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0 _ _ _SURROUTINE ASMREG(A,NA,B,NB,H,NH,Q,NQ,R,NP,F,NF,P,NP,TDENT,DISC,N ASM0

' 1 1EWT,STABLE,FNULL,ALPHA, 1OP, DUMMY) ASMO
2 IMPLICIT REAL#8 (A=M,0-2) AgMO

S W CDIMENSINN A(1),R(1),H(C1),0C1),RCL)Y,F(1),P(1),0UMMY (1) asM0

l 4 NIMENSION MA(2),NB8(C2),NH(2),NQ(2),NR(2),NF(2),NP(2),1I0P(S),I0PT(3)A8M0
S 1,NOUML (2) ,NDUM2(2) ,NDUMT(2) ASMO
b _ LOGICAL IDENT,OISC,NEWT,STARLE,FNULL,SING ) BLELD

7 N B8 NA(L) *w2 ASMNO

' 8 Ni2 Net ASMN
.9 . __10PTT20_ __ L e — e aSmn
10 IF ( ,NOT, NEWT ) GO TO 600 T ASMO

11 IFC STABLE ) GO TO S00 ASMO
d2______1F ( FNULL ) GO TO 100 . B i _ ASMO.
13 caLlL MULT(B,NH, F NF , DUMMY ,NA) ASMO’
14 CALL SUBTC(A,NA,DUMMY, NA,DUMMY ,NA) ASMO
1S CALL TESTSA(DUMMY,NA,ALPHA,DISC,STABLE,ICPTT,DUMMY(N1)) ASMQ(
16 GO TO 200 T ASMOC
17 100 CONTINUE ASMQC
18 CAOLL TESTSA(A,NA,ALPHA,DISC,STABLE,IOPTT,DUMMY) = = _____AsSMor
19 ¢ ASMOC
20 200 CONTINUE ASMOC
2L _ . _IF(_STABLE ) GO_TO S00__ __ ___ _  ___ __ L __ASMOr
22 IF(¢ NDISC ) GO TO 230 ASMOC
23 J 3 «NA(}]) - ASMOC
24 _NAX_ s NA(Y) _ N ASMOC
2S DO 210 I =1,NAX " ASMQC
26 J = J ¢ NAX ¢} ASMQ
z7____ﬁ _ACJ) = A(J)=ALPHA L ~ o ASMOn
HEE 210 CONTINUE - T ASMOO
29 SCLE = 3, ASMQ0
30 . I0PT(1)=I0P(1) i - ) ASMNO
31 I0PT(2) = 1 ASMO0
32 I0PT(3)=1 ASMO0
33 CALL CSTAB(A,NA,B,NB,F,NF,I0PT,SCLE,DUMMY) L ASMON
34 J = eNA(1) - T TASMO0
1S DO 220 I=1,Nax ASMON
36 _ J = J ¢+ NAX ¢+ | 3 ASMOO
37 ACJ) = A(J) ¢+ ALPHA ASMOQ
33 220 CONTINUE ASMO0
_¥39_ 225 COMTINUE _ - o N ASMON
49 CALL MULT(B,NB,F,NF,DUMMY, NA) Y ¥ 1 1 1)
41 CALL SUBT(CA,NA,DUMMY,NA,DUMMY, NA) A8MOO
, laa__* _ CALL TESTSA(DUMMY,NA4,8LPHA,DISC,STABLE, IOPTT,DUMMY(N1)) aSMO0
43 GO TO 300 ' ' ASMO0
4a C ASMO0
_lgs___gso_CONTINue _ o ASv00
46 J = 2+#MACLY ¢+ 1 T TTTeremTTerTe e o T T ASMQC
a7 IFC JNOT, FNULL ) J =J + N ASMOD
48 SIMNG = .FALSE. ASMQON
!aq IFC DuMMY (J) ,EQ, 0,0 ) SING = ,TRUE, ) ASMQQ
50 10PT(1) = I0P(1) ASMON
S1 10PT(2) = 1 ASMOO
lsa DSCLE = 0,5 - - ASMO0
"5 ALPHAT = {,/4LPHA ASMO0
54 ~ CALL SCALEC(A,NA,A,NA,ALPHAT) ASMQOQ
55 CALL SCALE(B,NB,B,NR,8LPHAT) ASMOA
oS5 caLL OSTAB(A,NA,B,NB,F,NF,SING,IOPT,DSCLE,DUMMY) ASMOA
57 CALL SCALE(A,MA,A,NA,ALPHA) ASMQ0
58 cAaLL SCALE(B,NB,B,NB,ALPHA) - ASMO9
9 GO T0 2285 ASMQO
"60 C ASMQ0
1 300 CONTINUE ASMON
2 {F( STARLE) GO TO 400 A-84 ASMQ0
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63 __ _ CALL LNCHNT(S) o _ ASMO
64 tTF( 0ISC ) GO TN 330 - ASMO-

l 65 PRINT 310,ALPHA ASMO
66 310 _FORMAT(//* IN ASMREG, CSTAB HAS FAILED TO FIND A STABILIZING GAIN ASMO:
67 1 "ATRIX (F) RELATIVE O *,/,° ALPHA 3 *,016,8/7) V T T A8MO
68 RETUAN ASMO(

. 69 __330 CONTINUE s ASmor
70 PRINT 340,A4LPHA T T AgMof
71 340 FORMAT(//°* IN ASMREG, DSTAB HAS FAILED TO FIND A STABILIZING GAIN ASMO‘
J2_ 0 A_MVATRIX (F) RELATIVE TQ_°*,/,° ALPHA_ 3 °,016,8/) ASMO
73 RETURN T T TTasMoc
74 C ASMO(
IS.._400 _CONTINVE _ N ASMOf
76 FNULL = ,FALSE, T T T T Tasmoc
77 ¢ ASMO T
I_JG___SQO_CONtlﬂUE e e e ASMQ ¢
79 CALL RICNAT(A,NA,B,NB,H,NH,Q,NG,R,NR,F,NF,P,NP,I0P,I0ENT,0LISC,FNUY ASMOC
8n 1LL,0UMMY) ASMo (€
81____ __GO_TD 750 . e ASMOC
82 ¢ "ASMOC
83 600 COMTINUE ASMOC
B4 __IF(DISC_) GO TQ 700 ASMo €
85 NW 3 4eN ¢ 1 - AgMoC
86 NLAM 3 NW ¢ UwnN ASMOC
BT MDUM = NLAM_ ¢ N D ASmor
88 I0P(3) = 1 L L
a9 CALL CMNTREGCA,NA,B8,NB,H,NH,Q,NQ,R,NR,DUMMY, DUMMY (NW) ,DUMMY (NLAM), ASMOO
90 _____1S,F,NF,P,NP,T,10P, IDENT,DUMMY (NDUM)) e ASM00
91 Go Teo 70 e T ASMOO
92 700 CONTINYE ASMO0
93  _ . CALL.DISREG(A,NA,B,NA,H,NH,Q,NQ,R,NR,F,NF,P,NP, 0P, IDENT,DUYMY)  ASMO0
94 ¢ - ASMOO
95 7SO CONTINUE ASMO 0
196 C. . . o o ] . ASMO0
97 IF( I0P(4) LEQ, 0 ) GO TO 1100 T 7T ASMOO
98 C ASMOO
99 . N2z NI & N . . . ASv01
100 N3IZ N2 ¢+ N ASMO 1
101 C ASMO Y
02 ______IFC.DISC ) GO TO 80O el e ASMO 1
103 CALL MULT(P,NP,8,NB,DUMMY,NB) T T asvoy
100 CALL MULT(DUMMYQNB'F'NFpDUMMY(Nl)le) AS“Ol
(0S__ ____CALL TRANP(DUMMY(N1),NP,DUMMY, NP) - I ASMO1
.06 CALL ADD(DUMMY,NP,DIMMY (N1),NP,DUMMY,NP) T ASMO1
107 CALL SCALE (DUMMY,NP,DUMMY,NP,0,5) ASMO |
.1.08 _ ____ CALL SUBT(Q,NG,DUMMY,NP,DUMMY,NP) e ASm01
09 CALL "ULT(P,NP,A,NA,OUMMY(N1),NP) TASMO1
110 CALL ADD(DUMMY ,NP,DUMMY(N1),NP,DUMMY,NP) ASMO 1
111 _CALL TRANP(DUMMY(N1),NP,DUMMY (N2),NP) _ o ASMO1
.12 CALL ADD(CUMMY NP ,DUMMY (N2) ,NP,DUMMY ,NP) ASV01
13 GO TO 900 ASM01
114 C . . . __. e A L L ASv01
15 800 CONTINUE "7 Asu0y
16 CALL MULT(R,NR,F,NF,DUMMY, NF) ASMQ 1
117 . . CALL TRANP(F,NF,NDUMMY(N1),NR) ASMQ ¢
18 CALL MULT(DUMMY(N1),N8,DUMMY , NF,DUMMY (N2),NA) ASv)
19 CALL ADD(DUMMY(N2),N&,Q,NO,DUMMY,NA) ASM01
120 ... . . CALL MULT(B,NB,F,NF,DUMMY (N1),NA) , ) ) ASM0 Y
121 CALL SUBTCA,NA,DIMMY(NL),NA,DUMMY (N1),NA) ASWO Y
22 CALL MULT(P,NP,DUMMY (N1),NA,DUMMY (N2),NA) A8V
m23 CALL TRANP(DUMMY (N1),NA,DUMMY (NT),NA) ASMOQ1
124 CALL MULT(DUMMY(N3),NA,DUMMY (N2),NA,DUMMY (N1),NA) ASMO |
CALL ADD(DUMMY,NA,DUMMY(N1),NA,DUMMY,NA) ASMO 1
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26 _ ___ CALL SUBT(P,MP,DUMMY,NA,DUMMY NA) _ ASMO1
27 ¢C ASMNY
128 900 CONTINUE ASMO 1
*22___.~_CALL_LNCNT(4), e e e e AgMOY
30 PRINT 1000 aSMO1
31 1000 FORMAT(//° RESIDUAL ERROR IN RICCATI EGUATION */) ASMO1
132 _CALL_PRNT(DUMMY,NP,UHEROR,1)_ - e ASv01
(33 C ASMO Y
.34 1100 CONTINUE ASMO1
~135____ _ No=m NieNa(l) . S _ ASMO1
;. 36 N33 N2eNA&(1) A3M) 1
(37 ISV = 0 ASMO1
138 CALL_EQUATE(P,NP,DUMMY NP) ASMO!
139 CALL EIGEN(NACL),NA(L),DUMMY,DUMMY (N1),0UMMAY(N2),TSV,ISV,V,0UMMY(NASMAY
140 13),IERR) ASMO!
241 MEVL_ = NA(CY) . _ o - — ASMO |
142 1F( lERR EO. 0) GO TO 1300 ASMO1
143 NEVL=N6(1)-IERR ASMO 1
R T CALL_LNCNT (4) e e ASMO Y
145 PRINT 1200,IERR ASMO1
146 1200 FORMAT(//°* IN ASMREG, THE °*,I1S, * EIGENVALUE OF P HKHAS NOT HEEN C0ASMO1
Q47 \PUTED AFTER 30_ITERATIONS_°/) o ASMO1
148 C ASMO 1
149 1300 CONTINUE - ASMO
.lxsp ___NDUMI(1) = NEVL _ - o ASMO 1
151 "NDUMI(2) = 1 “ASMOt
152 CALL EQUATE(DUMMY (Nt),NDUML,DUMMY ,NOUM1) ASMO1
1S3 N1 3 NDUM1I(1) +1 ASMO1
fi54 CALL MULT(B,NB,FyNF, GUMIY N Y, NEY T T T TTAsMmot
155 CALL SUAT(A,NA,ODUMMY(N1),NA,DUMMY (N1),NA) ASMO 1
1S6 _ . N2 = N1eN o - ASMO 1
157 CALL ERUATE(DUMMY(N1),NA,DUMMY(N2),NA) ASMO 1
158 NE=N2eN ASM0 !
159 NU3NIeNA(1) e _ ASMO !
160 NS2NU+NAC]) o T ASMO!
161 CALL EIGEN(NA(1),NA(1),DUMMY(N2),DUMMY (N3),DUMMY(NU),ISV,ISV,V,DUMASMO!
162 . LMY (NS), LERR) i} L ASMO!
163 NEVL = NAC(}Y) ASMOQ 1
164 IFC IERR L,ER, 0 ) GO TO 1500 ASMO
165 NEVL=NA(1)=IERR e ASMQ!
166 CALL LMCMNT(4) } B T T T ASMO
167 PRINT 1400,IERR ASMN
_¥168___ 1400 FORMAT(//° IM ASMREG, THE °,IS5,°’ EIGENVALUE OF A=AF HAS NOT BEEN CASMO!
169 {OMPUTED AFTER 30 ITERATIONS’/) ' ASMQ 1
170 C ASMQ1
JL71__ 1500 _CONTINUE ASMO !
172 TNOUMR(1) = NEVL - T T T - ASMO !
173 MDUM2(2) = 1 ASMO ¢
174 __ CALL JUXTC(DUMMY(N3),NDUM2,DUMMY (N4),NOUM2,DUMMY (N2) ,NDUM3) ASMO 1
175 C " ASMQ
176 IF ¢ I0P(S) ,EQ, 0 ) RETURN ASMO
nrre o _ - A3MO-
178 CALL LNCNT(4) T - o - ASvQ -
179 PRINT 1600 ASMO
180 1600 FORMAT(//* EIGENVALUES OF P */) ASMO -
181 CALL PRNT(DUMMY,NDUML ,UHEVLP,1) ASMQ
182 CALL LMCNT(4) aASv0 .
183  PRINT t700 ASMQ
184 1700 FORMAT(//° CLOSEN=LNOP RESPONSE MATRIX A=8F */) B ASMQ
185 CALL PRNT(DUMMY(N1),NA,4HBeRF, 1) ASMQ
186 CALL LNCNT(3) A3MQ
187 PRINT 1300 ASMQ -
188 1800 FORMAT(//* EIGENVALUES OF A=BF°*) , oo ASMO




s

L ]
189 CALL PRMT (7UMMY(N2) ,NOUM3,0,3) o o o AgMQ !
190 € A3M0
191 RETURN ASvY
192 _ .. END e U S A3MQ
ord
|
]
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S

i T =0T
0 _ SURBROUTINE ASMFIL(A,N&,G,NG,H,NN,Q3,NQ,R,NR,F,NF,P,NP, xoe~r 0ISC,N AS “‘1
1 1EWT, STASLEaFNULLoALPHA.XOPoDUM"V) AS: !
2 IMPLICIT REAL®8 (Aen,0e2) AS: |
3. __DIMENSION AC1),6(1),H(1),QC8),R(1),F(1),P(1),0UMMY (1) as ;
¢ ODIMENSION NA(2),NG(2) NH(2),NR(2),NR(2),NF(2),NP(2),10PT(S),NOUM] (AS" :
S 12),10P(1) AS" |
6 _ _ __LOGICAL IDENY'DISC'NEWY'STABLEJFQQJLL . . AS™ 14
7 IFC 10P(1) LEQ, 0 ) GO TO 100 T oasw ;
8 CALL LNCNT(4) AS™
— 9 _ . ___IF(DISC) PRINT IS _ _ — asv
10 IF( ,NOT, DOISC ) PRINT 28 T T 7T T ase
11 1S FORMAT(//,°* PROGRAM TQO SOLVE THE NISCRETE INFINITE~OURATION OPTIMAASM
12 4L FILTER PROBLEM®,/) _ A8
13 25 FORMAT(//,° PROGRAM TO SOLVE THME CONTINUOUS INFINITE«DURATION QPTIASM
14 {MAL FILTER PRORBLEM®,/) ASv
— 15____ ___CALL PRNT(A,NA,4H A ,1) e ASwv
16 IFC NOT, IDENT ) 60 TO 3% T T T A
17 CALL LMCNT(3) asM
. 18____ _PRINT 30 e e ASM
19 30 FORMAT(/,* G IS AN IDENTITY MATRIX®,7) T T Ak
20 GO TO 40 ) ASw
2l __ 35S _CoNtInVE . e — Ag™
22 CALL PRNT(G,NG,4H G ,1) ‘ ASM!
23 40 CONTINUE L8
-84 CALL PRNT(H/NH, M W_ o) AW
as CaLL LNENT(3) Agme
26 PRINT 4S5 ASM(
| 27— .. U4S_FORMAT(/, *INTENSITY MATRIX_FOR COVARIANCE OF MEASUREMENT NOISE®,/)ASM¢
28 cALL PRN]’(R:NR 4" R 1) ASm¢
29 C AgMA
30,_ . IFC NOT, IDENT ) GO TO 65‘ ) . B ASME
31 caLL LNCNT(3) - . ' ’ ASMn
32 PRINT SS ASMO
.33_ _ S5 FORMAT(/,* INTENSITY MATRIX FOR COVARIANCE OF PROCESS NOISE’,/) ASME
34 C T T ASMo
35 65 COMNTINUE o ASMO
36 CALL PRNT(G,NQ,4H G ,1) _ B NS ‘ ASMC
3t ¢ foQ T ASMO
38 100 CONTINUE “p, 43Mn
39 _reereny=ropey o o, . ASMA
40 I0PT(2)=210P(3) G, T T asMe
C 7 at I0PT(3)=10P(4) v?y:“ ASMO
42 I0PT(4)=10P(S) L aASMo
43 I0PT(S)=0 o I a8M0
4a K =0 ASMO
.85 C - N . . ASMQ
" 46 200 CONTINUE e —— ¥ TV T
47 CALL TRAMP(A,NA,DUMMY,NA) ASMQ”
4B CALL EQUATE(DUMMY,NA,a,NA) ASMO
49 CALL TRANP(H,NH,DUMMY,NDUML) T T ASMQ’
50 CaLL EQUATE(DUMMY,NDUM],H,NH) ASMO-
"S1 ___ _IFC IDENT ) GO TO 250 ASMQ
52 CALL TRANP(G,NG,DUMMY, NDUML) — =~ 777 ST o T 77T ASMo-
53 CALL ERUATE(DUMMY,NDUMY,G,NG) ASMy -
S4 250 CONTINUE ) ASM)”
55 IF ( K LEG, 1 ) RETURN ’ ’ ASMo -
56 C ASMQ -
S7 K 3 Ket ASMA’
" 58 CaLL ASMREG(A,MA,H,NH,G,NG,G,NQ,R,NR,F,NF,P,NP,INDENT,NISC,NEWT,ST ASMQ-
59 1ARLE,FNULL yALPHA,ICPT,DUMMY) ASMg~
lbO (o ASMmQ -
%ol N{S(NAC(1)*#w2)+3aNA(CL )+ ' A-88 ASMQ -

I 62 CALL TRANP(F,NF,DUMMY(NT),NDUMY) - : ASMO~




63 __ CALL EQUATE(DUMMY (N1),NOUML,F,NF) ASMO

l 64 C ASMO
6S IFC 10PC1) EQ, J ) GO YO 200 (Y.L L

. 66 .C . i o _ _ ASMO
67 IF(IDENT) GO TO 390 - T T ASMO

' 68 CALL LNCNT(3) ASMO
69 _  _ PRINT S8 ASMG
70 CiALL PRANT(Q,NA,UHGAGT,1) - - ASMO

l 71 ¢ ASMO:
72 .__300 CONTINUE e L ASMO’
73 CaLL LNCNT(Y) T TASMO

I 74 PRINT 328 ASMO-
.75....325 FNAMAT(/,* FILTER GAIN®,/) __ ASMO
Te CALL PRANT(F,NF,4H F ,1) i TASMO
77 CALL LNCNT(3) ASMO

| 7e— __ print 350 ASMO
79 350 FORMAT(/,°STEADY=STATE VARIANCE MATRIX OF RECONSTRUCTION ERROR’,/)a8M0
80 CALL PRNT(P,NP, UM P ,1) ASMO°
_B81__ NOUML(LYENPCY) _ . e ASMor
82 NDIME (2) st - ASMQ I
a3 CALL LMCNT(3) ASMO/
A4 ____ __ _PRINT 378 L ) . A3MO(
85 375 FORMAT(/,* EIGENVALUES OF P *,/) T T TTagMer
86 CALL PRNT(NDUMVY , NDUMIL, QHEVLP.I) ASMOr
_ar My = MP(1) ¢ 1 e aA3Mor
LY N 2 NA(L)w#? - ) ASMQ/
a9 N2 3 N1 ¢ N ¢+ 2aNA(Y) ASMO!
90 CALL TRAMP (DUMMY (N1),NA,DUMMY (N2),NA) B ASMO
i 9 CALL PRNT(DUMMY(N2),NA,UHA=FH,1) - ELLIS
3 92 M2 3 Nt ¢ N AgMC
- 93 . CALL LNCNT(3) . ASMO(
94 PRINT 3AS ASMyC

! 95 385 FORMAT(/,*® EIGENVALUES OF AeFN MATRIX®, ASMQC
* 96 NOUMY (1) 3 NACL) L ASMO¢
97 NOuMi(2) = 2 T ASMOC
l 98 CALL PRNT(DUMMY(N2),NOUML,0,3) A3MNC
99 C ASMQ
100 GO TO 200 ASMO !
§101 C ASMO*
2102 _ _ __ END ASMN
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-0 ___
' 1 {NP,HIDENT ,HMDENT ,DISC,NEWT,STABLE,FNULL,ALPHA,IQRP,DUMMY) EXPC!
2 IMPLICIT REAL®8 (A=W,0=2) EXPO:
-3 NIMENSION AC1),BC1),HCL1),AM(1),HM(1),QC1),R(1),FC1),P(1),0UumMmMY (1) EXPO
¢ DIMENSION NA(2),NB(2),NH(2) ,NAM(2) ,NKM(2),NA(2) ,NR(2),NF(2),NP(2),EXPO
l S 1I10P(1),IGPT(S),NOUML(2),NOUM2(2),NOUMS(2) EXPO
T & ___  __LOGICAL HIDENT,HMNENT,DISC,NEWT,STABLE,FNULL,SYM EXPO!
7 COMMON/TOL/EPSAM,EPSAM, TACM T EXPO!
l 8 IPC 10PC1) LEQ, O ) GO TO 300 EXPO’
9 _ CALL LNCNTCO) e EXPO
10 IFC OISC ) PRINT 2§ T T TExXPO.
11 IF( NOT, DISC ) PRINT S0 EXPO!
12 ___ . 2S FORMAT(/,°* PROGRAM TO SOLVE ASYMPTOTIC OISCRETE EXPLICIT MODEL<FOLEXPO’
L3 {LOWING PROBLEM®,//,* PLANT DYNAMICS’,/) ExXPO!
14 S0 FORMAT(/,°* PROGRAM TO SOLVE ASYMPTOTIC CONTINUOUS EXPLICIT MOODEL<FEXPO
1S _____ _JOLLOWING PROBLE“®,//,° PLANT DYNAMICS®,/) ExPO’
16 CALL PRNT(A,NA,UM A ,1) T T TExPO!
17 CALL PRNT(A,NB,UuM B e d) EXPO(
J18_ __ __IF(KMIDENT ) GO TO IS o _ EXPO(
19 CALL PRMT(M,NH,4H H ,1) T EXPo!
20 GO T0 100 EXPOC
_23___ _7S.CONTINUE _ . , e e e EXPO(
22 CALL LNCNT(3) EXPO(
23 PRINT &S EXPOC
.24 _ .85 FORMAT(/,* H 1S AN IDENTITY SATRIX’,/) o EXPO!
2s % T T 7T TEXPOC
26 100 CONTINUE EXPN(
vl . CALL _UNCNT (4) e e e . o o EXPO
i 2R PRINT 129 T EXPO’
s 29 125 FORMAT(//,° MODEL DYNAMICS'’,/) EXPOC
.30 __ . . CALL PRNT(AM,NAM,4H AM ,1) . . EXPOC
31 1F( HMDENT ) GO TO 175 - T T EXPO(
| 32 CALL PRNT (MM, NHM,UH HM , 1) EXPOC
33 _. GO T0 200 .. _ L - . o EXPO(
34 175 CONTINUE T EXPOC
3S CALL LNCNT(3) EXPOC
36 PRINT 185 EXPO!
37 185 FORMAT(/,* WM IS AN IDENTITY MATRIX *,/) T U EXPOC
38 C EXPQ
.39 _.200 CONTINVE = = ________  _ _ L e ExPor
40 CALL LNCNT (W) T T EXPO
41 PRINT 225 EXPO(
_42_ . 22S_FORMAT(//,° NEIGHTING MATRICES ‘,/) _ L EXPO
a3 CALL PRNT(Q,NQ,UH G ,1) T T EXPOC
44 CALL PRNT(R,NR,4” R ,1) EXPO’
1-4s Cc.. . _____ . _ s o EXPGY
46 300 CONTINUE T TTTTEXRPOC
47 IF( 10P(2) LEQ, 0 ) GO TO 40N EXPO(
.48 _ _. NF(1) = MB(2) o ) ) ) EXPO’
49 NF(2) = NAC(Y) ‘ TTTEXPO
50 NP(L) = NAC(L) EXPO
§1 _ MP(2) = NA(1) S o , EXPO
s2 IOPT(1) = I0P(3) ) T EXPO
53 IOPT(2) = 10P(4) EXPO”
Su TOPT(3) = IUP(S) EXPO
55 10PT(4) = O T EXPO:
l Sé 10PT(S) = O EXPO-
T 8T . N1 = NA(1)#NA(2) ¢+ | ‘ ' EXPO
53 CALL EQUATE(R,NB,DUMMY,NQ) ) T EXPOC
l 59 CALL ASMREG(A,NA,B,NB,H,NH,DUMMY ,NQ,R MK ,F,MF,P,NP,HIDENT,DISC,NE EXPN
' 60 IWT,STARLE,FNULL,ALPHA, IOPT,DUMMY (N1)) EXPO
61 C ExPn-
l 62 4n0 CONTIHUE A=90- ' EXPO

SUBROQUTINE EXPMUOF (A, NA,B,NB, M, NMH, A, NAM N, NHM,Q,NQ,R ,NR,F,NF,P, EXYPN' !




).

ExpPOr
EXPQC
ExPOC
ExpPOr

TEXPO

EXPOC
EXPOC
EXPO’
ExpPor
Expar
ExXPO
ExPor
ExPO"
EXPOC
EXPO
eExPonr

TTEXPOC

EXPOC
EXPOC
EXPns
EXFOC
ExXpPoOC

TTEXPOC

LA E-DXd
TYA0c
AP0’
EXPOr
EXPO’

TTEXPOC

ExXPQr
EXPOC

" EXPOCr

A~91

63 1FC I0P(1) EN, 0 ) GO TO 600
64 CALL LNCHT(4)
6S PRINT 428

66 _ _42S FNRMAT(//7,° CONTROL LAWN U B oF( COL.(X,X™) ), F = (F11,F12)°,/
67 CALL LMENT(S) T
68 PRINT 480
69 _ _US0 FOWMAT(/,* PART NF F MULTIPLYING X *,/)

70 CALL PRNT(F,NF,aH F11,1)
LA 1F¢ ,NOT, OISC ,AND, lOP(2) ,EQ, 0 ) GO TO 600
-~ 12 __ caLL 99~T(PaNP “H PIt,1)_ __ o I
73 IFC I0P(2) ,EQ, 0 ) GO TO 600 T
74 CALL LNCNT(2)
I L PRINT 47S
76 47S FNRAMAT(/,°* EIGENVALUES OF P11°)’
7 NOUML (1) = Na(1)
218 _ __ ____ _NDUMi(2) . = 1 e e e e e e e e e
79 CALL PRNT (OUMMY(N1),NOUMT,0,3)
80 Ni 8 Nt ¢ NOUMLI(1)

81  _NDUMI(2) ® NACY)_ e
82 CALL LNCNT(2) ’
83 PRINT S00
R4___S00 FARMAT(/,’ PLANT CLOSED=LOOP RESPONSE MATRIX A = BF11°)
as CALL PRNT(DUMMY(N1),NDUML,0,3)

86 CALL LNCNT(2) ~

87 _PRINT 825 "

a8  $25 FNRAMAT(/,* EIGENVALUES OF CLOSED«LOOP RESPONSE MATRIX®)
89 N1 3 Nt & NOUMI(1)aNDUML(2)

90 _ NDUMLI(2) = 2 L
91 CALL PRMT(DUMMY(N1),NDUMY,0,3) T )
92

93 600 CONTINUE B -

94 NFC1)= NB(2) -
95 NF(2)2 NACL)
96 ____CALL MULT(8,NB,F,NF,DUMMY,NA)
97 CALL SUBT(A,NA,DUMMY,NA,DUMMY,NAY "“
98 1F( 1OP(1).EQ, 0 LOR, 1l0P(2) ,NE, 0 ) GO TO 700
99 CALL LNCNT(2)
100 PRINT S00
101 CALL PRNT(OUMMY,NA,0,3)
~102 - e . .

103 700 CONTINUE ST T -

104 Nl 3 NACL)»#2 o}

105 _ CALL TRANP (DUMMY,NA,OUMMY(N{),NA)

106 CALL EAUATE(DUMMY (N1),NA, oumwv NA) T

107 NF(2) = NA(1) + NAM(1)

108 ____NP(2) = NFC2

109 IF( NOT, DISC LAND, JOP(2).EQ, 0 ) NP(2) = NAM(2) -

110 IOPTT=0

11t syM = ,FALSE,

112 CaLL EQUATEC( Q,NQ,DUMMY(N1),NDUM2)

113 IFC HMDENT ) GO TO 725

q1e CALL MULT(Q,NG,HM,NHM, DUMMY (N]1),NDUM2)

115 725 CONTINUE ‘ T T

116 IF( HIDENT ) GO TO 750

117 M o= oNT ¢ NGUI)I*NHM(2)

118 CALL TRAMP(H,NH,DUMMY (N2),NCUML)

119 N3 3 N2 ¢ NH(1)enk(2)

126 CALL MULT (DUMMY (M2),NDUM], DUMMY (N1),NHM, DUMMY (N3),NDUM2)

121 CALL EQUATE(OUMMY (NZ),NDIUM2,DUUMMY (N1) ,NDUM2) '

122 750 CONTINUE

123 NZ = MACL)*#*#2 + NAC1)®NHM(2) + 1

124 N3 = MA(1)»+2 ¢+ |

125 IFC NOT, DISC .aND, IDP(2) ,EQ, 0 ) N3 =1

EXPOL
EXPOC
EXPOC
EXPOC
EXPO!
EXPO"
EXPO:
EXPO
EXPo:
EXPO:
EXPO"
EXPG!
EXPO!
EXPO!

‘EXPO:

EXPO:
EXPO!

TEXPHC

EXPO"
EXPO"
EXPO’
EXPO
EXPO-
EXPO

EXPO"
EXPN

EXPo

EXPN
E¥PH
EXPO
EXPO

ke e tet e ke i s <




126 ____ _CALL EQUATE(DUMMY(N1),NOUM2,P(N3),NOUM2) EXPO
127 IF¢ DISC ) GO TO 800 T T EXPO
128 EPSA = EPSAM EXPO
129 . CALL BARSTW(DUMMY,NA,AM,NAM,P(N3),NOUM2,10PTT,SYM ,EPSA,EPSA,DUMMYEXPN
130 1(N2)) - EXPN
131 GO TO 900 EXPO
132.¢ . . . ExPo
133 800 CONTINUE h ’ " EXPO
134 CALL SCALE(P(N3),NDUM2,P(N3),NDUM2,«1,0) EXPO
*13S_ . N4 3 N2 eNAM(1)xwQ2 e EXPO
136 CALL EQUATE (AM,NAM,DUMMY(N2),NAM) T TTTTTTTTT OEXPO
137 CALL SUMIDUMMY,NA, P(N}) NDUM2,0UMMY (N2) ,NAM, IOPTT,SYM,DUMMY (NU4)) EXPO
138 C..__ _ S EXPO
139 900 CONTINUE o N 4 ()]
140 N2 = NB(2)#NA(L) + 1 ExPO
141 —_CALL TRANP(H,MB,DUMMY,NDUM1) o B EXPN
142 CALL MULT(DUMMY, NDUMt.P(NS) , NOUM2,F(N2),NDUM3) " T EXPO
143 IFC ,NOT, DISC ) GO TO 1000 EXPO
144 _____ __Nt1_ = NB(l)tNB(Z) + 1 o EXPO
145 CALL MULT(DUMMY,NDUML,P,NA,DUMMY (N1),NOUM2) T TTTTEXPO
146 CALL MULT(DUMMV(Nl).NDUMaaBoNBaDUMMY NR) EXPO
147 _CALL ADD(R,NR,DUMMY,NR,DUMMY,NR) EXPO
148 GO O 1100 ) EXPO
149 C ’ - EXPO:
150__.1000 CONTINUE ” ‘ g } _ _ EXPO"
151 - CALL EGQUATE(R,NR,DUMMY,NR) T OEXPO"
1s2 € EXPO!
153 _ 1100 CONTINUE L EXPO!
154 Ni = NRCL)##2 ¢ 1| - T EXPOY
Biss CALL SYMPDS(NR(1),NR(1),DUMMY, NHM(2),F(N2),IOPTT,IOPTT,DETERM,ISCAEXPO!
1S6 1LE,OUMMY(N1), LERR) . EXPN
157 IFC 1ERR LEQ, 0 ) GO TO 1200 EXPO
158 CALL LNCNT(B) EXPO!
_159 _ PRINT tis0 ) EXPO!
160 1150 FORMAT(/,* IN EXPMDF, THE COEFFICIENT MATRIX FOR SYMPDS IS NOT SY EXPO!
161 {MMETRIC POSITIVE DEFINITE *,/) EXPO!
162 RETUPN L S o EXPO*
163 C T EXPO:
164 1200 CONTNUE T T EXPO!
_M16S___ ___IFC .NOT, DISC ) GO TO 1300 Y T EXPO!
166 CAaLL MULT(F(Ma) NOUM3, AM, NAM, DUMMY ,NDUM]) metALY = gxpeq
167 CALL ERQUATE (DUMMY ,NDUMY, F(Na) NOUMY) EXPO!
166 __1300 CONTINUE L B o , o EXPO
7169 IFC I0P(C1) LEQ, 0 ) RETURN T EXPO!
170 CALL LNCNTC(3) EXPO!
b7y _____ _PRINT $325 L L o EXPO!
172 1325 FORMAT(/,* PART OF F MULTIPLYING XM ?*,/) . T T T EX PO
173 CALL PRNT(F(N2),NOUM3,UH F12,1) EXPO
F174 ____ NDUMI(1) = NA(1) o B o A EXPO*
B175 NOUMY (2) = Nam(1) ' 7T EYPOY
176 CALL PRNT(P(N3),NOUML,4H P12,1) EXPN’
177 _ . __ RETURN 4 o ] EXPO!
jx?& END T T EXPO!
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0 SUBROYTINE IMPMOF (A,NA,B,NB,H,NH,AM,NAM,BM,NBM,Q,NQ,R,NR,F,NF,P,N T4P0O

l 1 1P,INDENT,CISC,MEWT,STABLE,FNULL,ALPHA, 10P,DUMMY) : IMPO
2 IMPLICIT REAL®R (AeH,0e2) IMPO

. DIVENSION A(1),BC1),HCL),AM(1),BM(1),0(1),R(1),F(1),P(1),0UMMY(1) IMPO
4 NIMEMSION NA(2),NB(2),NHC2),NAM(2) ,NBM(2) ,NQ(2),NR(C2),NF(2),NP(2),IMPO

‘ S 1I10P(1),10PT(S),NOUML(2) IMPO
6 _ LOGICAL IDENT,DISC,NEWT,STABLE,FNULL,HNIDENT [MPO

7 IFC ICP(1) .EQ, 0 ) GO TO 200 - IMPO

8 CALL LNCNT(6) IMPO

L. 9 .. IFC DISC ) PRINT 25 L o IMPO
10 IF( (NOT, DISC ) PRINT SO ' T T T 1veo
i 2s Fonmar(/.'P"ocaAM TO SOLVE ASYMPTOTIC DISCRETE IMPLICIT MODEL<FOLLIMPO
12 . . tOWING PROBLEM®,//,* PLANT DYNAMICS *,/) IMPO
13 S0 FNRMAT(/,* PROGRAM TQ SOLVE ASYMPTUTIC CONTINUOUS IMPLICIT MODEL=FIMP(
14 1OLLOWING PROBLEM®,//,°* PLANT DYNAMICS®,/) IMPO
15 __ ___ CALL PRNT(A,NA,4W A ,1) IMPO
16 CALL PRNT(B,NB8,44 B ,1) - - T IMPO
17 IFC INDENT ) GO TO 7§ IMP O
18 . CALL PRNT(H,NH, N H 1) . IMPO!
19 GO T0 to00 o T IMPO.
20 7S CONTINUE IMPO:
21_____ . CALL LNCNT(3) e — IMPO!
22 PRINT 25§ CToTTTT T IMPO.
23 85 FORMAT(/,® W IS AN IOENTITY MATRIX®,/) IMPO
24 C_ S <4 L ] IMPO!
2s 100 CONTINUE o T IMPO
26 CALL LNCNT(4) IMPO
27 ... PRINT 125 L o IMPO!
28 125 FORMAT(//,* MODEL DYNAMICS®,/) T ImPor
29 CALL PRNT(AM,f 1AM, 44 AM ,1) RMP !
.30 ..  cAaLL PRNr(sm,Nsm.au M ,1) . i IMPOr
31 CALL LNCNTC(4) - IMPA
32 PRINT {59 IMPO(
33 150 FORVAT(//,° WEIGHTING MATRICES',/) IMPO
34 CALL PRNT(Q,NQ,4H @ e 1) IMPOQ"
35 CALL PRNT(R,NR,4H R ,1) IMPOC

.t 36 C IMPO(
37 200 CONTINUE IMPO(
38 N = NACL)#»#2 IMPO"

.39 _ . N1 =N 4+ 1 o e L IMPO"
40 IF( (NOT, IDENT ) GO TO 300 IMPO-
41 CALL SUBT(A,NA,AM,NAM,DUMMY NA) IMPO:
.42.  __ CA&LL SUBT(B,NR,B1,NBM,DUMMY(N1),NB) - IMPO "
43 GO TO 400 - T IMPQ
44 C IMPO’
_§_45__ 300 CONTINUE IMPO¢
46 CALL MULTC(H,MH,A,Na,DUMMY, NH) - I s €1~ 1,13
47 CALL MULTCAM,NAM,H,NN,DIJMMY (N1 ),NH) IMPQ

g . 48 _ CALL SUBT(DUMMY,NH,DUMMY (N1),NH,DUMMY,NK) IMPQ "
i 49 CALL MULTCH,NH,8,NB,OUMMY (N1),NBM) - IMPO-
50 CALL SUBT(DUMMY(N1),N3M,BM,NHM,DUMMY (N1 ) ,NBM) IMPA.
.S1._.C . . T L IMPN
52 400 CONTINUE ) - T 1MPg
53 IFC INP(1) ER, O ) GO TO S00 IMPO"
54 CALL LNCNT(3) IMPO.
55 PRINT 4S50 IMPO
Sé 4S0 FORMAT(//,°® MATRIX HA e« AMH') IMpPO-
57 ___ caLl PRNT(DUMMV,NH,O,B)_ . ) , IMPO!
58 CAlLL LNCMT(3Y) IMPOAY
59 PRIMNT 475 IMPOC
Y} 47§ FORMATC(//,? MATRIX HB « BM’) [P0~
61 CALL PRNT(DUMMY(N1),NBM,0,3) 14Pg-
Iba c A-93 IMPOC
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i

6o _

67
| o
69.
70
71
_12_
73
74

80

— Q1 CALL LNCNT(3) _

82

t 83
' —Ra__

8s

8o

- 87 _

- 500 CNMTINUE

N2 3 N! ¢ N
NY = N2 ¢ N
Ng 3 NY ¢+ N
Call MULT(Q,NQ,DUMMY ,NMH,DUMMY (N2) ,NNK)
CALL MULT(U,NQ,DUMMY (N1),NBM,DUMMY (NT),NBM)
CALL TRANP (DUMMY ,NH,DUMMY (N4) ,NDUMY)
CALL MULT(OUMMY (NUG),NDUMYL,DUMMY (N2) ,NMK,NUUMY  NA)
CALL MULT(DUMMY(NA4),NOUML ,DUMMY (N3] ,NAM,DUMMY(N2),NB)
_CALL TRANP(DUMMY (N1} ,NBM,DUMMY (NQ) ,NDUMY)
CALL SCALE(DUMMY (N2),NB,DUMMY (N]1),NB,2,0)
CALL MUL T (DUMMY (NU) ,NDUML ,DUMMY (N3) ,NRM,DUMMY (N2),NR)
CaALL ADD(DUMMY (N2),MNR,R,NR,DUMMY (N2),NR)
IFC IOP(Y) ,EQR, 0 ) GO TO 600
CALL ULNCNT(3)
— - PRINT S28 _ e e e e . i
525 FORMAT(//,* VATRIX (HA = AMM TRANSPOSE)Q( HA = AMK)*)
CALL PRNT(DUMMY,NA,0,3)

PRINT 550
SSO FORMAT(//,° MATRIX 2( HA « AMH TRANSPOSE)Q( HB = BM)*)
. CALL PRNT(DUMMY(N1),NB,0,3)
CALL LNCNT(3)
PRINT 575
_S7S FORMAT(//,* MATRIX ( HB = Bep TRANSPOSE)Q( HB « BM ) & R*)
CALL PRNT(DUMMY(N2),NR,0,3)

_ 600 CONTINUE

I0PT(1)= O

I0PT(2)= 1§

INPT(3)= 1 ;
NG = M4 ¢ N -
CALL ERUATE(A,NA,DUMMY(N3),NA)Y

B PR S

IvF
[MF
1vE
IMF
puE
IMF
[vP
IMP
IMP
1vp

© [mp

IMP
IMP
IMP
IMP
[MP
IMP
IMP
ImMp
IMP.
IMP.
IMp:

T IMP

Ive.
IMPr
IMPr
IMPr
ImMPr
IMpP
IMP ¢
IMP(C
IMPC
IMPC

caLL PREFIL(DUMMY(NS) NA,B8,NR,DUMMY,NA,DUMMY (N1),NB,DUMMY (N2),NR,DIVPC

LUMY (N4) , NF, TOPT , DUMMY (NS ) )
IFCIOP(1) LEQ, 0 ) GO TO 700
CALL LNCNT(3)

PRINT 625

625 FORMAT(//,* PREFILTER GAIN®)

CALL PRNT (DUMMY(NUG),NF,0,3)

CALL LNCNT(3)

PRINT 650

- 650 FQOQRMAT(//,* MATRIX A « B(PREFILTER)*)

CALL PRNT(DUMMY(N3),NA,0,3)

CALL LNCNT(3)

_PRINT 675 o

67S FQRMAT(//,° MONDIFIED STATE VECTOR WEIGHTING MATRIX®) ~
CALL PRNT(DUMMY,N4,0,3)

700 CONTINUE
CALL EQUATE(DUMMY (NG),NF,DUMMY (N1, NF)

"IF( I0P(2) LEQ, =1000 ) RETURN

[I0PT(1) = IOP(2)

I0OPT(2) = IUP(Y)

JIOPT(3) = 10P(4)

10PT(4) = 0O

IaPr(s) = 9 )

HIDENT = ,TRUE,

19, HINENT,DISC,NEAT,STABLE, FNULL, ALPHA, T0PT,DUMMY (N4))
IFC I0P(1) LEA, 0 ) GN Ty A00 A94

IMP e
I{MPO
IMPC
M
IMPC
IMPA
IMey
IMPO
IMPQ
IMPQ
MR
IMRQ

TTTTIMPY

IMPO
IMPO
IMPO
1P O
IMP0

T IMPO

[MPO
IMPO
GV
IMPQ
IMPo-
IMpPa -
IMPO:

CALL ASMQFG(DUMMYrNS),NA B, MR, H, NH,DUMMY , N4, DUMMY (M2) ,NR,F,MF,P,N IMPn:

IMPO
IMPO !

e i et i

o Al atd K e
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126 __ CALL LNCNT(3) L L A MPo
127 PRINT 725 T IMPO
128 725 FORMAT(//,* GAIN FROM ASMREG®) MPO
129 CALL PRNT(F,NF,0,3) o ) IMPO
130 CALL LMNCNT(3) ST T 7T 1MPO
131 PRINT 750 I“PQ
132 _ 750 FORMAT(//,* SOLUTION OF ASSOCIATED STESDYSTATE RICCATI EQUATION®)IMPO
133 CALL PRNT(P,NP,0,3) IMPO
134 CALL LNCNT(3) IMPO
135 . PRINT 775 o IMPo
136 775 FORMAT(//,° EIGENVALUES OF P*) T T T T T T IMRO
137 NOUML(1)3 NA(1) IMPO
S 138 . NOUMI(2)= o B ) IMPO
139 CALL PRNT(DUMMY(NG),NOUM1,0,3) ’ TIMPO
140 C IMPO
A 141__ B0O_CQNTINVE — . 1uPo
142 CALL ADD(F NF.DUMMY(Nl)oNF F NF) IMPO
143 IFC 10P(1) .EQ, O ) RETURN IMPO
144 ___CALL_LNCNT(4) _ . _ e . IMPO
145 PRINT 825 I £
146 825 FORMAT(//,* GAIN FOR MODEL=FOLLOWING CONTROL LAW, U = = F X , F =2IMPO
A47_____ A(PREFILTER) ¢ (ASMREG)®,/) —_— . IMPO
148 CALL PRNT(F,NF,4H F ,1) o IMPO
149 N6 = N4 « NA(1) IMPO
150.____ _ CALL PRNT(DUMMY(N6),NA, aHA-BF 1) _ o IMPO
151 NOUML (2) = 2 77 IMPO
152 N6 = N6 ¢ N IMPO
1S3 _ . CALL LNCMT(3) __ _ _ S IMPD
154 PRINT BS0 T T T IMPO
1SS  BSO0 FORMAT(//,* EIGENVALUES OF A=BF’) IMPQ
156 CALL PRNT(DUMMY(N6),NOUM1,0,3) i - IMPO
157 ¢ i IMPO
158 RETURN IMPO
_159___  _ END . e i} IMPo
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0 _ SURROUTINE READ1 CA,NA,NZ,NAM) REA
l { IMPLICIT REAL®A (A=H,0e2) REA
2 DIMENSION A(1),NAC2),N2(2) REA
3 IF  (N2(1).ER,0) GO TO 410 _ REA
’ 4 NRENZ (1) T 7 REA
S NCaN2(2) REA:
. b NLST=NRANC N ‘ REA
7 IFC NLST LT, | ,OR, NR LT, 1 ) GO TO 16 " REA
8 PO 400 I = 1, NR REA(
—-=9 __400 READ (S,101) (AC_J), J = I,NLST,NR) B REA"
10 NA(1)=NR - T T REAC
11 NA(2)=NC REAC
.12 410 CcALL PRNT (A.Nﬁ.NAM,1)< _ REA(
13 101 FORMAT(8D10,2) i " REAC
14 RETURN REAC
.15 ____16 CALL_ULNCNT(1) o e . N REAC
16 WRITE (6,916) NAM,NR,NC T T T REAC
C17 916 FORMAT (° ERROR IN REAO1 MATRIX *,A4,° HAS NA=?,216) REAC
D18 __ ____RETURN __ _ _ __ e e REAC
19 END N T T REAC
e -
. A-96




L ol

8aL00/
BALOOC
BALOO!
8AL00:

- BALOO!

BALOO!
RALOO:
8ALOO’
BALOO!
3AL00
RaL oo
8ALOO
BALOO
BALOO
BALOO
BALOO

"BALOO

8ALNO
BALO0
BALOO
8AL00

0____  _SUBROUTIME BALANC(NM,N,A,LOW,IGH,SCALE) e
I i IMPLICIT REAL®8 (AeH,0=7) -
2 INTEGER I,J,X,LoM,N,JJ,NM, IGH,LOwW, IEXC
L NIMENSION A(NM,N),SCALE(N) e e
[a c REAL C,F,G,R,S,B82,RADIX
S C REAL 0A8S
.6 . ._LOGICAL NOCONV _ e e - e e e e
T C
| = ¢ |
9 C__. _savewawsnn RAOIX IS A MACHINE OEPENDENT PARAMETER SPECIFYING
tn C THE BASE OF THE MACHINE FLOATING POINT REPRESENTATION,
11 C
e L
13 RADIX = 16,
14 C
AAS B2 3 RADIX_ = RADIX _ e e = - —_——
16 K = 1
17 L =N
e _GO_TO 100 ___ . e e e e
19 C wanwnaansan IN-LINE PROCEDURE FOR ROW AND
20 C COLUMN EXCHANGE awhnwweraw
2L 20 _SCALEMM). =_J . _ I,
22 1F (J EG, M) GO TO S0 %
23 ¢ .
24 D030 I =1y L Y i e e e e
2s F = A(I,J) '
26 ACL,J) = A(I,M)
et . ACI,M) = F — e e nd e
28 30 CONTINUE
29 C
30 _._..DO 4O I = K, N - e o e e e e
31 F = A(J,1) -
32 A(J,1) 3 A(M, 1)
.33 . A(M,1) = F SR e - , e
34 40 CONTINUE o
35 C
.36 _ S0 GO TO (RO,130), IEXC )
37 C sennanneex SEARCH FOR ROWS ISOLATING AN EIGENVALUE
38 C AND PUSH THEM DOANN #warkdwnsaw
 39_____8Q.IF (L .EQG, 1) GO 1N 280 e — S S
40 L =L =1 *
41 C wakwhbtrer FOR J=L STEP wf UNTIL | DO oo wxdwkkdndn
l_UZ__*IOO Po.t20dd = LU e e
43 J=L +1 «JJ
44 C
lmas___‘_____”_oo 110 1.2 1, L _ L
46 IF (I oEfR, J) GO 10 110 -
ar IF (a¢J,1) ,NE, 0,000) GO TO 120
48 ____110 . CONTINYE o L e
49 C -
S0 Moz L
St _ IEXC = o o e . — -
52 GO TO 20 B
53% 120 CONTINUE
sS4 C
55 60 TO 140
S6 C seknensxen SEARCH FOR COLUMNS ISOLATING AN EIGENVALUE
s7 C AND PUSH THEM LEFT awakwkwind
S8 130 K = K + 1 ; )
‘ S9 C
60 140 NO 170 J = K, L
61 C - )
! 62 00 150 I = K, L A —97
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6y _ — IF ¢1I ,ER, J) GO TO 1S0 ) o - BALON
64 IF (Aa(l,J) NE, 0,000) GO TO 170 ARJLON
65 1s0 CONTINUE BaL OO
66 C ___ ) 4 e L i _ BALQO
67 M3 K - T BALOO
68 IEYC = 2 BALOO
6% _ . . GO T0 20 _ . —_— e 8aL00
70 170 CONTINUE 8ALN0
71 C sunnansaese NOW BALANCE THE SUBMATRIX IN ROWS K TO L swewvnwnwe BALOD
712 __ .. .0Q 380 1 = K, L I N A e e . _._. BALOD
73 180 SCALE(I) = 1,000 8aL00
74 C waarenvves [TERATIVE LOOP FOR NORM REDUCTION weanswsdwwwn . RJLOO
_75___190 NOCONV = ,FALSE, .- . BaLoo0
76 C AaL00
77 DO 270 1I=2K, L
-18___________C=0,000 — .- ) - — BALOO
79 R =z 0,000 } D VY 1 ¥
80 C RALOY
181 00200 J =K, L . - BALOO
82 IF (J .ERQ, I) GO TO 200 TBALODO
-3 83 C =2 C ¢ DABSC(AC(J,1)) BALNO
XS _ Rz R +DABSCACL,JYY o 8ALOO-
35 200 CONTINUE ; 8aCoo
86 C sannewawesd GUARD AGAINST 2ERO C OR R DUE TO UNDERFLOW xewwewensw BALON
87_____ ___1F (c ,EG, 0,000 ,0R, R _,EW, 0,000) GO YO 270 BAL00
88 G = R / RADIX - ' T BALOO
89 F = 1,000 BALOO!
90, __ __ __Ss3C+R e L BALOO"
91 210 iIf (¢ ,GE, G) GO TO 220 TTTTTT T RALG0
92 F = F » RADIX BALOO:
93 ____  ___C=C ~ B2 N L . BAL OO
94 GO TO 210 - " RALO0OC
Ss 220 G = R » RADIX BALOOC
_ 96 230 IF (C LT, G) GO TO 240 _ o N _ 4 BALOOC
97 F e F / RADIX T BALOOC
98 CcC=C v/ B2 BAL OO
99 GO TO 230 BALO!Y
' 00 C tanterewnrr NOW BALANCE #ownbwwarndw o ’ ; BALNY
01 240 IF (¢(C # R) / F ,GE, 0,95 » S8) GO TO 270 BALO1
102 . __ G =1,000/F L o o N BALOY
03 SCALE(I) = SCALE(I) »~ F ) T T T oBALOY
ioa NCGCONV = ,TRUE, BAaLOY
Mos c . L o BALOY
106 00 250 J = K, N RALOI
07 259 ACI,J) = A(l,J) » G BALOY:
Ros c_ o e maLOt
109 DO 260 J = 1, L 7T BAL0!Y
10 260 ACJ,I) = A(J,I) » F BALO1
in_c_ _ ‘ o o RALO1L
112 270 CONTINUE BALOY
{13 C BaALO!
14 _ IF (NOCONV) GO TO 1990 o o o o BALO!
1S C "T7 BALO!
116 280 LOW = K BAL O
17_ IGH = L ) , BALG!Y
18 RETURN ) T BALOY
119 C kokwbarnr LAST CARD OF BALANC waxwhdarrrsk BALO!
END ) BaALO1L.
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,'_o — — SUBROUTINE ELMMES(NM,N,LOW,IGH,A,INT) ELMO00
] IMPLICIT REAL*8 (AeN,0e2) ELMNOO
2 INTEGER I,JoM,N,LA,NM,IGH,XP1,LOWN, MM MpPy ELMO00

g Y. —__ OIMENSION A(NM,N) = = e ELMOON
'a ¢ REAL X,¥ T T T T TUELMO000
SC REAL DABS ELMO00
& INTEGER INT(IGH) e N . __ELMO00
l? c ELM00O
8 LA 3 IGH « 1 ELMOO0O
~8 _____. KPyA_ 3 LOW s L o ELMOOY
.0 IF (LA LT, XKP{) GO TO 200 TTTELMOOY
1 C ELMOO]
1e___ . DO_j80 ™ = KPY, LA = _ _ _ELM001Y
\3 MM{ 8 M e ELMOOY
) X = 0,000 ELMQO
g Ta™_ e e EWMOO
16 C ELMOO0
L7 DO 100 J = M, IGH ELMOO!
s IF (DABS(CA(CJ,MM1)) (LE, DABS(X)) GO TO 100 ___ELMOO1
19 X 3 A(J,MM}) TTTTELMOO02
20 1 =J ELMO0?2

“J2L 100 __ _ CONTINUE - - e e e ELMOO02
22 C TTELMOO?
23 INT(M) = I ELMOO0Z
124 __IF (I ,EQ, M) GO TO_130_ ™ 5 ' o ~ ELMOO2
28 C sxavnnrsrnw INTERCHANGE ROWS AMD COLUMNS OF A wantsarwes ELMOO0Z
26 D0 110 J = MMy, N ELMO002
27T . _ _yYe aCL,9. e o ELMOO?
28 A(I,Jd) = A(M, D) - TTTELMO02
29 A(M,J) = Y ELMOOR
30._ 110 _ CONTIMUE o o ELMO0?
31 C - ELMOO2
LY 00 120 J 3 {, IGH ELMO0?
L33 . __Y= AW e R . L _ ELmoo?
34 A(J,1I) 3 AQJ,M) T ELMOOT
35 A(JoyM) = Y ELMONT
36 120 _ CONTINUE ELMOO?
37 C whanwwnrtnh END INTERCHANGE *wxawnddkan ELMQO?
318 130 IF (x ,EQ, 0,000) GO TO 180 ELMO0:
.39 MP{ = Mey o } e ELMOO"
40 C T TTTELMOO:
ltn N0 160 I = MP1, 1GH ELMOOL
42 . ___ Y = A(I,MMy) o ELMOOL
a3 IF (Y ,EQ, 0,000) GO TO 160 ELMOQ:
sa Y=Y/ X ELMOOL
_j4as - L A(I,MM1) = ¥V e L ELMOOC
46 C T T T T TELMOO:
47 DO 140 J = M, N ELMOO!
48 140 ACT,J) = ACI,J) = Y * A(M,J) ELMOO.
‘49 C © ELMOOC
50 00 150 J = 1, IGH ELMOO0C
St 150 A(J,M) = A(J,M) ¢ Y » A(J, 1) ELMOOQ®
52 C ELMOOC
53 160 CONTINUE ’ ELMOO’
54 C ELMOON:
SS 180 CONTINUE ELMOO:
S6 C ELMOO
57 200 RETURN ELMOO"
‘58 o kawkaeakdesr LAST CARD OF ELMHES arekhkawran ELMONT
59 END ELMOD,

A-99

.
i

i AUNRE anem ) S S i A s 2rmate




T TR o e —

.0 SUBROUTINE HAR(NM,N,LOW,IGH,H,#R,W],IFRR) HQRO
1 IMPLICIT REAL*A (Ae=H,0e2) A T 7T MQROO
2 REAL®8 NORM, MACHEP MQRO
3 . —._. INTEGER 1,JsK,L)M)N,EN,LL,MM,NA,NM, IGH,TTS,LOW,MP2,ENM2, IERR uonol
4 OIMENSION h(NM N),wR(N) WI(N) T TTTTTHQRO
S C REAL P,0,R,S,T,W,X,Y,22,NORM,MACHEP HQRO
. h_.__ REAL*A osonr.oaes.osxsn L . B o Honoi
TC INTEGER MINO ’ T T MERY
] LOGICAL NOTLAS HGQROO
- e e e e et e e HQRO
10 C T TTHORO
11 C sonmeennne MACHEP 1S A MACHINE DEPENDEMT PARAMETER SPECIFYING HGROO
~12.C _. .. __ _THE RELATIVE PRECISION OF FLOATING POINT ARITHMETIC, HGRO2
13°¢c nono’
14 C HARO
1S . MACHEP.3 16,%#(=13)._ e e e e e - HQROO
16 C HARO
17 1ERR & 0 HQRQ
18 NOR% 3 0,000 __ . e = — MQRON
19 K = 1 HGRO
20 C sanwnseews STORE ROOTS ISOLATED 8Y BALANC HARO
-3 W AND COMPYUTE MATRIX NORM wwwamwwwws L HOROO
22 DO SO I =1, N TTTTTTTTTHRR GG
23 C ~ HGRO
24 00 40 J = K, N o ) L HGROJ.
2% 40 NORM = NORM ¢ DABS(H(I,J)) T T T HGROO!
24 C HGRO
27 . _x=1 s _ o HORO
28 IF ¢(1 ,GE, LOW ,AND, I L,LE, IGH) GO TO SO T TR0,
29 WR(I) = H(I, D) HQROAQ"
.30 wICI) = 0,000, S - o MAR0 |
31 S0 CONTINUE ' HMOROU.
32 C HGROO"
33 __ . _ EN = IGH L HARO
34 T = 0,900 o R To 111
IS C wuwrownrkwr SEARCH FOR NEXT EIGENVALUES #owuwwnwnwwn HARQO
36 . 60 IF (EN LY, LOW) GN TO 1001 _ HARO §
37 178 = 0 o ST ~ HQRO
38 NA = EN » HQROQ"
39 ___ _ ENM2 = NA e { HARODND:
40 C exwxnsnene LOOK FOR SINGLE SMALL SUB=DIAGONAL ELEMENT’ '"'“"“"““‘anoj
41 C FOR LSEM STEP «i UNTIL LOW DO we shxwnwwtdwn HARN S
.42 70 DO B0 LL = LOW, EN S N o ) MORO0O:
43 L = EN ¢ LOW = LL o S HARO
44 IF L LEQ, LOW) GO TO 100 HGRO A
4s__ . __ 8 = DABS(H(L-l,L-l)l + DABS(H(L,L)) MORQO:
46 1IF (S ,EAQ, 0,0D0) S = NORM™ LT T T T T T T T TTHQRY
47 1F (DABS(H(LoL-l)) JLE., MACHEP % S8) GO TO 100 HARO S
48 80 CONTINUE HQRO( L
49 C whwkwkverr FORM SHIFT awdtswewnn HOROQ G
SO 100 X = H(EN,EM) HRQ 0
51 IF (L .FQ, EN} GO 7O 270 HORO®:
Se2 Y = H(NA,NA) ST ST I - T "”HOROOF
53 W o= H(EM,MA) x H(NA,EN) _ HORO &
S4 IF (L ,EN, NA)Y GO VO 280 4 HAY0
S5 IF (1TSS ,EQ, 30) GO TO 1000 anoo=
Sé IF (ITS ,NE, 10 ,AND, ITS ,NE, 20) GO TO 130 HARQ NS
57 ¢C Kawkuoweayr FORM EXCEPTIONAL SHIFT wewwwsnwrn Hngnﬁ
SR T =T ¢+ X T T o T OTTHRRYS:
59 C HAOROO+
60 DO 120 I = LOW, EN . HARO
61 120 H(T,I) = H(I,1) = X ' T HQRO®
62 C A-100 HAR 0N

N




-

63 8 = DABS(N(EM,NA)) + DARS(H(NA,ENM2})
64 X = 0,75 » §

hS Y = X

86 W S «0,437% « § « §

67 130 ITS = T8 + |

THRRNN

HQGO'
HQRQH
HORO‘
HQRO
HARO
HQRQOQ
HORO
HGRO
HARGO
HGQRO
HQRQO
HRROO
HQRQO
HQROD
HGRO
HEROO
HQRO
HQRO
HARON
HQR Q3
HGQRO
HQRO
HQR O
HQRO
HQRO.

HARO
MQRO |-
HQAROO
HQROT
HORO
HAROJ
HQROO¢
HARO
HORO
HQRQN«
HQRO"

HQRO
HARO
HRQQ
]
HORN
HQRO1’
HORO

HARO
HQR 01

"QAROL’

HQRO B!
HGROY

QAROE
MOQRQ ™
HAROY ¢
HWAROg:"
HORNE
HARO1 ¢
HQRNY .
HarRoK:

"THORNT;

69 C reenesvnee LOOK FQR TWO CONSECUTIVE SMALL
69 C e - SuUB=01AGONAL ELEMENTS, B
70 C FOR VIENe2 STEP el UNTIL L DO == avesandwayn
T DO 140 MM = {, ENMP
12 . M3 ENM2 e L e MmO e - - — e e
73 12 8 H(M,M)
74 R s X e 22
A N — 32y - 22 .. . . - -
76 P a (R » 3 « W)Y / H(M¢i ,M) & H(M,Ms1)
17 Q = H(Mel ,M¢]) @ 27 @« R = §
TR H(MeRMeNY
79 S = DABS(P) + DAB3S(Q) ¢+ DABS(R) i T
80 PapP /S
. G B R . - —— e —_—
82 R =R /7 S8
a3 IF (M ,EQG, L) GO TO 1S¢
..-84 —..1E. (DABS(H(™,M=1)) = (DABS(Q) + DABS(R)) ,LE, MACHEP_ # DARS(P)
8s X * (DABS(H(Mei,M=al)) ¢ DARS(ZZ) + DABS(H(M+1,M+1)))) GO TO 150
86 140 CONTINUE ™
-87.¢C.. . _ . e . —
Ra 1SN MP2 8 M ¢ 2
89 C
.80 __ ... DO 160 I = MP2, EN e e .
91 H(I,le2) = 0,0D0 -
92 IF (1 ,ER, MP2) GO TO 160
93 _. H(Tl,1=3) = 0,000 -
94 160 COMTINUE
98 C rennssreswr DOURBLE QR STEP INVOLVING ROWS L TO EN AND
96 C_ COLUMNS M TO EN memtvewnuw
97 NO 260 K = M, NA o - T
9A NOTLAS = K NE, NA
99 IF (K ,EQ, M) GO TO 179 )
100 P = H(K,Kel) ST
101 B = H(K+1,K=1)
0. .. __R=20,000 _ e e - oo
103 IF (NOTLAS) R = H(K+2,Kml) T
10¢ X = DABS(P) + DARS(Q) + DABS(R)
10 ___ . _IF (X L,EQ, 0,0D00) GO TO 260 } ] —
{06 P =P 7 X
107 Q=0 7 X
108 ____  __R=R /X R . e
109 170 S = DSIGN(NSART(P*P+Q*Q+RaR),P) T T
{10 IF (x ,EQ, M) GO TO 180
111 . . H(K,Ke]) = «§ « X -
112 G0 TO 190
113 180 IF (L NE, M) H(K,Kel) = =H(X,K=l)
14 _ 199 P =z P -+ 8 — .
115 X =P /S ‘
{16 Y=07S8
17 - 22 =R / S
118 Q=0 /P
119 R =R /P
120 C. . sxwwwarern ROW MODIFICATION wwswswnwwne
1el DO 210 J = K, EN
122 P = H(K,J) ¢+ N « H(K+1{,J)
123 IF (J,MOT, NQTI AS) GO TO 200
124 P 2 P ¢+« R *» H(Ke+2,J)
125 H(K+2,J) = H(K+2,J) = P » 27 A-101

HORO1 -
HORNE -
HAROR -
HRROY;

[
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126 200 H(Kel,J) & H(Ke1,J) =P o Y “““‘
127 H(K,J) 8 H(K,J) o P » X HAR!
128 210 CONTIMUE MQRO
189¢ - e e “QRI
130 J = MINOCEN,K+3) TTHGR
13t C senenrsnes COLUMN MONDIFICATION savwsnnnewn HQROQ
132 . _ 00230 1 s L, J_ . __ o _ i __ MGR
133 P 3 X o H(I,K) ¢ Y & H(I,ke1) N non!
134 IF (.,MOT, NOTLAS) GO TO 220 HQRO
136 .. P ®P ¢ 27 e M(lyx#2)_ o : MORQ
136 H(I,K62) 3 H(1,K$2) = P » R T "_"“0“’
137 220 H(l,K¢1) 3 H(I,K¢l) =« P » Q HQR
138__ . .. _ H(I,K) % K(I,k) «P —_— HQRO "
139 239 CONTINYE T HGR
140 C HOR
141___ 260 CONTINUE ___ _— - . - HQRO:
142 C HAR
143 GO TO 70 Hum]
140 C______sseenevene ONE_ROQT_FOUNQ sevwnewene HAR(
14§ 270 WR(EN) = X ¢ T HARO !
146 WICEN) = 0.000 unn:‘
_147 __ _EN.S NA__ _ e e o MORC
148 GO TO 60 T HRRO!
149 ¢ whwnwnaennd THNO ROQTS FOUND wwwmrvenes HORC
150___280 P ® (Y = X) / 2,000 - w™ . _ o HAR(
161 G P «#P ¢ W T " HQRO1
152 22 s DSORT(DABS(Q)) HQR O
153 X = X ¢ T _ . e : . "‘Q‘"i
154 IF (@ ,LT, 0,000) GO TO 320 ) THQRGY
18y C anvdkvavess REAL PAIR wadwwwrawe AGRO] !
156 . 27 = P + DSIGNC(ZZ,P) e . LI
157 WR(CNAY = X ¢ 22 - = ~ MQRC
158 WR(EN) 3 WR(NA) HARO!
159 . IF (ZZ2 ,NE, 0,000) WR(EN) = X e W / 27 - HQRC
160 WI(NA) = 0,000 - - 'HGRO‘
161 WI(EN) = 0,000 GARO
162 GN TO 330 o HOROY
163 C twknwtewrs COMPLEX PAIR wannwwdnew HQARO
164 320 WR(NA) = X + P MQRC
165 WR(EN) = X + P o L HORNO1
166 WI(NA) = 22 T T TTTRRRN
167 WICEN) = =22 HORO
168 _ 330 EN = ENM2 L HWARN1
169 GO TO 60 o T - HARO
170 C *anunwowenr SET ERROR oo NO CONVERGENCE TO AN HQRO'
Anc — .. EIGENVALUE AFTER 30 ITERATIONS wawwawwnssr HARO
172 1000 IERR = EN T TTHGRoO
173 1001 RETURN HARO
174 C_ wenwkeenerr LAST CARD OF _HQR waownarnnsn i 3 HQRO
175 END HORO1
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INVO

T OINVOr

INvVOr
RNV O

TTINVO

INVOCG
INVO
RNVO
INVOO

INVO
INVOO

TTTTTINVO

INVO
RNVOO

TINVO

INVO
INVOO
TTINVO
!NVOi
RNVO
INVOO

INVO
INVO

TTINVOO

INVO
INVOD
INVO
INVO
!NVOi
INVO

INVOO
INVO

TINVO

INVOO
INVO
two|
INVO.
INVOO
"INV
INVO
INVAD
INVO 4
xwoﬂl
INVO

TTIMVOQ.
mo”’

INVOS

TTTINVOoO!

INVO
RRNVO

T TINVOOS

INVOQ
ol

" INVOG

INVOQ®
INVO
INVE
INVOO:
INVO
1MV

.. 0 SUBROUTINE INVIT(NM,N,A,WR,wl,SELECT, MM, ", Z,IERR,RM| ,RVI,RV2)
1 IMPLICIT REAL R (AewH,0e2)
2 AEAL*8 NORM,NORMV, ILAMBD,MACHEP
.3 o INTEGER I,J,%,L,M,N,S,1I,1P, MM, MP ,NM,NS,N1,UK,IP{,ITS, KM ,IERR
4 DIMENSION A(NM,N), WR(N), N1 CN), Z(NM,MM) ,RML (N,N),RVI(N),RV2(N)
s C REAL T,W,X,Y,EPS3,NORM,NORMY, GROWTO ILAMBD ,“ACHEP,RLAMBO,UXROOT
& ____  _ _REAL#A osaav.conas,onas,orLoqr‘m o
7 INTEGER 1ABS ST
8 LOGICALw»1 SELECT(N)

9 __COMPLEX#16 Z3,0CMPLX e INVO
10 REAL*8 OREAL,0IMAG - "“”""'”'"INVO‘
11 C

12 _MACHEP = _16,e¢(=13) e et — -

13 C

14 1ERR = 0

) &1 Uux_s 0 _ . . __
te S = )
17 C aanannwnne [P 3 0, REAL EIGENVALUE

18 ¢C _ 3y _FIRST OF CONJUGATE COMPLEX PAIR
19 € T et, SECOND OF CONJUGATE COMPLEX PAIR awwwandwen
20 1P 20

Y NY B N e e e e e
ee C T T
23 DO 980 X = 1, N

.24 ___IF (WI(X) ,ER, 0,000 ,OR, PP ,LT, 0) GO TO 100 )

25 P = 1 T
26 IF (SELECT(X) ,AND, SELECT(X+1)) SELECT(«+1) = ,FALSE,

27 _ 100 _ IF (.NOT, SELECT(K)) GO TO 960
28 IF (WI(X)  NE, 0,000) § =2 8 & 1| T
29 IF (S ,GT, MM) GO TO 1000

30 __1F (UK ,GE, K) GO TO 200
31 C saseswsenn CHECK FOR POSSIBLE SPLITTING ewestwawew
32 00 120 UK 3 K, N

_ 33 __ 1F (UK LEQ, N) GO TO 140 o s
34 IF (A(UKe1, U ) .EQ, 0,0D0) GO TO 140 T
35 120 CONTINUE

_ 36 C sexnsraens COMPUTE INFINITY NORM OF LEADING UK BY UK
37 C (HESSENRERG) MATRIX #dtadwtwwaiw
38 140 NORM = 0,000

39 __ MR Y . _

40 ¢ T, T4/ T mmmTm
u DO 180 I = 1, UK

42 % = 0,000 o
43 C o o
44 00 160 J = MP, UK

.45 160 —..X_3 X + DABS(A(I,J))
ue C T T T
47 IF (X ,GT, NORY) NORM 3 X
u8 . MP = 1 ~
49 180 CONTINUE i
S0 C sawvnerrns EPSY REPLACES ZERO PIVOTYT IN DECOMPOSITION

51 € . ~ AND CLOSE ROOTS ARE MODIFIED BY EPS3wawswwewwew
52 IF (NORM _EQ, 0,000) NORM = 1,000 -
53 EPSY = MACHEP # NORM

54 C wanewspaww GROWTN IS THE CRITERION FOR THE GROWTH wewsewewws
55 UKROOT = DSART(NFLOAT(UK)) -

56 GROWTO = {,00=1 / UKROOT

57 200 ~ RLAMBD = wR(K)

o TLAMAD = W0 - ; -
59 IF (k ,EQ, 1) GO TQ 280

60 KM| 2 K = {

61 GO TO 240

62 C wennrewnre PEPTURB EIGENVALUE IF IT IS CLOSE

A=107%

INVOOe




63 C - TO ANY PREVIONS EIGENVALUE seesecanne RRNV G |

64 220 RLAMBD 3 RLAMSD + EPS3 o INVO g
eSS C saneosenese FOR JaKe] STEP o UNTIL | 00 == aenwownneyn INY
.66 240 00 260 II = t, KMt o o l~v3
67 1 s % « I i T T TTTTINY
68 IF C(SELECT(!) .AND, DABS(WR(I)eRLAMBO) ,LT, EPS3 ,AND, INVQ/
Y S 0DABS(WI(I)=ILAMMD) ,LT, EPS3) GO TO 220 !Nva
70 260 "CONTINUE ' - INV
71 C INVOC
1o ... _WR(X) m RLAMBD __ . - IN
13 C seswervenn PERTURS CONJUGATE EIGENVALUE TO MATCH wessesenaw’ INY
T4 IP{ 3 K ¢ [P INVO!
LIS . WR(IP1) = RLAMBD _ INV
7¢ C sonwnwaseenr FORM UPPER HESSENBERG A~RLAMBD*I (TRANSPOSED) =~ n~v§‘
717 C ANDO INITIAL REAL VECTOR rwnnsnsween INVOT
—18____280. Mp 3 | . INVOC
79 C 1INV
80 00 320 I s ¢, UK INY
8L C e e N L e ____RNVOC
82 00 300 J 3 MP, UK InNve
83 300 RMI(J,I) = A(CI,J) xwvo‘
_R4_C. 7 o e INVO
8s RM1CI,1) ® RMI(I,1) = ALAMBD INVD
86 Mp 3 I INVOC
-8 . RVI(I) B EPS3__ T ___RNvoO
88 320 CONTINUE INVOO
89 C INYVO
9. __ ____ __1TS s o0 . . _. e INVOE
31 IF (ILAMBO ,NE. 0,000) GO TO 520 INVOO
92 C saewaevrne REAL EIGENVALUE. INVOQ
. 93.C_ . .. . — TRIANGULAR DECOMPOSITION WITH INTERCHANGES, ) _INVO!
94 C REPLACING 2ERO PIVOTS BY EPS3 wwwwwnaman ' INVO g
95 IF (UK LEQ, 1) GO TO 420 INVOO g
.96 C e e e - e . INnvo '
97 DO 4on I = 2, UK INVO
98 MP 2 ] = | INVOD :
—99 _ e IF (DABS(RM{(MP,I)) ,LE, DABS(RM{(MP,MP))) GO TO 360 _ INvO ;
100 C INVO ;
101 DO 340 J = MP, UK IMVOL 5
102 ... Y.= RM{(J,T)_ e NV |
© 103 RM1(J, 1) = RMI (T, MP) mvo! |
104 RM1 (J,MP) = ¥ INVO
A0S_. 340_____ CONTINUE ___ _ o INvO
106 C INVO
107 3460 IF (RM{(MP,MP) ,EQ, 0,000) RM{(MP,MP) = EPS3 INVO
108 X = RMI(MP,I) / RMI(MP.MP) e INVOY-
109 IF (x ,EQ, 0,000) GO TO 400 TTTINVO
110 C xwvo.
AN NO 380 J = I, uk o I INVOL
112 3130 RMI(J,1) = RM1(J,I) = X & RM1(J,MP) 7T INVO
113 C vaoh
114 _400_  CONTINUE . - o o . INvo®
115 € InNVOL
116 420 IF (RM1(UK,UK) LER, N,ND0) RMI(UK,UK) = EPS3 INVO
117 C wakwnaswwer BACK SURSTITUTION FOR REAL VECTOR INVO B
118 C FOR I=UK STEP 1 UNTIL | DO o= swwwtwwwsw " RNVOY! .
119 440 00 S00 II =1, UK INVO Y, |
120 . _. . l=uk ¢+t et L o __ INvo ;
121 Y = RVI(I) OB ~ INvo e :
122 IF (1 ,EQG, UX) GO TO 480 o nINAL PAGe 1o INVO1: |
123 IPL =1 41 . ¥ POOR iy 18 . INVO
124 C A-104 ALITY Invo i
125 N0 460 J = IP{, UK INVOY?




STORE IMAG!

126 _ 4e0 Y 8 Y « RMI(J,1) » RVI(J)

127 €

128 uso RVI(I) s ¥ /7 RMI(LI, 1)

12™__._%00 _CONTINUE e e
130 €

131 GO TO 740

132 C sanneneves COMPLEXY EIGENVALUE,

133 C TRIANGULAR DECOMPNSITION WITH INTERCHANGES,
134 C REPLACING ZERO PIVOTS BY EPSS,
138.C _ . .. ..

136 520 NS s N o 8§

137 2¢1,3«1) = «I_LAMBD

138 __2(1,8) = 0,N00

139 IF (N ,EQG, 2) GO TO S%0

140 RM1(1,3) s «ILAMAD

d6 _ _U(1,8=1) 3 0,000

142 IF (N JEQ, 3) GO T0 §S0

{e3 C
..144 0O S40 I = 4, N __ . o
1498 S40 RMI(L,1) s 0O, 000

146 C

147 ___ S50 00 640 I 3 2, UK___ . B
148 MP 3 ] e

149 W 8 RM{(MP, 1)
_150 C1F (1 LT, N) T 3 RMI(MP, Tet) S
151 IF (1 EQ, N) T 3 2(MP,S=1)

152 X 8 RM{(MP,MP) » RMI(MP,MP) ¢+ T » T

AS3 . _____ _IF (w » w ,LE, X) GO TO S80

154 X 3 RM{(MP,MP) 7/ W

1SS Y =T /W

156 RM{ (MP,MP) = w v .
157 IF (I LT, N) RM{(MP,I+1) = 0,000 '

158 IF (I .,EQ, N) Z(MP,S=1) 3 0,000

159 C___ e . . e e ——

160 NO S60 J =3 I, UK T T T
1ol w s RMI(J,I)

162 _ _. _RM{(J,1) 3 RMI(J,MP) = x "W

163 RM1(J,MP) = & )

164 IF ¢(J LT, N1I) GO TO S8%
165 _ N .. L JenNns

166 2C(I,L) = Z(UP,L) = ¥ 2 W - T
167 Z2(MP,L) = 0,000

168 GO TO S60

169 555 RMI(I,J42) 3 RMI(MP,Je2) » Y o« W

170 RMI(MP,J¢2) 3 0,000

171560 . CONTINUE

172 C - Tttt T
173 RMS(I,I) = RMI({I,I) = Y » ILAMBD

174 IF (I .LT, N1) GO TO 570

175 L =1 « NS o

176 Z(MP,L) = «ILAMBD

177 Z(I,L) = Z(I,L) + X = ILAMBD

178 GO TO K40 o

179 570 RM{ (MP,T1¢2) = =L AMBD

1R0 RMY{(I,142) = RMI(I,142) + X « ILAMBD

181 GO TO 640 ’ ' ’

182 580 IF (X  NE, 0,0D00) GN TO 660

183 . RM{ (MP,uP) = EPS3

184 IF (I LT, NY AM{(MP,I+1) = 0,0D0 B
188 IF (I ,EQ, N) 2(MP,S=1) = 0,000

186 = 0,000

187 Y = EPSY ~ EPS3

188 600 W= N/ X A-105

NARY

PARTS_ IN UPPER_TRIANGLE STARTING AT (1,3) #wwssennwe

o - = e——

INVAY
M:!
TTINY

INVJ

INVO!

INVO!
INYV
RNV
INVO!

TNV (g
’nNV(l

INVO!
INVALY

T INVC

INV(Y
INVO]

TTTINVC

S 11
!NVC‘

TTINVO
TTTINVOL
TTTTINVOY
T INVO!

. m——— —

T OINVO

INV(
INVOL

INVO

INVO
INVEe

INVO
INVO

INVO
INVO

INVOY
INVO
INV)
INVOL
INVO

INVO
INVO
INVO
INVO
INVO Y
INVO

Invo
INVO!
vao!

INVY
INVO
INVOL-
INVA
INVOE:

OINVAYL

RNVO‘”‘
INVO
TINVOY:
INVOY S
INVD
INVO?
INVOL-
INVO

TNV ON:
INVOYL:

P




:

~ A~

189 . _ _ X 3 RM{(MP,MP) W . tNVOi
190 Y 2 T & W INVOL
191 € INVOLS
192 ____  __ _ 00 620 J = I, uUx o _ xnvoi
193 IF ¢J LT, N1) GO TO 610 T INVO
194 L =2J = NS INVOL©
196 T = Z(MP, L) o ) o 3 INVO
196 2CI,L) 2 =X # T =« Y » RM{(J,MP) N - TINVO
197 GO TO 615 INVOtc©
199 ___ 810 _ _. T = RM{(MP,J+2) o INVO
199 RM1(1,J42) 3 X * T @ ¥ % RMI(J,MP) T T xmvoii
200 615 RM1(J,1) = RMi(J)I) = X & RMI(J,MP) ¢ ¥ = T INVOS
201_ _620 _ _ . _ CONTINUE = __ ) o o INVO2S
202 C ’ T T T INVO:
203 IF ¢(I LT, N1) GO TO 630 INVO
204 Ls X = NS INVO2(
205 Z2(I,L) = 2¢l,L) = ILAMBO INVO Y
206 GO TO 640 twvo;
J207___639___ . _ RMy(I,1+2) = RMI(I,1+2) e ILAMBD_ o INVo2T
208 640 CONTINUE INVORS
209 ¢ INVO;
210 IF. (UK LT, _Nt)_GO_ TO_650_ I , R INVOL
211 L 2 UK « NS INVH2
212 T = Z(UK,L) INV01
213 ____ . GO TO 6S% O 1) 4
214 650 T = RMI(UK,UK+2) INVO2!
215 655 IF (RM{(UK,UK) ,ER, 0,000 ,AND, T EG, 0,000) RMI(UK,UK) = EPSIINVOY
216.C_____wewwwenwwn BACK sussrrrurzou FOR COMPLEX VECTOR ) 1Nvoj
217 C FOR I3UK STEP wi UNTIL | DO == #asxnsssswxr " INVOY;
218 560 DO 720 Il = 1, UK INVO2!
219 _ .. T 2UK ¢+ 1 = 11 . o i INV01
220 X = RVIC(I) T UINvVo R
221 Y = 0,000 RNVO2:
222 ____. .. IF (1 ,EQ, UK) GQ TO 700 S INVOY
223 IPL = 1 + 1 ‘mvo;"
224 C INVO2:e
225 _ DN 680 J = IP1, UK o _ L INVO?S
226 IF (J LT, N1) GO TO 6790 ‘INvo;[
227 L =2 J « NS INVO
228 _ . _ = 2Cr.0). L o INVO02:
229 GO TO 67S '“""“”xNvml
230 670 T = RM{(1,J+2) INVOR
231615 .. _. X = X_= RM1(J,I)_* RVI(J) f.],,g_nvau) o INV02?
232 Y 3 Y e RM1(J,I) * RV2(J) T *» RVILI) T ORNVORE
233 680 CONTIMUE Iwo;
238 L e L INVOZ
23S 700 IF (I LT, N1) GO TO 710 TTTINVO2?
236 L =1 « NS wvo;i'
237 . T = 2C1I,L) L _ o INVO X
238 GO TO 71§ TUINVA2?
219 710 T = RMI(CI,I+2) INVOgE.
240 _ 715 23 = DCMPLX(X,Y) / DCMPLX(R“1(1,I),T) INVOR.
241 RVICI) = DREAL(23) o T INVO02¢
242 RV2(1) = DIMAG(Z3) INVOZ:
.243 729 CONTINUE tmvo;.
264 C wevnnknink ACCEPTANCE TEST FOR REAL OR COMPLEX TINVOLSL
24s C EIGENVECTOR AN NORMALIZATION #wéxkhkkaiw INVA2L
246 740 ITS = ITS + 1 o o , o INVO
247 NORM = 0,000 T INVOR.
2UR NORMY = 0,000 INVQRL
249 C . INVOG™
250 DO 780 I = {, UK INVQ!;
251 IF (ILAMBD ,EQ, 0,0D0) X = DABS(RVI(I)) INVAZS




IF C(ILAMBD ,ME, 0,000) X = COABS(DCMPLX(RVI(I),RV2(1))) INVO)

ese __ __ .
233 IF (NORMV ,GE, X) GO TO 760 INVO?2
254 MORMY 3 X INVOS
ass _ ... .. __ J=z1 e e e e i XNV°[
256 760 MORM = NOWM & X TTTTINVO
257 780 CONTIMNUE INVO2
2sa . C__ .. __ e . , e e INvVO
259 IF (NORM LT, GROWTO) GO TO 840 INVO
260 C sevdannrew ACCEPT VECTOR wewwnwwnwn INVOZ
26 X z RVICJ) L e e _INVOG
262 IF (ILAMBD .ER, 0,000) X = 1,000 7 X xnvo!
263 IF (ILAMBD . NE, 0,000) Y 3 nva(J) RNVO
264 C__ . __ e B - SMVo ,
265 00 820 I = {1, UK T /oi -
266 IF C(ILAMBD ,NE, 0,000) GO TO 800 1770 '
267 e 20T ,S) = RVI(I) * X L e T .NO02
268 GO TO 820 T TTINVO
269 800 Z3 3 DCMPLX(RVI(I),RV2(I)) 7 DCMRLX(X,Y) INVO
_210 Z(1,8=1) = DREAL(Z3) . e L RNVOe
271t Z(IpS) 3 DIMAG(CZ3) INVO
272 820 CONTINUE . INvol
Bl e e INVO
274 IF (UK LEG, N) GN TO 940 TTTINVODR2
275 J = UK ¢+ 1 INVO
_216 - GO TO 900 o e INVY
277 € wwanwnrnes INoLINE PROCEDURE FOR CHOOSING “INVOR
278 C A NEW STARTING VECTOR #axswewriww INVOS
279 __840  _ IF (ITS ,GE., UK) GO_TO 880 _ _ . e INVO
280 X = UKROOT TTTTUTTTTUINYOL
281 Y = EPS3 / (X ¢ 1,000) RNVO2:
282 _ RV1I(1) = EPS3 o ) - ) INVO
283 C - ’ INVO
284 DO 860 I = 2, UK INVO2S
@85 ___860 _ RVY(I =Y INVO’
286 C ST T . 1D
287 J 2 UK « ITS + 1 INVO?2:
288 _ RV J) = RVI(J) = EPSY # X ] o INVO2:
289 IF (ILAMBD ,EQ, 0,000) GO TO 4o o ~INVO
290 GO TO 660 INVOZ-
291 €  wwwwan’wwx SET ERROR_=e UNACCEPTED EIGENVECTOR #axttwwwns INVO2:
292 880 J =1 T TTTTTOUTTTTTINY O
293 JERR = K INVO
294 €~ wawwwawxes SET REMAINING VECTOR COMPONENTS TO ZERD #wwwwiwwnw INVO2¢<
295 900 00 920 I = J, N TOTINVOY
296 2(1,8) = 0,000 INVO}‘
297 1fF chnmao eME, 0,000) Z(I,S=1) = 0,000 INVQ 2
298 20 CONTINUE o -/ ey e INVO2¢
299 C ) INVOi
300 _ 940 8§ =28 +1 _ ORIGiN. INVO
301 960 IF (IP LEN, (=1)) IP 3 0 o or ponfr,‘\pr‘rf o TOINVO3C
302 IF (IP LEQ, 1) IP 3 i bl INVO
303 _ 980 CONTINUE o INVO
304 C C T TTTUINVOY
305 GO TO 1001 INVOR
306 C_ wkwkxswwww SET ERROP <o UNDERESTIMATE OF EIGENVECTOR 1~vol~
o7 C SPACE REQGUIRED mkwawnwnnx TUINVOST
308 1000 IF (IERR _NE, 0) IERR = IERR « N INVO3S
309 1F (IFRR ER, 0) [ERR = =(2 » N + 1) INVO
310 1001 M = S « { = TABS(IP) - - T INVO R
311 RETURN IMVO3:
312 C kankerrbes LAST CARD OF [NVIT wuxwamwwrx ) INVO
313 END A-107 ' rwvo]
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T T

ELMOOl
ELMOOC
ELMOO
ELMOO‘

" TELMOO
ELMY00
ELMOO
"ELMOO
ELMOO0O

ELMO
"‘ELMOg!
ELMOO
ELMOO
ELMoo.
ELMOO
© ELMOO!

. 0. SUBROUTINE ELMBAK(NM,LOW, IGH,A, INT,M,2)
1 IMPLICIT REAL®A (AeK,0e2)
2 INTEGER I1,JoM,LA,MM,MP ,NM, IGH,KP1,LOW,MPY
3 _.____ DOIMENSION A(NM,IGH),Z(NM,M) ———
4 C REAL X e T
S INTEGER INT(IGM)
I I
b e S S ) .
8 IF (™ ,EQR, 0) GO TO 200
-9 . LA=IGHet
10 KP{ = LOW + 1§ ‘ -
11 IF (LA LT, XP{) GO TO 200
12 C_ _ wwswsawisw FOR MPIIGHe1 STEP «1 UNTIL LOW+1 DO == wtwswwwnww
13 DN 140 MM =2 KPL, LA T o
14 MP 2 LOW ¢ IGH o MM
1S MPL B MP_ ¢\
16 C Tt
17 DO 110 I = MPl, IGH
-18 —_— X 3 A(IMPeYy L
19 IF (X L,EG, 0,0) GO TO 110 )
20 C
2\ .. ... bOto0 =31, ™M™
22 140 201,J) 3 2(I1,J) + X » Z(MP,J) T T
23 C -
_24____110___ _CONTINUE _ S
28— R, -
26 I = INT(MP)
-3 . IF_ (1 ,EQ, MP) GO TO 140
28 C T )
29 DO 130 J = 1, M
.30 X 2 2(L,M B _
31 2¢1,J) = Z2(MP,J) ‘
32 Z(MP,J) = X
.33 130  CONTIMUE
34 C o T o
35 140 CONTINUE
16 C
17 200 RETURN
18 C enxkapenras LAST CARD OF ELMBAK wawivwwkin
39 END__

A-108
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TELMOO
ELMOO
ELMOO01

TTTTELMON

ELmoo!

__ELMOO

ELMON
EL“OOi
__ELMOO :
TELMO02 %
ELMOO g
~ELMOO 3
TELMNO02 :
ELMO0Z
ELMOC
ELMOOY
ELMOONT
ELMO0
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%
.0  __ SUBROUTINE BALBAX(NM,N,LOW,IGH,SCALE,M,2) BALOt
1 IMPLICIT REAL®A (AeH,0e2) BALOO
2 INTEGER 1,J,K,M,N,II,NM,IGH,LOW RALO
3  ____ OIMENSIOM SCALE(N),Z(NM,M) - o L RALO
4 C REAL 8 ~8aL00
S IF (M _EQ, 0) GO TO 200 BALO
_6 _ __ IF (IGH ,EG, LOW) GO TO 120 . BALOD
7T C 8ALO
8 00 110 I 3 LOw, IGH BALON
.9 ____ ____8 =z SCALE(I) . . __. BAL0
10 C savavwewss LEFT HAND EIGENVECTORS ARE BACK TRANSFORMED RALO
11 C IF THE FOREGOING STATEMENT IS REPLACED BY BALOO
e .C_ .. S31 ,0/SCALE(I), weansomnnw BALD
13 DO 100 J 3 {1, M T BALO
14 100 Z(1,J) = 2(1,J) » 8 ‘BALOO
i1s_ C e . — e e } - 8aLo
16 110 CONTINUE ) BALO’
17 C skt aensre FOR I=S_LOWei STEP ey UNTIL I, BALO
—18_¢C IGH+1 STEP 1| UNTIL N DO == wawwwowwnw — B8aL0O
19 120 00 140 II = {, N BJLO
20 I =11 8aL0
. ___1IF (I ,GE, LOwW ,AND, I ,LE, IGH) GO TO 140 _ o BALON:
22 IF (I LT, LOW) I = LOW « I} T TT AALe
23 K = SCALE(I) ~ BALO}
.24 ... 1F (K ,EG, I) GO TO 140 . ) . BALOT.
as ¢ ' T 8ALOG;
26 DO 130 J = 1, M RALO
-y - I A TR o o ) _ BaALOJ
28 Z(T1,J) = 2(K,J) T T T T AALOO:
29 o Z(K,J) = S BALO
.30 _ 130 _ CONTINUE _ S - BALO!
31 C RALOO:
32 140 COMTINUE BALON
33 C__. e o . — BALO
34 200 RETURN T BaLod.
315 C takkxekibnrr LAST CARD OF BALBAK *adwwwiwwn BALOO:
.36 __ .. END o BALO
A-109




0. SUBROUTINE DETFAC(NMAX,N,A,IPIVOT,IDET,DETERM, ISCALE,WK, IERR) oerw'
1 IMPLICIT REAL48 (AeH,0e2) - perdt
2 NIMENSION A(NMAX,1),IPIVOT(1),WK(]) DETQ
3 C. e e 057&
ac TTT OTTTDET
5 1SCALE=0 DETO
6 _ NM{aNe] N e L DET(
4 IERRa0 T DETC
8 C DETOC
. 9_C. _ DETERMINANT CALCULATION TEST e DETNAQ
10 ¢ i ‘““oerc‘
11 IF(IDET ,EQ,1)GO TO 230 DETOY
12 C__ . L _ e B Lo . ____DbEeroC
13 ¢C TEST FOR A SCALAR MATRIX DETC
14 C DETC
15 _____ IF(NM},GT,.0)GO_TO 20 e e e DETOC
16 OETERM3A(1,1) OETCY
17 RETURN DETC
B G . ... DETOC
19 € COMPUTE SCALING FACTORS ~ 7 DETOP
20 C DETC
—28 20 CONJINUE _ DETCY
22 00 60 I=1,N DETO?
23 Pz0,0 DETO
240030 J=t,N_ . ____bETO
2s Q=0MAX1(P,DABSCACI,I)) “DETOO
26 IF(3,GT,P)P=q DETOP
27 _ 30 CONTINUE _ e bETO
28 IF(P)60,40,60 DETOU
29 40 DETERM=20,0 DETO00
_30 .. _ 1ERR={ _ _ L - DETO
31 RETURN - o " T DETO
32 60 WK(I)=P DETOO
.33 ¢C._ L o e DETO
34 DO 210 M=z1,NM1 ) “‘“‘oeroj
315 C DETH
36 C. PIVOTAL LOGIC SETUP o DETOY,
37 C - oerol
38 P=0,0 DETO
.39 DO 110 IsM,N DETO0
40 N=DABS(ACI,M)/WK(I)) T TTTTTRETO
41 IF(A=P)110,110,100 DETO
_ W2 __100 P=Q . o e DETO00
43 IP=! " DETO
44 110 CONTINUE oerog
_4sc . e DETOU.
46 IPIVOT(M)=IP T TTTDET00.
47 C DETO
48 IF(P.,ER,0,)G0 TO 40 _ , o ) NDETO
49 IFCM EQ,IP)GO TO 155 ) ST T TTpETON:
50 C DETO
51 C PIVOT THE M=TH ROW OF THE A MATRIX ) S DETO
52 C T T T DETOOC
53 00 150 I=1,N DETOQ"
sS4 P=A(IP,I1) o oeroi
55 ACIP,I)=A(M, 1) ’ o T T DETOT
56 150 A(M,I)=P DETOO
57 C_ o i DETOI
SA P=wK(IP) . .
59 WK (TP) =K (M) DETONE
60 WK (M) 2P DETO§-
61 C ‘ osro’-
62 155 MPt=vet A-110 NETOG-

[2XY

-~
—




63 C__ _ . o o DETO
64 C L/U FACTORIZATION LOGIC . NETO
65 C DETOO
.66, __  PaA(M,M) o o DETO
67 00 180 I[=MPi,N - oot T oero’
68 BCI,M)ZA(TI,M)/P DETO
69 ____ . Q3A(CI,M) U _ L DETO
70 DO 180 K=MP],N T T oeroi
71 180 ACI K)=A(I,K)=QrA(M,K) DETO
R £ < e L _ o DETOO
73 210 CONTINUE T T T DETO :
74 C DETO 1]
1S ___ _ 1PIVOT(N)=N o DETOO0
76 IF CA(N,M) ,ER, 0,0) GO TO 40 DETO}
; 77 C DETO i)
' ..-78.:C____ _CALCULATION OF THE DETERMINANT OF A . R DETOU |
79 C ~ "DETON
80 IFCIDET,EQ,0)RETURN DETH
8 C___ _ . o DETO
| 82 230 SIGN=1,0 . T T ODETON
| 83 DETERM={,0 DETO
- 1 - . DETO
| 8s ¢ ADJUST SIGN OF OETERMINANT DUE TO PIVOTAL STRATEGY T DETO0
86 C DETON
| . BT ____. . DO 250 I=g,nmy _ ™ . DETO
» 88 IFCI=IPIVOT(I))240,250,240 DETO
» 89 240 SIGN=eSIGN DETOO:
} 0 90.__2S50 CONTINUE _ _ . . o . __ DETO
h 91 C DETO
‘ 92 00 340 I=t,N DETO00
‘ ..93 ___ PsaA(I,I) _ ) 0ETOY
| 94 C - DETO
r 95 260 CONTINUE DETOU:
‘ _-96 _____ IFC(R1,GT,DABS(P))GO TO 280 ) __DETOQ"
; 97 P=P#R2 T DETO
| 98 ISCALE=ISCALE+1 DETO !
99 GO TO 260 L DETO!
, 100 C OETO
‘ 101 280 CONTINUE DETO
102 _IF(R2,LT,DABS(P))GO TO 290 _ _ L ) NETO!
103 PaP#R | T DETOY
104 ISCALE=ISCALE=~} DETO)
10S______ GO TO 280 T ~ _ NDETO
106 C T DETO1¢
107 290 DETERM=DETERM#P DETO
108.C_ .. B e _— DETH
109 300 COMTINUE - T DETOL
110 IF(R1,GT,DABS(DETERM))IGG TO 320 DETO
A DETERM=DETERM#R2 o oero!
112 ISCALE=ISCALE+} DETO
113 GO TO 300 NDETO
114 c._ o o DETOb
115 320 CONTINUE " DETOY
116 IF(R2,LT,DABS(DETERM))GO TO 340 DETO1
N & A DETERM=DETERPMaR DETO
118 ]SCALE=ISCALE=] DETON
119 GO TO 320 DETO!.
120 C.. DETO4"
121 34¢ CONTIMUE oerog:
122 C DETOY.
123 NDETERMZDETERM&SIGN DETOY:
124 C - DETOf:
125 RETRN A-111 ogroig
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B(N1,J) = 0, A-113

- —— s esmw -

AXPO
AXPO
AXPNOO
AXPO
”Axpol
AXPO
AXPO
“AXPO&
AXPO
AXPOO

gy o "

AXPO
AXPOQ
AXPQO

AXPO
AXPO
AXPO«

TTAXPOO

A!Pml
AXPO!

T AXPOC

T TAXPOC

TAXPOlC

AXPOO
AXPO
AXPO!
AXPOQ
Axpol

AXPOO.
AXPO!(
'IXPoJ
AXPOO
AXPOO
AXP01
AXPOU
AXPOO’

AXPO!
AXPQN
AXPOC
Axpocl
AXPOO
AXPO0O
AXPO('
AXPOC
© AXPOO.
AXPOC
AXPOC

bk TR T i 03T s B ity LB GD L
o ey

o __. SUSRNUTINE AXPXB(A.U.M,NA.NQ,BonNoNG.NV.CpNC.EPSAp
t {EPSKH,FATIL)
2 IMPLICIT REAL®8 (AeH,0=2)
. T DIVENSION
4 1A(NA,1),U(NU, Y1), BI(NR,1),VINV,1),C(NC, 1)
S INTEGER
6 C . . -
7 1 FAIL
8 ML = Mol
—9____._ MM] 3 Mey e e e
10 N = N¢t
11 NMY 2 Neg
_ 12 C_1F REQUIRED, REOUCE A TO UPPER REAL SCHUR FORM,
13 C
14 IF(EPSA LT, 0,) GO TO 35
_4S __ . DO_1Q I=st,m™ _ __ . - — e e e e e =
16 00 10 J=I,M
17 TEMP 3 A(CI,J)
--18. ACI,J)_3 A(J,1) _
19 a(J,1) 3 TEMP
20 10 CONTINUE
2% ___CALL HSHLOR(A,M,NA) L .
e CALL BCKMLT(A, UoM NA, NU)
23 IF(MMyL EG, 0) GO TO 25 -
24______ DO_20 I=t,MM{ o
2% ACI*l, !) = ACI,“1)
. 26 20 CNNTINUE
2T __. .. CALL SCHUR(A,U,M,NA,NU,EPSA,FAIL) _ -
28 IF(FAIL NE, 0) RETURN
29 25 DO 30 I=y,M
_30 . DO 30 J=I,M L
31 TEMP = A(I,J)
32 ACL,Jd) = ACJ,ID)
33 CACJ,I) = TEMP L )
34 30 CONTINUE
15 C
36 C IF RENUIRED, REDUCE B TO UPPER REAL SCHUR FORM,
37 C
318 35 [F(EPSB ,LT. 0,) GO TO 4S
39 _ _CALL HSHLDR(B,N,NB) e
40 CALL BCXML T(B,V,N, MB,NV)
41 IF(NML LEQ, 0) GO TO 4S
42 DO 40 Is1,NM) o
43 8CI+1,1) = B(I,ND)
44 40 CONTINUE
45 __CALL SCHUR(B,V,N,NB,NV,EPSB,FAIL)
T 4e T FAIL = eFAIL
a7 IFCFAIL ,NE, 0) RETURN
u8 C _
49 C TRANSFORM C,
S0 C
S1___4S DO 60 J=i,N i L
s Na SN I=t1,M
53 A(I,M1) = 0
5S4 D0 S0 K=t ,M
" 885 ACI,M1) = A(I, ML) + U(K,I)*C(%X,J)
56 50 CNANTINUE
S7 DN 60 I=t,M
58 CtI,J) = ACI,M1)
S9 60 CONTINUE
60 0aQ 80 I=1,M
61 0O 70 J=i,N

T AXPOC

AXPOND:
AXPO
oAl
AXPOOU

aXPOO:
AXPO(

AXPOO®
AXPO(n
AXPOC.
AXPON
AXPOOS
TAXPO
AXPO
AXPQNO:
AXP0
AXP0




63 _ DO 70 K31,N _ AXPC
64 B(M1,J) 3 A(N1,J) ¢ C(I,K)ev(K,J) - AxpP
65 70 CONTINUE Axpoc
66 _ NO A0 J=i,N . - AxP
67 C(I,J) = B(NL,d) T ) ‘”Pa[
68 80 CONTINUE AxP0
69 C.. . _ _ . . AxPOC
70 C SOLVE THE TRANSFORVMED SYSTEM, - ‘*’g‘
71 C AXP
72._. . . CALL SHRSLV(A,8,C,M,N,NA,NB,NC) L e Axpoc
713 C T TTTAXPO
74 C TRANSFORM C BACK TO THE SOLUTION, AXPO
1S C_. N —— o I AXP 00O
76 DO 100 J=1,N AXPO
17 DO 90 I=mi,M “’00
18 . A(I,M1). 30, _ ___ e AXPOU
79 DO 90 K=z21,M - “TTaxP0O
80 ACI,M1) = ACI, ML) + UCL,K)*C(K,J) AXPO
.81 ____90_CONTINUE __ _ e e i AXPO
82 00 100 Isi,M , T AxXPOO
83 C(T,J) s A(I,M1) AXPO
- 84___100_CONTINVE __ _ . o . “*’0!
a5 00 120 I={,M AXPO
86 DO 110 J31,N AXPO
BT __ . __BNL,JY30, _ . _™_ . ﬂxpoi
88 D0 110 K=i,N - AXPQ
89 BIN1,J) = B(NL,J) ¢ CCI,X)aV(J,K) AXP00
©90___110. _ . CONTINUE . .o e AXPO
91 DO 120 J=1,N AXPO
92 C(I,J) = 3(N1,T) AxPoo
93 __120._ CONTINUE I _ . AxPQ
94 RETURN Ax°0]
oS END AXPO
A-114 l
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I SURBRQUTINE SHRSLV(A,3,C,M,N,NA,NB,NC) SHRO¢
l 1 IMPLICIT REAL®S (A=H,0e2) B o " SHRO'
2 DIMENSION SHRO"

3 1A(NA,1),B(NB,1),C(NC,1) o _ SHRO

I 4 INTEGER e - T gHROC
s t NX,0L SHROC
.6 _ COMMON/SLVBL®/T(S5,5),P(S),NSYS SHROC
i : L= " SHROf
8 10 LML = L=t SHROC
9 __ . _ oL st L o o SHROC
10 IF(L .EQ, N) GO TO 15 ’ ' T 8HROC

I 1t IF(B(L+t,L) .ME, 0.) DL = 2 SHROC
.12 .15 LL = LeDL=t o _ o SHROC
13 IF(L ,EQ, t) GO TO 30 - " SHROC
14 00 20 JsL,LL _ SHRO'
AS_________.__ DO 20_Isy,M____ L SHROC
16 DO 20 I831,LMy T 7T TTTT8HROO
17 C(l,J) 3 CCI,J) = C(1,1B,#8(18,J) SHROO
{_15“___20,“_co~rxnue,«__, e e e e e memeiiee ._.._ SHRON
19 30 K = 1 TTT7 SHROC

; 20 40 KM{ = Kef SHRAOC
-] G - | B T S e SHROO
122 IF(K ,EA, M) GO TO 4S T T gMR00
23 IF(ACK,K#1) ME, 0,) OK 3 2 SHROO
24 85 KK Z KeDKey ™ o o SHROO
25 | IF(K ,EQ, 1) GO TO &0 CT T T 8HRQO
26 DO 50 I=3K,KK SHROO
27 . _. DO SO JmsL,LL S JHROO

. 28 DO S50 JA=i,KMi . 7T 7 sHRoC
29 C(I,J) 3 C(1,J) = a(I,JaA)«CCJA,J) SHR OO
30 __.S0 CONTINUE o SHRO0
b3y 60 IF(DL LEQ, 2) GO TO 80 SHROO
{ 32 IF(DK L,EQ, 2) GO TO 70 SHROO
33 . __T(1,1) = A(K,K) # BCL,LY - SHROO
34 IFCT(l,1) LEQ, 0,) STQP T 8HROO
35 C(K,L) = C(K,L)/T(1,1) SHRON
36 GO TO 100 , SHROO
37 70 TC1,1) = A(X,K) + B(L,L) SHROO
18 TC1,2) = A(K,KK) SHROO
239 T(2,1) 3_A(KK,K) S ) . . SHROON
40 T(2,2) = A(KK,KK) + B(L.L) SHROO
41 P(1) = C(X,L) SHROO
42 . . PC2Y = C(KK,L)_ o o SHR0O
43 NSYS = 2 ' SHROO
aa CALL SYSSLV SHROO
4S.__ .. _ClK,L) = PCYY o o o SHROO
46 C(KK,L) = P(2) _ T 8MRO0
a7 GO TO 100 SHROO
_lﬁ&_",ﬁﬁ, _ IF(DK LEG, 2) GG TO 90 - o SHR OO
ue9 f(1,1) = B(K,K) ¢+ B(L,L) - SHRON
50 T(1,2) = B(LL,L) SHROO
k-7 T T(2,1) = BCL,LL B o ) SHR00
52 T(2,2) = A(X,K) ¢ BCLL,LL) ) T SHROO
53 P(1) = C(K,L) SHROO:
54 P(2) = C(X,LL) SHROQ"
S8 NSYS = SHRON
56 CALL SYSSLV SNROO
_ST. . . C(K,L) = PC1) _ SHROO
58 C(X,LL) = P(2) ' SHROO
59 GO TO 100 SHR OO
60 90 TC1,1) = A(K,K) ¢ S(L,0) SHRO0
61 T(1,2) = A(K,KK) A=115 ' SHRON.
Ibz T(1,3) = B(LL,L) SHROON:

%




e EE T

63 ______ - “f(lpa) 3 0. - e
64 T(2,1) ® A(KK,K)
65 T(2,2) = A(KK,KK) ¢ B(L,L)
66 _ .. ___ T(2,3) = 0, . . _ . e
67 7T(2,4) = T(1,3)
68 T(3,1) = 8(L,LL)
69 __ _ T(3,2) .3 0, .
70 T(3,3) 3 A(X,K) ¢ B(LL,LL)
71 T(3,4) = T(1,2)
T2 . T(a,1). = 0,_ __ e e e
73 T(4,2) 8 T(3,1)
74 T(4,3) = T(2,1)
as T(4,8) = BCKK,KK) ¢ BCLL,LL) _
76 P(1) = C(X,L)
17 P(2) = C(XK,L)
18 . ._.P(3) s C(x,LL)__
79 P(4) = C(xK,LL)
890 NSYS 3 4
_81 __CALL SYSSLV
82 Ctk,L) 3 P(1)
a3 C(xK,L) = P(2)
84 . __Ctx,LL) = P(3) _ e
8s Cixk,LL) 3 P(4)
86 100 K 2 K ¢ DK -
BT . . IF(K LE, M) GO TO 40 __ _ __ _. .
88 L s L ¢« OL
89 IF(L .LE, N) GO TO 10
.80 _ _ RETURN -
91 END
l A-116

SHRO(
SHROC
SHAOC
SHRO(

SHROC
SHROC
SHROC

T T8SHROC

SHROC"
SHROO

" T SHROC

SHROC
SHROC
SHROO
SHROO
SHROO

- - s - —

SHRON
SHROO
SHROO

SHROC
3HROO
SHROO

SHRON
SHROO
SHROO
SHROO
SHROO
SHROO
SHROO
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CATXOC

TATX00 §}

TTATXO0N

T ATXO00

0 SURARQUTINE ATXPXACA,U,C,N,NA,NU,NC,EPS,FAIL)
e IMPLICIT REALeS (AwH,0e2)
2 NDIMENSIOM
3 . LACNA,1),UCNU,1),CINC,YY _
4 INTEGER
S 1 FAlL
6 ____ N1 = Net — ..
7 NM| 8 Net
___: 5 IF REQU.RED, REDUCE A TO LOWER REAL SCHUR FORM, o
:? ‘ IF(EPS LT, 0,) GO TO 1S
12  CALL HSHLODR(A,N,NA) — e - ..
13 caLL ecxMLT(A.u.N NA,NU)
14 NG 10 Imy,NMY
1S a(let,1) 3 _ACI,N1) A e e
ONTINUE
:: 19 gALL SCHUR(A,U,N,NA,NU,EPS,FAIL)
18 LIE(FATL (NE, Q) RETYURN o e e
19 ¢
20 C TRANSFORM C,
ey e . ) e e e e e e e e
22 1S DO 20 I=1,N
ey C(l,1)=C(l,1)72. ~
24 ___ 20 _COMTINUE __ . = o
25 00 40 131,N
26 DO 30 J=i,N
27 . CA(M1,Jd) :‘3"' e e . , R
¥ n 30 Ks
gg ° Aznl J) = a(Nnt, J) s CCI,K)*UCK,J)
30 30  CONTINUE - ) -
3¢ 00 40 J=31,N
32 C(I,J) 3 A(NL,J)
33 40 CONTINUE o _ _ B
" 34 NO 60 J=1,N
35 00 S0 I=1,N
36_. __ ACI,N1) = go
B 0 K31,
;; DoA?I,N:) 2 ACI,N1) ¢ UK, TI*C(K,J)
39 50 . ___CONTINUE & _ _ e e e e
Tao0 00 60 I=1,N
4y CCI,J) = ACI,N1)
42 60 CONTIMUE L
43" 7 00O 70 I=,N
44 00 70 J=I,N
4s _CCL,d) = C(X,d) ¢+ CCJ, 1)
a6 TCW, 1 s CCUI,N
a7 70 CONTINUE
48 C
{49 C SOLVE THE TRANSFORMED SYSTEM,
22 c““ caLL SYMSLV(A,C,N,NA,NC) . .
gg g TRANSFORM C BACK TO THE SOLUTION,
sS4 C
55 NO B0 I=1,M |
56 CCI,1) = C(I, 172, -
§7 B0 CONTINUE ] | y

|§é
9
60
b2

00 100 I=t,N
DO 90 J=1,N
A(NT,J) = 0O,
00 90 K=I,N
A(MT,J) = A(N1,J) + C(I,})»U(J,K)

A YN

T aTX00

ATXOf

ATX0"

"ATX00

ATX0N |

ATXO0.,
ATXOr
ATXOC
ATXOC

ATXOC
ATXOQC
ATXO0r :
ATXO0C |
ATXO" j

ATXOC
ATXOC

ATX00
ATX00

ATX00
ATX00

ATX00
ATX00
ATX00 |
ATX00 i
ATX00

ATX00 |
ATX00 |

ATXNO
ATXO0O0

ATX00
ATX00
ATX00
ATX00
ATX00 %
ATX00

ATXQO 3
ATX090

ATXO00
ATX00
ATX00
ATX00
ATXNO.
ATX00.
ATX00.
ATX00
ATXO0N:
ATX00!
ATX0N®
ATX00¢
ATX00¢
ATX00
ATX00:
ATY0O0:
ATXNO:
ATX00¢ |
ATX00: |
ATX0N-
ATX00¢
ATX0N0¢

;
31
v s




E ]
l 63 __ 90  COMTINUE o .
Y DO 100 J=mi,N
6S C(I,J) = a(N1,J)
66 _ .. 100 CONTINUE - -
67 00 120 Jsi,N
68 00 110 Isi,N
&9 _ A(I,NL) = 0, o .
70 0O 110 X=y,N
7" ACI,NL) 3 ACTI,N1) ¢ UCI,X)eC(X,J)
_.T72_.__110  CONTINUE _ e
73 00 120 131,N
74 C(I,J) = ACI,N1)
715 120 CONTINUE o
Te NO 130 I=y,N
77 00 130 JsI,N
18 . C(1,J). .= C(1,J) + C(J,I) _ e
79 C(J,1) s C(I,J)
80 130 CONTINUE
By RETWRN .
82 END
oo’
i
l ’ A-118

ATXQC
ATXOC
ATXOr
ATXOC
TTTATROG
ATXOC
ATX)0
ATXOC
ATXOC
ATX00

T TTTT T T OTTTTATX 00
ATXO0N
ATXO0C
ATXO0N
ATXO00
ATXO0C
T ATXON
ATX00

ATX00

ST ATXO00
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0 _ SUAROUTINE SYMSLV(A,C,N,NA,NC)
! IMPLICIT REAL®S (AeH,0=7)
2 DIMENSION
3 . _LA(NA,1),C(NC,1) -
4 INTEGER
g 1 0K,0L
_6...  COMMON/SLVBLK/T(S,5),P(S5),NSYS
7 L =
] 10 OL =1
. 9 ___ _ __IPCL ,EG, N) GO TO 20 _ o
1° x"‘(L"IL) .NEO 0.) DL s 2
11 20 LL = L+DLe}
-2 .. . _Kxs| —
13 30 KMt &8 Nel
14 oK = 1
-1S ‘ IF(x ,EQ, _N) GO YO 3S__  __ ____ -
1e IF(ACK®1,X) ,NE, 0,) DK 3 2
17 35 KK 8 KeDKel
18 IF(x_.EQ, L) _GO _TQ 4S_ e
19 00 40 I=K,XK
20 00 40 JsL,LL
21 DO 40 IASU,KMA___ . _. . _ ..
22 CCl,J) 8 CC(1,J) = ACIA,I)*C(IA,J)
23 40 CONT INUE
_24. __ 45 __ IF(DL. .EG, 2) GO TO 60 = _ )
2% IF(OK .ER, 2 ) GO TO SO
26 TC1,1) & ACK,K) ¢ A(L,L)
_az~~---- — IF(Y(lli) .EQ.,D.l_STOP -
28 C(X,L) 3 C(K,L)/T(1,1)
29 GO0 TO 90
30. _ 50 _T(1,1) 3 A(K,K) ¢ A(L,L) . <.
31 T(1,2) 3 ACKK,K)
32 T(2,1) B8 A(K,KK)
33 . . . __T(2,2) 3 A(KK,KK) + A(L,L)
34 P(1) = C(K,L)
315 P(2) = C(KK,L)
36 NSYS = 2 )
37 CALL SYSSLV
38 C(K,L) = P(1)
.39 ___ . _C(XK,L) 3 P(2) _ e
40 GO TO 90
41 60 IF(OK LEQ, 2) GO TO 70
B2 o __T(,1) 3 A(K,K)_+ ACL,L) - .
u3 T(1,2) 3 ACLL,L)
T T€2,1) 3 ACL,LL)
w,as —— ——T(2,2) 3 A(K,K) ¢ A(LL,LL) _
46 P(1) = C(X,L)
47 P(2) = C(K,LL)
laa,_ NSYS = 2
49 CALL SYSSLV
50 C(K,L) = PC(1)
51 C(K,LL) = PC2) . )
52 GO TO 99
53 70 IF(K .NE, L) GO TO 80
s4 T(1,1) = ACL,L)
5% T¢1,2) = A(LL,L)
56 T(1,3) = 0.
57 T(2,1) = ACL,LL)
58 T(2,2) = ACL,LY + ACLL,LL)
59 T(2,3) = T(1,2)
60 T(3,1) = o,
1 T(3,2) = T(2,1) _
2 T(3,3) = A(LL,LL) A-113

3400
SYMno

'8YM00

SY“00
SYvo00
Syvoo
SyY4o00
SYMQ0
Symagn:
SY*400:
SyYMno:
SYMQ0¢«
SY“00+
SYMQ00.
SYM00~
SYvone




e ——

ACN,K) & ACL,L)

A(KK,KK) » ACLoL) . _

A(K,K) + ACLL,LL)

63 o P(1)Y = CcL,LY72,
64 P(2) 3 C(LL,L)
65 P(3) 3 CeLL,LLYZ2,
66 _ ~ MSYS = 3 L
67 CALL SYSSLV
68 cCL,L) 3 P(1)
.. 69 cr/LL,L) = P(2)
70 C(L,LL) = P(2)
71 CLL,LL) = P(Y)
.12 ~___ .60 TO 90
73 80 T(1,1) =
74 T(1,2) 3 A(KK,K)
Y - JC1,3) = AdLL,L)
76 T(1,4) = O,
77 T(2,1) = A(K,KK)
r8 .. T(2,2) =
79 T(2,3) = 0,
80 T(2,4) 8 T(1,3)
B8 T(3,1) 3 A(L,LL)
82 T(3,2) = 0,
83 T(3,3) =
.84 . T(3,4) 3 T(1,2)__ .
8s T(4,1) = 0O,
86 TCad,2) = T(3,1)
BT T4,3) = T(2,1) _
88 T(4,4) =
89 P(1) = C(K,L)
90 — P(2) = C(KK,L)
91 P¢(3) = C(x,LL)
92 P(4) = C{(XK,LL)
93 NSYS = 4
94 CALL SYSSLV
9S C(K,L) = P(1)
_ 9% __ . _C(KK,l) = P(2)_
97 C(v,LL) = P(3)
98 C(KK,LL) = P(4)
99 90 K = K + DK
100 IF¢(x ,LE, N) GO TO 30
101 LDL = L + OL
_t02 __ ___ __TIF(LOL ,GT, N) RETURN
103 DN 120 JsLOL,N
(oa DO 100 I=L,LL
.65 Gt =cCcWi,D
106 100 COMTINUE
107 00 120 I=J,N
_ie8 __ DO 110 K=L,LL
109
110 110 CONTINUE
S0 B C¢J,1) = C(I,Jd)
12 120 CONTINUE
113 L = LDL
14 GO TO 10 B
15 END

~

o

ACKK,KK) + ACLL,LLY

A-120

SYMQ
3YMO
SYMQ
SYMQ

SYM)

b
T 8YMH ;
:
i

T 8YMO:

SYM0

T SYMO:

SYMO: :
SYMO: ;
SYMO: f
Symo: ;
SYMO. g

SyYmo!

SYMO( :
8YMO( ‘
SYMO(
SYMQr

e st el om0 i o — t—

CCI,d) = CCI,d) = CCI,KI*A(K,J) = ACK,I)#C(K, Y~~~

SYMOQ(
gyYMo ¢
SYMO¢
SYMOC
SYMO(
SYMOC

T TsyMmor

SYMmoc g
SyYymoc §
T 8YMOC ﬁ
SYymo¢
SYMOC
SYMOC
Symor
symoc
T 8YMOO
SyYMmMocC ;
SYMO ’
Symol
SYM01!
SYMQ
“8SYM01
SYM01
SymMo01
SYMO1
SYmMo1
SYMO1
T 8YMOt
SYymot
SYMO!
SYMO1
SYM™MO0t
. 8YMQ !

g Faa il e e igiian . som.

e d
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WALy

.0 _ __ . SURROUTIME HSHLOR(A,N,NA)_ _
! IMPLICIT REAL®A (AeH,0«2)
2 OIMEMNSION A(MA,1)
3 _REAL+3 “AX . .
4 C
-] NMZ2 3 Ne2
6 __ _ NP = Net ) . - —
7 IF(N ,EQ, 1) RETURN
8 IFC(N ,GT, 2) GO TO S
9 _AC(Y, Nt) 8 A(2,1) e -
10 RETURN
11 S DO 80 L=ai,MMm2
Je Ll = Let - _ B
13 1A% = 0,
14 DO 10 I=L1,N
A5 max = ouaxxtwnx,oABS(A(x L
16 10 CONTINUE
17 IF(MAX ,NE, 0,) GO TO 20
d8_ A CLNY) = 0, —
19 A(ML,L) = O,
20 GO TO &9
ey 20 _ _Sum = 0, e ——
22 00 30 I=L1, N
23 ACI,L) = ACI,L)/MAX ~
@2d_ .. SuU™M = SUM ¢ a(I,L)wx2 7 -
2s 30. CONTINUE
26 S = DSIGN(DSRRT(SUM),A(LL1,L))
21 _ACL,N1) = eMAX®s o
28 ACLYI,L) = 8§ + A(L1,L)
29 A(MNI,L) 3 SwA(LL,L)
30 _DO 50 JsL1,N
11 Suym = o0,
32 00 40 I=L1,N
33 .. .. SUM = SUM + A(I,L)*A(I,J)
I4 40 CONTINUE
5 « P = SUM/ZA(NL,L)
_ 36 D0 50 I=Li,N )
37 A(I,J) = A(I,J) = A(I,L)»P
18 So COMTINUE
39 _..Dbo 70 I=t,N - -
40 Sum = o, T T T
41 00 60 J=Li,N
42 ) SUM = SUM ¢+ ACI,J)*a(J,L)
43 60 " COMTINUE ’
44 P = SUM/A(N1T,L)
us . D0 70 Jd=L,,N e
46 ACI,J) = ACI,J)Y « Pwa(J,L) 7~
47 70 CONTINUE
_ 4R B0 CONTINUE
49 A(N=1,N1) = A(N,N=1) -
S0 RETURM
S1 END

. i e s am e ama s -

HS®ON
TTTTTTHSHOO
HSHOO
HSHOO
HSHOO
HSHOCQ
HSHOO
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8CK"
BCK!
RCK'
BCKr

T RCKC
BCX"
ACK
BCK?O
BCK.
8CKC

T BCKe
BCKO

__ RCxo
~ BCKO
3CKN
8CKN

BCKO
8CKQ
8Cxn
8CKO
BCKO
BCK O
BCKO
BCXO
___ BCK»o
" BCKD
BCx 0
BCKO
TRACKDN
BCKO
D RCK 0
- T BCKO
BRCKO
RCKO!
3CKN

' Q _ SUBROUTIME BCKMLT(A,U,N,MA,NU)
' 1 TMPLICIT REAL#*A (A=H,Qe2)
| ? DIVMENSION
I 1a(ia,1),UCNU,Y) e e
4 C
S N{ = Ne¢i
& _ .. NML =z Nep — e
7 NM2 = Ne?
8 UCN,N) = 1,
.- 8. __1E(NMY _EG, 0) RETURN __ _
10 U(NML,N) = 0,
11 UCN,NMY) = 0,
—12 ____ _U(NMi,NM1) = 1, e
13 IF(NM2 LEQ, 0) RETURN
14 DO 40 LL®21,NM2
’ 1S Loz NMReLLet. -
16 Lt = L+t
17 IFca(MNy,L) L,EQ, 0,) GO TO 25
18 Q0 20 J=Li,N . )
. 19 Sum s 0,
r 20 00 10 IsLi,N
2y . ____ . SUM 3 SUM + A(I,L)*UC(I,J)
» 22 10 CONTINUE
23 P = SUM/A(NE,L)
} 24 .00 20 ISLI,N_ e
25 UCI,J) = UCI,J) = A(I,L)#P
26 20 CONTINUE
21 _ . 25.__.D0 30 _I=Lt,N_ __
28 Uer,L) = o0,
; 29 UtL,1) = 0,
, .30 __ _30 _ CONTINUE o
31 udL,L) = g,
' 32 40 CONTINUE ,
; 33 _ ____ RETURN e e e
| 34 END
r
)
!
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I A

0 __ SUBROUTIMNE SCHUR(M,U,NN,NH,NU,EPS,FAIL) )
1 IMPLICIT REAL*B (A=H,0=2)
2 NIMENSION
S IHINR, 1Y ,,UCNU, ) e o
4 INTEGER
S 1 FAIL
. & LOGICAL ) o
7 J1LAST
8 N = NN
R —HN 3 0, e e R .
0 00 20 I=st,N
11 JL = MAXO0(1,1=1)
12. . ... RSum =z o, -
13 00 10 J=JL,N
14 RSUM = RSUM + DARS(H(I,J))
15 .10 _ CONTINUE e e
16 MM 3 OMAXY] (HN,RSUM)
17 20 CONTINUE
X8 _____TEST = EPSwHWN
19 IF(HN EQ, 0,) GO TO 230
20 30 IF(N ,LE, 1) GO TO 230
2y _ . _IT8 =0 o T
el NA = Net
23 NM2 = Ne2
—..@8____40_p0 SO LL=2,~N ™ —
25 L = NellL+2 '
26 IF(DABS(H(L,L=1)) ,LE, TEST} GO TO 60
—.@T_ .50 CONTINUE e e
28 L =1
29 GN TO 70
_ 30 . 60 H(L,L-t1) = 0, -
31 70 IFCL LT, MNA) GO TO 72
32 N = Let '
33 GO TO 3¢ )
34 72 X = H(N,N)/HN B
35 Y = H(NA,NA)/HN
36 R = (H(N,NAY/HN)*(H(NA,N)/HN})
37 IFCITS LT, 30) GO TO 7S
38 FAIL = N
39 ___ RETURN o o o o
40 75 IF(ITS,ER,10 ,O0R, ITS.,EQ,20) GO TO 80 o
a1 S =X + Y
N - .Y = X*Y « R . o
us3 GO TO 90
ug 80 Y = (DABS(H(N,NA)) ¢ DABS(H(NA,NM2)))/HN
4S5___ 8 = 1.,S*y
46 Y = Yaa2 ) T T
u7 90 ITS = ITS + 1
- DO 100 MM=L ,NM2
49 M = NM2eMM4|
S0 X = H(M,M) /HN
St R 3 H(M+1,M)/HN
52 Z = H(M+1,M+1)/HN o ST
53 P = X#(X=5) ¢+ Y + Ra(H(M,Me1)/HN)
54 Q@ = Re(X+ZS)
55 R = Re(H(M$2,M+1)/HN)
56 W = DABS(P) + DABS(N) + DABS(R)
57 P = P/W
: 58 Q= Q/w
59 R = R/w
60 IF(” ,EQ, L)Y GN TD 110
61 IF(DABS(H(M,M=1))*#(DABS(QR) +DARS(R)) LE, DABS(PI*TEST)
'bZ 1GO TO 110 A-123

SC
-1«

sSc

SC
" 8C
sc
SC
SC
Sc
SC
sc:
3C»
sc:
SCr
SC*
SC+

SCr
s8c+
_ SCH
‘8CH
SCH
3CH

SCH
SCH
SCH
T 8CH
SCH:
SCH:
SCH¢
SCH/
SCH
SCH!
SCHf
SCH°¢

T 8CHC

SCHr
SCH?
SCHC
SCHC
SCHA

~ SCHO

SCHO
SCHO
SCHO
SCHO
SCHO
" SCHO
SCHO
SCHO-
SCHO
SCHH:
SCHQ
SCHQr
SCHO'
SCHOC
SCHO"
SCHO?
SCHOr
SCHOO
SCHOC
SCH0A
SCHOO
SCHON
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63  _ 100 CONTINUE )

64 110 M2 3 M4 T

65 MY 3 M3

.66 00 120 [zmM2,N - 3

67 H(IaI-Z) s °|

68 120 CONTINUE

69 _ . IFC(M3 ,GT, N) GO TO 140 _

70 DO 130 I=M3,N i
71 H(l,I=3) = 0,

_72 ._130 CONTINUE o e o
73 140 DO 220 KsM,NA B
74 LAST = K,EQ NA

=IS. .. .__IF(XK LEQ, M) GO TO 1S0_ S -
76 P = H(K,Kw1)

17 @ = H(K#+],Ket)

T - O . B
79 IFC(,NOT,LAST) R = H(K42,Ke1) o
80 X = DABS(P) ¢+ DABS(Q) + DABS(R)

-8y IF(X ,EQe_0,) GO _Y0 220
82 P a P/X
83 G 3 Q/X

-84 __R_T_RIX —— e
8S 150 S =2 DSQRT(P#*2 + Qaad ¢ RawQ)

ab IF(p .LT. 0.) S = e§

87 . . IF(X  NE, M) H(K,K=1) = =S&X —

88 IF(KEQ M LAND, L NE M) H(K,Kel) = oH(K,Kw])
89 P 2P ¢S

S0 .. _. Xs=P/S . .

91 Y = 0/5 S

92 Z 3 R/S

9y N 3 Q/P

94 R = R/P ) -
9S 00 170 J=K,NN

96 ___ P = H(X,J) ¢+ QuH(K+1,J)

97 IF(LAST) GO TO 160 -7 -
98 P =P + ReH(K+2,J)

_99 H(K#2,J) = H(X+2,J) = P»7

100 160 H(K+1,J) = H(K+1,J) = Pay

101 H(K,J) = H(K,J) = PxX

402 170_ _CONTINUE_ _ _. .

103 J = MINOCK+3,N) T
104 00 190 I=1,J
S40S . P = X#H(I,K) & YaH(I,K¢1)
106 IFC(LAST) GO TO 180 T T
{07 P 2P ¢+ ZxH(I,K+2)
108 _ mﬁ___H(I,K#E)‘=_ﬁ(I.K+2)":“PfR.__
109 180 HCI,Kel) = H(I,K+1) = Px@  ~— 777
110 H(I,K) = H(I,K) = P
111 __ 190  CONTINUE L
112 DO 210 I=1,NN
‘113 P = X#U(I,K) ¢ Y*U(l,K+1)
‘11a_m_ ___IF(LAST) GO TO 200 _ B
115 P =P « Z+U(I,K+2)
116 UCI,Ke2) = U(I,K+2) « P2R
117 200 UCI,K+1) = U(I,X+1) = P=Q
118 UCI,K) = U(I,K) « P
119 210 CONTINUE
120 _ 220 CONTINUE -
IIZI GO TO 40
122 230 FAIL = 0
123 RETURN A-124

ltaa

END
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_ 0 SURRQUTIME SYSSLV o _
1 IMPLICIT REAL#8 (A=H,0=2)
2 ¢ .

3 . _COMMON/SLVBLK/A(S,5),8(5),N L o
4 REAL#8 MAX
S f NMi 2 N « |

— 6 _ . . N1 = N+t I e - R
7¢C
8 C CUMPUTE THE LU FACTORIZATION OF A,
9 _. "0 80 K=i,N__ . e
10 KM| 3 Kel
11 IF(X.EA.1) GO TO 20

12 .. . DO 10 I=K,N__ L e

13 00 10 J=1,KM1
14 ACI,K) = ACI,K) = ACL,JIwA(J,X)

. AS____10__ _CONTINUE

16 20 IF(K,EQ,N) GO TO 100

17 KPt = Ktl
.18 MAX =3 DABSC(A(K,K)Y) . e e
19 INTR 8 K
20 D0 30 I=KP{,N
Y . AA = DpABSCA(I,K)) _ . - I
22 IF(AA ,LE, MAX) GO TO 30
23 MAX = AA ~
4 . INTR=TI_ . _ - . o . - - -
25 30 COMTINUE
26 IF (MAX EG. 0,) STOP
27 .. . ACNY,K) INTR —
28 IF(INTR .EQ. K) GO TO 50
29 DO 40 J=1,N
30 . - TEMP = A(K,J) o .
31 A(K,J) = ACINTR,J)
32 ACINTR,J) = TEMP
.33 4o CONTINUE . - —
34 S0 DO 80 J=KP1,N
15 IF(K,EQ,1) GO TO 70
. 364 DO 60 I={,KM{ ‘ _
37 ACK,J) = A(K,J) = A(K,I)#»A(I, J)
38 60 CONTINUE
-39 __ 70 A(K,J) = A(K,J)/A(K,K) - - ——— R
40 80 CONTINUE
41 C
___ 42 C _INTERCHANGE THE COMPONENTS OF B, e . e _
43 C
uy 100 DO 110 J=1,MNME
_8S . INTR = A(N1,J)Y e ) e
46 IF(INTR ,EQ, J) GO TO 110
a7 TEMP = B(J)
_ .48 ___ B(J) = B(INTR) ~ ) _
49 B(INTR) = TEMP
59 110 CONTIMUE
.51 C_. S - S e
52 C SOLVE LX = B,
s3 C
S4 _ 200 BR(1) = B{1)/A(L1,1)
SS NQ 220 I=2,N
Sé6 IM] = =}
ST . DQ 210 J=1,1IM{ o _ B
58 B(I) = B(I) = &(I,J)*B(J)
59 210 CONTINUE
60 B(I) = 6CI)/7ALI, 1)
61 220 CONTINUE A-125
62 C

8Ysa
Syso
3Ys0
SYS0
CAR D
3vso
CR Y
3YS0
syso
Svs8on
8Ysn
§Y3s0
SYso
8v380
8yso0
8Y8S0

~8YS0

SYS0
8YS80

T 8Y80

3v80
SYSo
SYS0
CRAD)
SYs0
8YS0
8YS0
SYSO
$YS0
8YS0
3YS80
3YS0
SYSo
SYS0
SYSo
LARLE
SYSO:
8YS0
SYso:
SYsSo:
8YS0
SYso:
SYS9Q«
SYSo«
SYso!
Svysor

"8YS0¢

SYsH
SYSO¢

" 8YS0

SYSof
SYSo:
8YSo:
SYSns
S8YS9

SYSo

SYSo

SYSO!
SYSor
3YS0r¢
SYSn«
SYSOr
SYsSar

i he e s 25 2k



63 C SOLVE ux = 8,

64 C

65 300 DO 310 II=1,NM}

66 . .. 1 3 NMielley
67 It = I+

68 00 310 JsIt,N

69 8(1) = B(I) = A(

Ve en e e w—e e e 4 e -

1,J)*8CJ)_

70 310 CONTINUE ; o sysnr
Tt RETURN U//x’/(.“ gvgg«
N NS Y80’
.72 __ _END S e W AL
T v
. (‘)(i‘] ('/',, /\'
Lip
—— ———— e — b - - o
e
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N

0 SUBROUTINE GAUSEL (MAX, N, A, NR, B, IERP) Gau
1 IVPLICIY REAL*8 (AeH,0=2) GAU.
2 C FUNCTION » COMPUTES SOLUTION TO A SET OF SIMULTANEQUS GAY
3C LINEAR EQUATIONS (DOES NOT GIVE PIVOT OR GAU.
4 C OETERMYNANY DAYEY GAU
S € USAGE e CALL GAUSEL (MAX,N,A,NR,B,lERR) GAU!
6 C PARAMETERS MaAX = MAXIMUM ROW DIMENSIOM OF 8 Gay’
7T¢C N « ORDER OF A GAQ!
8 ¢ A(CN,N) = INPUT MATRIX OF COEFFICIENTS (DESTROYED) GAUC
9 C NR = NUMBER OF COLUNNS IN B GAUC
10 C B8(MAX,NR) = WA NSY GEU:
11 C 1ERR e INTEGER ERROR cooE GAYr
12 C = 0 NORMAL RETURN GAUC
13 C x 2 INPUT MATR I““fE‘SfNEUtﬂF" GAUC
14 C REQUIRED ROUTINES = NONE GAUC
1s C _ GAUD
16 C SOURCE —  GRUC
17 C NASA, LRC, ANALYSIS AND COMPIITATION ODIVISION SUBPROGRAM GAUO
18 C LIBRARY : GaUo
19 C raww GAU0
20 DIMENSTION A(N,N),B(MAX,NR) Gaun
_21 NM1 2 Nety : GAUO
FH] IF (NM{ _EQ, 0) GO YO 140 GAUD
23 C nenn GAUY
24 € FIND LARGEST REMAINING ELEMEMT IN leTH COLUMN FOR PIVOT GAUO
25 C wwaw GAUO
26 - DO 100 I=1,NMQ Gauo
27 3IG = 0, GAUO
28 DO 20 k=1,N GEC0
29 TERM = DABO(A(K,I)) GAYO
30 IF _(TERM « BIG) 20,20,10 GAUO
3t 10 BIG = TERM = AU
32 L =K Gauyn
33 20 CONTINUE GAUO
34 IF (BIG) 40,30,40 GAUD:
35 30 1ERR = 2 . GAUO!
36 RETURN GAUN!
37 40 IF (I-L) 50,80,50 GAO
38 C w#rww GAUO’
39 C PIVOT RPOWS OF A AND B GAUOC
40 C wvenw GARUOC
41 S0 CONTINUE GAUOC
_ 4 00 60 J=1,N GAUOC
43 TEMP = A(I,J) GAUO¢
¢a ACT,J) = Aa(L,I) GAYOC
_ as A(L,J) = TEMP Gaunc
46 60 CONTINUE GAUOC
47 00 70 J=1,NR GAUOC
_ s TEMP = B(I,J) GAUOQ
49 BC(I,J) = B(L,J) GAUo0"
S0 B(L,J) = TEMP GAUOr
_. 51 70 CONTINUE G o6
52 80 CONTINUE GEUNO
S3I C w*xan GAUO"
sS4 C STORE PIVOT AND PERFORM COLUMN OPERATIONS ON A AND B GAUON
S5 T awww GAU00
56 IP1 = T+t GAUDO
57 DO 100 II=IP1,N Gayono
58 A(TI,I) = A(TII,I)/7a(I, 1) GAUGC
59 X3 = A(CII,I) GAUNN
60 NO_90 K=IP1,N GAUOO
61 ACII,K) = A(I1,K) = X3*A(I,K) GAUN®
lea 90 CONTINUE A=127 GAUOO

]




g TR

_63 NO 100 K31 ,NR i ) Gayo
64 BCIT,K) = BCII,X) =« XxJaB8(L,K) GAUN
65 100 CONTINUE GAUN
66 C roaw GAUO
67 C PERFOR™ RACK SURSTITOTYON GATI)
68 C wean GAUO
69 DO 110 IC=1,NR GAUO
70 B(M,IC) = B(N,ICY/ZA(N,N) GAaUn
7t 110 CONTINUE GAUN
72 00 130 KK=1,NMy Gaun
73 I = NekK GXU0
T4 IPL 3 [+ Gaio
15 DO 130 J=1,NR GAUN:
76 SiM 3 B(L,J) GAauo
77 DO 120 xaIPi,N GAUO.
78 SUM 3 SUM e A(I,K)*B(K,J) GAUO
79 120 CONTINUE GAUD
80 BCI,J) = SUM/AC(LI,T) GAUO’
81 130 CONTINUE GAUO(
82 RETURN GaUo:
83 140 CONTINUE GAUO(C

_84 IF (a(1.,1) .ER, O0,) GO TO 300 GAUO’
8s 00 150 Js1,NR GAUNC
86 B(1,J) = B(1,J)/74(1,1) GAUOr
87 1S0 CONTINUE ~ GAUOC
88 RETURN GAUT
89 300 IERR = 2 GALOC

_ 90 RETURN GAUO"
91 END GAaU0C
-1
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0 _ .. SUBROUTINE PNCH (A,N&,NAM,I0P)
1 C IOP(1)=0, SKIP TITLE; IOP(Z)SN. SKIP LINES) IO0P(3)31, TAB 25 SPACES,

A-129

2 IMPLICIT REAL#8 (A=H,0=2)
..3__. . _DIMENSION a(1),10P(4),NAC2) . —
4 NRENA(1) T T T
S NCaNA(2)
_ 6 __. NMAX3NR #NC _ S .
7 NSKIP=IOP(2) ' ' T o
8 IF (10P(2).,EQ,0) GO TO 20S
—9___ _D0_200 Ist,NSKIP
10 200 WRITE(7,150) ' T T T
11 1S0 FORMAT(2X)
_12__ 205 CONTINUE
13 IF (IOP(1).EQ,0) GO TO 210 T -
14 WRITE(T7,151) NAM,NR,NC
~15__ 151 _FQRMAT(A4,/,21S) _ —_ ———— e
16 210 CONTINUE T o
17 DO 250 I=1,NR
A8 IF (I0P(3),EN,0) WRITE(7,152) (A(CJ),J3l,NMAX,NR)
19 IF (I0P(3) NE.O0) WRITE(7,153) (A(CJ),J31,NMAX,NR) -
20 250 CONTINUE
21 __ 152 FORMAT(6(1PD13,5))_ e e
. 22 1S3 FORMAT(25X,6(1PD13,5)) T T
| 23 RETURN
, 24 END. W
|
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0 FIUNCTION OIMAG(Z) o ) OIme
{ REAL®A A(2),0IMAG T oIme
2 CO“PLEX*1s 2,8 DIMr
N ENUIVALENCE (A,8) _ _ DIme
" 832 T T T TogMme
S DIMAG=A(2) DIMme
6 RETUAN L ) . . . DImn
? ENO - T ToIMe
l - — I - ——— — e Se— - - . S ——— e A S —— . ——— f— - — —— o — — e ——— " ¥
e e —_ . - — .
]
:
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FUNCTION DOREAL(2Z)

REAL®8 4(2),0REAL

COMPLEX*16 Z,8
eew._EQUIVALENCE (4,8)

i .
~NTARAEWN~O

AaZ - Tttt T -
NREALSA(Y)
- _ _RETURN ) _
END
org
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OREON
OREOQO
OREOO
NREDO
""" DREOO
DREQO
ORE0O
DREON
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0o RLOCK NATA —_ “onn”
| IYPLICIT REAL®S (AeM,0e?) TmMOnor
e COMMOM/LINES/TITLECLIN),TIL(3),NLP,LIN MQ0Dor
3 _._ . COMMON/FOPM/FMT](2),FMT2(2),NEPR _ o o MNDOC
4 COMMON/TOL/EPSAM,EPSB™,JACM TMODON i
S COMMON/CONV/SUMCVY,RICTCV,SERCV,MAXSUM MOOO N
.6 .. DATA LIN,MLP/Yy,58/ . ) B MOD OO
7 NATA NEPR,FMT1/7,8M(1PTN16,,8HT) / MODOO
L] DATA TIL/AM ORA,8HCLS PRO,8HGRAM / mMQO000
9 _ . _ ... .. DATA FMT2/8M(3X,1P7D,89M106,7) _ 7/ o o MODON
10 NaTA EPSAM/Y E=l0/ TTTTTM0000
i1 DATA EPSRM/Y F=10/ MQDO00 H
t2___ . DhATA lacM/i2/ _ ) . N .
13 NATA SUMCV/1 ,E=8/ MODN0
14 DATA RICTCV/! ,E=8/ vODonN
15 DATA SERCV/YE=A/ o — mMQoo0ce
16 DATA MAXSUM/S0/ i TTTTMQDO00
17 END MODOY
—— = —— —— 9 n——— — - - e e — e it vt st Mgl oo ————— + = e - —— — - - —— PR —
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