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ABSTRACT

This work is concerned with the design of feedback compensators to
obtain linear time-invariant systems which are insensitive to parameter
variations. A new concept in sensitivity design is introduced., A
sensitivity function is derived, based on the condition number
% = inf 7 " "M’lu , where M is a matrix which transforms the
system under consideration to diagonal form. The knowledge of 3¢ permits
the computation of a bound on permissible parameter variations for which
the closed~loop system will still exhibit e specified minimum stability,

An algorithm to locally minimize the sensitivity function with
respect to the compensator parameters is developed, programmed for the
digital computer and applied to the design of three systems.

To solve the compensator design problem it was also necessary to
develop a fast and efficient pole-placement algorithm and an algorithm
to determine € . Both algorithms are potentially very useful and are
described in detail in Part 4 of this dissertation. The pole-placement
algorithm was combined with Kleinman's iterative method of solving the
steady~state matrix Riceati equation and programmed for the digital
computer, This resulted in a self-contained program package, which is
able to compute all-state feedback gains for any specified set of
realizable closed-loop eigenvalues. If stable eigenvalues are specified,
the resulting feedback gains can be used to initialize the Riccati
equation solver. The capability of Lis program package is demonstrated

by 11 examples.

vii
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PART 1

1.1 Intreduction

Physical processes can be analyzed with only & certain degree of
accuracy. This is due to meagurement errors and parameter variation
because of aging, heat and other influences. Further inaccuracies are
introduced by linearization in order to obtain s system model which is
mathematically tracteble. The modelling is usually done in the convenient
state varieble form;’le, permitting the description of multi~input,
multi-output systemg. Once a linear model of the process is established,
desired system responges can be obtained by applying the theories of

optimal controllo’ll’12’36 2,13,24,26

designh’ls'ae. The question is, how valid are these results in light

, state estimation and compensator
of the system parameter uncertainties?
Efforts to answer this question resulted in system sensitivity

38

analysis. Already Bode” was concerned about system sensitivity to
parameter variations and laid the ground work for this branch of control
theory. Since then many extension and generalizationsua of his work
have been published.

The present dissertation will apply sensitivity analysis to the
design of low order feedback compensators for linear time-invariant
systems with large parameter unceriainties. In doing soc a new measure
of sensitivity is introduced. This new sensitivity measure takes into

account the uncertainties of all parameters of the closed-loop system,

consisting of the plant and the feedback compensator.




1.2 Historical ireview

Compensation of control systems in order to achieve a pre-specified
system behavior has been common since the early days of control
system design. Ilowever, 'classical' results are applicable only to
time-invariant, single-input, single-output systems and result in design
procedures for feed-forward or minor-loop compensator529. The compen-
sator design procedures relieé mostly on Nyqulist plois or Bode diagrams.

The introduction of 'state varia.bles'l’l2

in the 1950's to describe
the dynamic behavior of control systems gave new impetus for the
development of methods to achieve desired system responses. Consider

the linear dynamic system

x(t) = A(t) x(t) + B(t) u(t) (1.2-1a)
with output
y(t) = c(t) x (1.2-1b}

where A(t), B(t) and C(t) are nxn, nxm and p x n matrices,
respectively. Whenever the system, given by equations (1) is time-
inveriant, i.e., A(t) = A, B(t) =B, C(t)=C for all t, and
controllable and observablelo, it is possible to place the closed-loop
poles arbitrarily by feeding back all system states3. All-state feedback
requires for the above system, that the matrix C be of rank n. Then
system (1) can be transformed into an equivalent system with states
z(t) = C x(t) and output y(t) = z(t).

Another problem connected with system (1) is that of optimizing the
system with respect to some performance criterion, i.e., to find a
control that minimizes the cost criterion. The most widely chosen

performance index is a quadratic integral functional of the form




f‘ U LI
J(u) = f %(gj(t‘) QP x(2) + u () M) u(2) ar ’1.2-2)

For the casewhere all states of system (1) are available, e.g., C(t) = 1,

3

the well known solution” to the optimization problem is given by the

linear feedback law

u(t)==6(t) x(t) ’1.2-3)
where

G(gt\ = + R'J'(t) ff(t) P(t) (1.2-4)

If Q(t) and R(t) are symmetric positive semi-definite and positive
definite weighting metrices, respectively, and system (1) is controlleble,
then P(t) is the unique, symmetric, positive definite solution of the

matrix Riccati equation

SB(t) = P(t) A(t) + AT(£)P(£) - P()B(L)R™(£)BL(£)P(t) + Q(t)

P(t,) =[o] (1.2-5)

When system (1) is time-invariant and C = I, Letov 3°

showed how to
choose closed-loop poles yielding optimality of the system with
respect to a quadratic performance criterion es given by equation (2).
In this case, @ and R are constant, and the integration interval is
[O ’ oo).

Generally it is not possible to achieve arbitrary pole assignment
for time-invariant systems if not all states of system (1) are available
for feedback. In this case only as many eigenvalues can be shifted

31,32,

arbitrarily as independent outputs y; are available s the remaining

eigenvalues may move anywhere in the complex s-plane. The use of cost

[

s e s e e T
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functional (2) to optimize systems with unavailable states does not. lead
to tractable results as in the all-state case, CassidyeT developed a
modified quadratic performance criterion which yields optimal results
for systems which cen be stabilized by partial state (or output) feed-
back. The drawback of his method is that it has to be started with a
stable system.

If no stabilizing feedback peins exist or can be determined, dynamic
feedback compensators have to be implemented to achieve stability or
optimality with respect to some performance index. The task of designing
a dynamic feedback compensator is usually achieved in one of the following
two ways:

(a) Determine an observer2’13’26’33

which yields an estimate of
the unavailable states. Use the estimates and available
states and proceed as in the all-state case in determining
appropriate feedback gains. The overall structure of
observer and feedback gains will be termed dynamic compensator.
(b) Since only a fixed linear combination of the states is needed
to achieve a specified system response, estimation and

4,18-20

feedback will be immediately combined . This method ,18

may yield lower order compensators than the first method, but

may also be computationally more difficultes.
The major difference between the two approaches is the fact, that the
second method does not obtain explicit estimates of the unavailable stateseﬁ.
Both methods allow arbitrary placement of all closed-loop poles of timee~
invariant systems and will yield asymptotic stability for time-varying

gystems if so desired.
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The theory of observers and compensators is needed for the desiin
of real systems, because many practical systems have not all states
available as outputs. Another characteristic of practical systems is
the fact, that they usually cannot be described ns accurately as needed
for the proper application of control laws. To desl with inaccuracies
or slow variations due to aging of the system parameters the sensitivity
of certain desired system properties with respect to possible parameter
changes has been analyzed.

Numerous papers3h’35’37“h3 deal with sensitivity analysis end design.
To use the classification of Rohrer and Sobral35, the sensitivity design
methods can be divided into two categories, absolute and relative
sensitivity designs. Absolute sensitivity is concerned with the change
of some desired system quantity, e.g., the transfer function T(s), due

39

to the change of some parameter x. Thus, Bode38, Cruz and Perkins~-,

Morganul, etc. deal, in the scalar case, with sensitivity functions of

the type
T AT

e
sx - T Ax

1.2-6)

39

Equivalent formulations for the vector cese are available~”.

Relative sensitivity is applied when describing the deterioration
of the performance index, e.g., equation (1.1-2), due to parameter
variations. One of several possible expressions to describe relative
sensitivity is the change of performance index J(X’ E) due to a change

in system parameters V.

_ I uo(t\" - J( 0, ﬁ(t)‘ 1,2-7)
° [I’ B(t)] lo %, .‘_P_(f))l

-
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0 0
where J(v ', u'(t)) denoles the optimal cost, obtained for oplLimal

0
control u (t) end nominal system parameters xo. Clearly, when v
. 0 .
differs from v, EO is no longer the optimal control, but a control
resulting in the cost J(v, Eo(t)). Reports of Rohrer and Sobra135,

L
3 et al., CassidyeT, Tuel37, PorterBh, ete., are just some of

McClamroch
many publications which are devoted to the derivation and application of
some type of relative sensitivity.

Further references for sensitivity designs and problems can be
found in reference 42 .,

The goal of both methods is to minimize S ' and
3 [E’ E(tﬂ . To achieve this goal in a mathematically tractable way
it is assumed that the parameter veriations are 'smsll'. After the
design is completed the effects of 'large' parameter variations are
investigated39’h3. None of the methods establishes an a priori bound
on the parameter uncertainties, for which the system characteristic
will vary within a permissible region only. Furthermore it is assumed
that the feedback structure can be implemented asccurately, and thus
possible inaccuracies of this part of the closed-loop system are
neglected.

Although absolute sensitivity was introduced and analyzed38 egrlier
than relative sensitivity,the first approach did not really progress past
39

a trisl and error design procedure””, especially when only bounds on the

27

parameter variations were available. Tuel37 and Cassidy ' showed that,
by making use of modern optimization techniques, the relative sensitivity
approach yields meaningful results with comparative ease, as long as only

few parameters are subject to variations.
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It is the intentlon of this dissertation to eliminate some of the
short-comings of both sensitivity approaches. To do s0 a completely

different route of investigation is chosen,

l.3 Scope and Contribution of this Work

This dissertation deals with the sensitivity of eigenvalues of a
closed-loop system consisting of a linear time-invariant plant and a
feedback compensator, The feedback compensator ie of sufficient order
to permit arbitrary pole assigmment for and thus stabilization of the
closed-loop system. It is assumed, that it is only desired to obtain
closed~loop poles within a certain region of the complex s-plane, and
not te fix the pole locations a priori.

Since the compensator permits arbitrary pole-assignment it is
assumed that the closed-loop system will have distinct eigenvalues only.
Then there exists a non-singular matrix, M, which transforms the closed-
loop system to diasgonal form. A measure of the sensitivity of the

system matrix is given by
_ 3 -1 .3-1)
x = tor [ o) (130

Thus, by shifting the pole~location within the specified region, it is
possible to obtain a new K, having a lower (or equal) value than Xx
corresponding to the original set of poles; i.e., 3 can be locally
minimized.

Usually stability is a main design criterion. It is desired to
keep theclosed~loop system stable even under the influence of large
parameter veriations. A very conservative bound on the maximum permissible

parameter variation, for which the system will still be stable, is
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given by

~max Re(\s)
% (1.3-2)

where X\ g is an eigenvalue of the closed-loop system. To increase ihis
bound, it no longer suffices purely to minimize 3 as defined by equation
(1), but to maximize expression (2), at least locally.

Part 2 will give the theory behind the choice of this measure of
sensitivity. Also contained in Part 2 will be the numerical algorithm
for designing the compensator and computing expressions (1) and (2) in a
slightly modified form.

Pert 3 will present three numerical examples to illustrate the theory
of Part 2.

The computation of equation (1) end iteration on the value of X
required some efficient numerical algorithmsfor pole-assignment and
determination of iﬁf "M" " M-l " . Since these algorithms are of general
gpplication, they are described in detail in Part 4. The pole-placement
algorithm is an especially useful tool in determining a set of stable

gains to initialize the Kleinman®

iterative technique for the sclution
of the Riccati equation. Numerical examples for the pole-placement
algorithm will also be given in Part L,
Thus the contributiors of this dissertation are:
(a) a new sensitivity measure which takes into account the variation of
all closed-loop parameters;
(b) & bound (still very conservative) given on the parameter uncertainty

for which the closed~loop system is guaranteed to exhibit a specified

minimum stability;




(¢) e very efficient algorithm for arbitrary pole assignment and

(d)

initiaelization of the iterative Riccati matrix equation; and

an elgorithm to compute 3¢ = inf I M“ || M'1|| , where the matrix

norm " -|| ig induced by either the 'one' or 'infinity' absolute

vector norm.

R e ey L e n e o
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PAKT 2

COMPENGATOR DESIGN FOR LOW UENSITIVITY LINEAR ZYOTEME

2.1 Introduction

This part deals with linear time-invariant plants which are inaccur-
ately known and have fewer independent outputs then states. 'The eim is
to design a low-order feedback compensator such that the closed-loop
system, consisting of the plant and the feedback compensator, hes poles
in some desired region of the complex s-plane. Furthermore the poles
should be insensitive towards variations of the system parameters.

The goal will be achieved by choosing an estimator of minimum order

as developed by Luenberger13

and by using the estimates together with
the plant outputs to determine & set of feedback gains, which will shift
the poles of the closed-loop system to locations within a desired region
of the s-plane. A sensitivity measure, which will be defined in the
following section, is evaluated for this set of eigenvalues. Then the
eigenvalues are moved within the desired region in order to decrease the
sensitivity measure. The method will terminate if a local sensitivity
minimum is obtained.

A conservative bound on the maximum permissible parameter variation

for which the eigenvalues of the closed-loop system will still be stable

is derived from an extension of Gersgorin'slh theorem.

2,2 Theory

Consider the linear time-invariant, controllable and observable plant

x(t) = A x(t) + B u(t) (2.2-1a)

1

y(t) = € x(¢t) (2.2.-b)

o e & N T,
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where A, B and C are matrices of order nxn), nxm) and (p x n)

respecl.ively., Tet B and C be of maximum ranks m and p, respectively.

Then (A,B) represents a controllable systeml3, if
rank [By AB, A2B 2 ses 3 A”-lB] =n for vén (2.2-2)
. T T .
Cimilarly (A", C°) is observable if
2 M=l
rank [CT,ATCT,(AT) ¢, ..., (a0 CT] =n for u&n (2,243)

If C is of maximum rank p and p<€n then it is not possible to

achieve arbitrary pole assignment of all n poles by static feedback

alone; a dynamic compensator is needed. The theoretically lowest order

of the compensatorh’l8 to permit arbitrary plaecement of all closed-

loop poles is equal to

B = min (v-1, p-1)

min (controllability index - 1, observatility index - 1) (2.2-4)

where v and u are the smasllest integers to yield equalities (2) and

(3), respectively. Since B and C were assumed to be of maximum

ranks m and P, respectively, upper bounds for ¥ and pu are given by

”-l s n=m (202"5&)

=1 £ n-p (2.2-5b)

However, choosing the compensator order according to equation (k)

requires

(1) that all three matrices A, B and C be accurately known and;

(2) that some fixed linear combination of the states of plant (1) be

acceptable for implementation.

et M kit st i L

S
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To take parameter uncertainties into account and to enable the estimat.ion
of unavailable states fromthe outputs Ys» ‘the compensator order is
chosen to equal n-p, assuming, that p » m (in the case p & m, take
the dual of system (1)). Estimation of all unavailable states makes the
implementation of & feedback compensator computationally simple,and
changes after realization of the feedback compensator can be made with
static feedback, if so desired.

Let the compensator of order q = (n-p) be described by

_g'_(t) F z(t) + ¢ y(t) (2,2-6a)

(t)

Ie

I

Hz(t) + J y(t) (2,2-6b)

Combining equations (1) and (6) yields the closed-loop system

x(t) A+BJC BH | | x(t)

. = (2.2-7)

z{t) GC F z(t)
The augmented state vector [ X, E]T will be defined

wi(t) 2 [ x(t), g(t)]T (2,2-8a)
and the closed-loop system matrix

A+BJC BH
x 2 (2.2-8b)
GC F

Thus., equation (7) becomes

w(t) = X w(t) (2.2-9)

For the sake of clarity it is now assumed, that only the plent
matrix A has parameter uncertainties. ILater on it will be shown that
the desensitization of the eigenvalues of the closed-loop system is with

respect to all elements of the matrix K, not only with respect to some

TR,
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of them, let A be decomposable into & nominal matrix Aq and a

parametier variation &4, i.e.,
A=A+ A (2.2-10)

Usually dA cannot be properly defined. The best one can do is to
obtain some upper bound on the uncertainties of every element of the

nominal matrix AO.

Substitution of expression (10} in (8b) yields

A+BIC BH SA 0
kK @ Ky + 8K = + (2,2«11)
GC F 0 0
and therefore
w(t) = (X, + K) w(t) (2.2-12)

The closed-loop system is shown in figure 2.2-1.
Since the parameter uncertainty is usually not explicitly known
the compensator to achieve some set of closed-loop eigenvalues will be
designed with respect to the nominal system parameters. Consequently two
questions arise:
(1) what is the influence of dA on the set of nominal closed-loop
eigenvalues?
(2) can the influence of &A on the nominal eigenvalues be minimized?
Answers to the above questions will be given after the presentation of a
number of definitions and an extension of Gersgorin's theorem.
Definitions:
1k

D) Ko is a simple matrix, iff for each distinct eigenvalue of

K. the multiplicity is equal to the geometric multiplicity.

0

B S T,
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[ K
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FIGURE 2.2-1

Closed=-Loop System
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i.e., KO is simple if it has a full set of linearly independent

elgenvectors and thus can be transformed to diagonal form.
1)2)‘1‘)+ Cnxn denotes the set of all complex valued nxn matrices.
D3) For simple matrices KO there exists a non-singular matrix M

which transforms K. to diagonal form L, i.e., K. =ML ML,

0 0
Matrix M is non-unique, M o=M- diag (Bl,...,qu) with
By £ 0 is also a sgimilarity transformation matrix.
Dh) The infimum of the condition numbers for the set of matrices

M, transforming K, to diegonal form L, is defined to be
x o ol )

D5) A matrix . yrm induced by a vector norm is defined ble
ko z |
I 0“ E#Q : X “

D6)lh An absolute vector norm N(x) depends only on the absolute

values of the elements of the vector argument.

14

Theorem :
Let KO’ JKe f(n+q)x(n+q) with Ko simple., If KO has eigenvalues

kl,.;.,hn s M 1is the transformetion of K. to diegonal form L, u

+q 0
is an eigenvalue of X = K, + 4K, and for a matrix norm induced by an

absolute vector norm

2 = |exj int el 1] - || = (2.2-13)

then u lies in at least one of the disks

Is - ?\-il £ 9 i=1,...,n+q (2.2-14)
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Proof':
(This proof is repeated here, since 1t gives some insight into equations
(13) and (14) and shows the relationship to Gersgorin's theorem). (ince

i is an eigenvalue of K = KO + 8K, there is a vector Y # Q for which

(Ky+ 6K) y = uy (2.2-15)
Because K, is simple, K, =ML ML and hence
L+ML gKM) z=pz - (2.2-10)
-1
where z =M™ y. Thus
(MI=-L)z-= ML &k Mz (2.2-17)

From the definition of the lower bound of a matrix with respect to an

absolute vector norm N it follows that

gty (ui-n) & [ xm f| & flaxlf o] [

whence
min | u - n | & | x|l “M" “M‘lll (2.2-18)
Expres:io.l (18) must hold for every M transforming K, to diagonal
form, thus
min | -2y | & ok | e [l ] - (2.2-19)

Hence, u lies in at least one of the discs

- &
|s -2l 2¢

The connection to Gersgorin'%htheorem is easily established. Consider
expression (16) and define

D 2 r+mt dkNM (2.2-20)

4
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and

g = Zldikl Z Jort §vm), (2.2-21)
k X

k#1 ki

Then according to Gersgorin's theoremlu the elgenvalues of I lie in

disks

|s - d.,l< 85 i=1,(n+q) (2.2-22)

in the complex s-plane. But

d,, = A, + (M-l
1

ii K M)

ii

whence inequality (22) can be re-written as

’ -1 -1
91> |y - ot gxmy, |2 | s - font g Mg

or
|s - xils_ g; + |(1v.r":L dK M)ii| (2,2-23)
Defiine
¢ = g; + ot gx M)iil = z |(M‘1 K M)y, (2.2-24)
k

Using the matrix norm induced by the infinity vector norm, 31 can be

bounded above by

$: < || M'lllw "JK"OD " M“m i=1(n+q) (2.2-25)

This must hold for all matrices M which transform K. to diegonal

0
form I and thus

|55 < fl6% |l o inf En R ETN (2.2-26)
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Inequality /20" is identical Lo expression ‘14) for the case of fhe
infinity norm.

This theorem answers already the first of the two questions asked
before introducing the theorem. Heving designed a compensator such ihat
K, has a specified set of eigenvalues{)».i} , the eigenvalues of h=F + dv
will be in disks as given by expression (13 and (14 . Clearly
expressions (13) and (14) are for a worst case design.

Once an appropriate matrix nom is chosen, || 6A " end thus,by
assumption, "d‘ K“ are known. Then, by equation (13), the way to
minimize the influence of “JK " on the nominal eigenvalues [hi} is by
minimizing 3 = inf ] . tnf I] | o] coura ve asrectay
interpreted as & sensitivity measure. To desensitize the closed-loop
system the eigenvalues are moved within a permissible region until some
minimum of X is found.

Inequelity (14) says that asymptotic stability of the perturbed

system matrix K = K. + &K is ensured if the eigenvalues of the

0]
nominal system satisfy

Re(?xi) < -940 for i=1, n+p (2.2-27)

If the actual closed-loop system fg(t‘ = K w(t) is desired to exhibit
a specified degree of stability, say Re(u) € -¥< 0, where pu is an
eigenvalue of K, then inequality (27) has to be amended to

Re(A,) + ¥ < -9<0 (2,2-28

Reformulation of inequality (28) leads to either

Re(M )+ ¥ re(n,) . X
- —-—-;——— >1 or - F 1 for i=1,(n+p) (2.2-29

L gy A S L R
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Both expressions are combined to form the promised new type of sensitivity

function. This function is implicitly dependent on the eigenvalues hi

of the nominal system and a parameter «,., which depends on the ratio

0
il

-ﬁjTﬂ— of the input- and oufvut matrix of the compensator (% and !/ are

defined in equation (6)). ‘hen the sensitivity measure chosen becomes

Re (A
£y @) =1 *Cngy) +

0 x 6K+ ¥ (2.2-30)

where Kmax denotes the least stable eigenvalue of K. (K. is assumed

0 0
to be stable). When trying to minimize the sensitivity function fs

with respect to its arguments, it can be seen, that tr*~ will not necessarily
yield the lowest possible X, but will essentielly maximize

[ 0aac))/ [ o] ]
bation of K, is maximized.

0

It is possible to include some region constraint in the sensitivity

. By maximizing this ratio the permissable pertur-

function, i.e., some penalty to force the desensitized eigenvalues to be
close to a desired region in the s-plane. As computational results will
show, this is not really necessary. If the eigenvalues of the system to
be desensitized are chosen to lie within a specified region,it is most
likely that the eigenvalues of the desensitized system will be in that
region, too.

Equations (13) and (30) depend only on the norm of 4K and not
directly on the elements of this matrix. Hence, once a closed-loop
system is designed variations of the elements of matrices B,C,G,H,F,J

are also taken into account, as long as ud' K“ stays the same.

o
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Computational Aspects

To summarize, the computational problems posed are‘'o:

determine an estimator of order q=n-p having certain desired
eigenvalues;

use the plant outputs and estimates to compute a set of 'all-state’
feedback gains yielding & plant with desired eigenvalues;

combine estimator and feedback gains to obtain a compensator as
described by equation (2.2-6);

compute the matrices M and M'l of eigenvectors of the closed-
loop system, consisting of plant and compensator, and detemirne
x=int || Mf| | 2 ;

compu%e the sensitivity measure fs given by (2.2-30) and iterate
on fs so as to obtain a minimum.

Oteps 1 to 3 have a common characteristic in so far as neither the

estimator, nor the set of 'all-state' feedback gains nor the final

feedback compensator are unique. This non-uniqueness can be easily

demonstrated with an example for all-state feedback which is typical for

all 3 cases.
Example:
Let. x(t) = A x(t) + B u(t) (2,3-1a)
y(t) = € x(t) (2,3-1b)
represent a second order system with
11 12 { )
A = B = 22 and C = I, 2.3-1c
821 %22

Where I2 denotes the identity matrix of order 2.
Arbitrary pole-placement can be achieved by feeding back all states.
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Choose the feedback 1 aw

g € |
| N %12
u= - ”0 y=- GO X = - ) . X (2,3=2)
%21 O22 |
to obtain the closed-loop system
r“11 ) 812 - & ]
. 11 12
25 = 5 (2.30‘3)
8., - £ 8rn = &
21 021 22 022 ]
Clearly, lk) hes infinitely many solutions for any one set of closed-loomn

poles. If system (1) would be a single-input system and controlleble,

then a unique 501 would exist for which

L
1

=
'
o’

m

X (2.3=4)

will have a set of desired eigenvalues.

Before analyzing the above 5 problems in detail the following
assumption is made to facilitate the theoretical and computational
analysis.

Assumption:
The system given by equation (2.2-1) and repested below is in observer

canonical form, i.e.,

x(t) = A x(t) + B u(t) f2.3~5a)

¥ = [15} o] x(e) (2.3-5b)

This assumption is not overly restrictive, since any constant linear
system, that is not initially in observer canonical form, but whose

matrix C is of maximum rank p, cen be transformed to an equivalent

[ R

P TGN e e e




22

system, that is,to the desired observer canonical f'orm 'for findings tle
transformation see for instance Ashe).

For clarity the computational problems are deal! witl below in separate
paragraphs.
1Y  Estimator Lesipn

"ince the plant (eq. 2.2-1) has only p independent outputs, i.e.,
the first p states, g=n-p states will be estimated. ''o do so an

estimator of Luenberger13

type is chosen. Tt is not the purpose of this
dissertation to repeat the derivation of this type of estimator. The
following equations are therefore stated without comment. The interested
reader will find all necessary details in Ashe, from where ihe equations

are taken.

Let the estimator be described by

lJ!E(t) £V y(t) + W u(t) (2,3-6)

vy
~
ct
]

[0

The matrices U, V and W can be found by partitioning the nomineal

vy
ct+
(@]
1l

Iq] _Jg(to)

plant matrices as follows %_
]
A v A By
Ag = |=7==7=="-~ 5 B =|==-- (2.3-7)
Aoy 1 A B,

where A, 1is (pxp), Ay, is (axq), B, is (pm) and B, is qum).

The estimator matrices are determined by

- - r -?""8 )
U = Ay = Gy Ap 2.3-Ce
- - {2- "Bb\
VvV = A21 Ge A12 + U Ge 3
W = -3 B r2.3-8¢)




b
LAl

where ”e is an arbitrary matrix which is chosen to force U to satistfy
certain conditions. 1In the present case, U 1is desired o have a cspecified
set of eigenvalues,

13

Tuenberger -~ and Ash2 proved that a closed-loop system formed of a

plant, an estimator and a set of all-state feedback gains Gs will have
eigenvalues consisting of those of the matrix U and those of Ao + B Gs.
Hence some of the desired closed-loop system eigenvalues are selected to
be realized by the estimator.

o1 i = - G i,
ince the eigenvalues of U A22 Ge A12 are knowrn , e has ‘o

be determined accordingly. Consider the system

a'(t) = Ay’ QUE) + A" x(t) (2.3-9)
and choose ‘
x(t) = - 6 " Qo) (2.3-10)

to force the closed-loop system to exhibit the specified eigenvalues.
Details on how to find an appropriate matrix Ge are omitted here. )
Part 4 of this dissertation describes a numerically very efficient method
for determining a matrix Ge which will yizld the desired closed-loop
poles. Once Ge is known, all three estimator matrices U, V and W can f
be determined.

The state of the plant can be constructed from the plant output and

the estimates.
_ r ' ~110
x(t) = Ry y(t) + R, £(1) (2.3-11)

where

g-’
H
—
(]
o

Ge] and R, = [o E Iq] (2.3-12)
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The structure of plui! and estimator is shown in figure 2.3-1.
2) Feedback Gains Gg

q of the n+q closed-loop system eigenvalues are realized by
appropriate estimator design. The remaining n eigenrvalues are obtained
by computing appropriate feedback gains G8 for the nominal plant. For
the determination of GB it does not matter that q of the n states
to be fed-back are actually state estimates. Thus the system under
congideration is

x(t) = Ay x(t) + B u(t) (2.3-13)
and the control law to chbtain the desired closed-loop poles is
u(t) = - 6, x(t) (2.3-14)

Again the reader is referred to Part 4 for an algoritbm on how to compute
an appropriate matrix Gs.
3) Compensator Design

The compensator matrices can be constructed from the estimator
matrices and the gain matrix C—s by simple block disgram menipulation.
Figure 2.3-2 depicts the final result. The diagram hes the same structure

as that of figure 2.2-1., Equating corresponding expressions ylelds

F=U-=WGaG, Ry (2.3-15a)
G=V-WG, R (2.3-15b)
H = - Gy R, (2.3-15¢)
J=-G R (2.3-15d)

4) Computstion of 3= inf Kuf [V |
This step caused some difficulties. No use could be made of existing

techniques, since none seem to be available. It was not possible to
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tolve the problem for a matrix norm induced Ly anarti!rary vector rnorm.
An algorithm could be developed to determine X for malrix norms induced
by the 'one' and by the 'infinity' vector norm. ‘“he resulic for the
matrix norm induced by the 'infinity' veclor norm are outlined here. Jull
details for both norms are presented in Part 4, section 4.3, 1he
'infinity' vector norm induces the matrix nomm

lM“oo= sup IMEIL’ = max le‘kl (2.3-16)

xto Mo k T

i.e., “ M "co is the maximum absolute row sum.

After determining two matrices M and ML that transform K ‘o

i

diagonal form L proceed as follows in calculeting xoo': iﬂf " M “oo " M'l “ o’

. ~1 T . .
4 3
Q) Define @ = M = [31’ _92; seey g(mq] . Obtain the matrix

Qﬁ = Mﬁ-l by normalizing the rows of M-l, i.e., F
'q;jk|
qu’ l = for Jj=1,(n+q) (2,3-17"
JK
f) Scale R # M appropriately to yield RB = MB’ where MB Mﬂ':L = 1

and R [EB , ceny Eﬁ(mq)]T.

$) Then X o 18 given by

¥ _ = max lr, | (2,3-18)
® Z Bik

5) Iteration on the Sensitivity Measure f_

Once 3 is determined it is not difficult to compute the sensitivity

measure f_ as given by equation (2.2-30). However, the main task is to
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minimize fs. One solution way would be to determine a gradient of fs
with respect to the elements of the compensator matrices, since they can

be influenced directly. Then the compensator elements could be chaniged
until the gradient of fs 15 zero or very small. Since fs is notl
explicitly dependent on the compensator elements such a gradient would

have to be synthesized from perturbing the compensator elements. lisually
the total number of elements of the compensator matrices is quite larre.
Thug, this approach would create a dimensionality problem. Predicting

the motion of the closed-loop eigenvalues would he very complicated, too.
Hence, another approach is chosen.

This new approach synthesizes the gradient of f8 with respect to
perturbations of the closed-loop eigenvalues. The compensator matrices
corresponding to the perturbed eigenvalues are easily calculated by
proceeding through steps 1 to 4 above. It has to be pointed out that this
approach restricts the degrees of freedom in design remarkably, because
the compensator designed in steps 1 to 4 will always be designed in the
same way. No use is made of the multitude of other compensator designs
for the same set of eigenvalues. Such a use would be possible if the
above approach were used. However, then the problem would no longer be
computationally tractable. To restore at least some of the lost
freedom the following observation is taken into consideration., Cimultaneous
multiplication of matrix G by some scalar @, and division of matrix

0

H by ab does neither change the compensator output nor the closed-loop
eigenvalues, but it hes a large influence on the system eigenvectors and
thus on X . Hence, fs is also congidered an implicit function of ay

and the gradient is determined accordingly.

L e e M.
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PART 3

NUMERICAL EXAMPLES

3.1 Introduction

The theory and computational aspect of the compensator desimn for
low-sensitivity systems was presented in the previous part. A computer
program, called COMPDES, to mechanize the design procedure was written
in FORTRAN IV. Several numerical examples were computed and three of
them will be described in the following to show the success and limltations

of the method.

3.2 Program Outline

COMPDES can be broken down into two major sections. The first
section consists of a gradient procedure which tries to increase the
stability of a system by computing appropriate feedback gains. The thus
obtained closed-loop system is tested for stability with respect to the
maximum possible parameter variations. The program terminates if stability
can be guarsnteed. If not, the program proceeds to program section two,
Section one can be by-passed.

Program section two carries out the actual compensator design and
sensitivity reduction. The compensator is compsed of a state estimator
and a set of 'all-state' feedback gains. The sensitivity function is
minimized by means of the Davidon function minimization method. The
gradient of the sensitivity function with respect ‘o the eigenvalues and
Q% is required for the Davidon method and is synthetically generated.
Thus the gradient may not be computed to be zero where the function

actually has a minimum. To aveid useless numerical oscillation abou® such
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a minimum, ‘he total number of iterations is limited.

A flow chart of the COMPDES computer program is depicted in figure
3.2"1.

3.3 Explanation of the Computer Print-Out

The flrst page of each example shows the input data, and gives a
listing of the eigenvalues of the system matrix A. ‘he eipgenvelues are

called 'Roots' in the print-out,

The second page glves a print-out of the initial compensator matrices.
FJ, FH, FG and FF denote the compensator matrices J, H, /i and I'. These
matrices are computed for a given set of closed-loop poles. This set of
poles is egain denoted 'Roots' and the print-out follows that of the
compensator matrices,

The line following the poles of the initial compensator design shows
the value of Ob by which the compensator input matrix G and output
matrix H are scaled (see Part 2, section 2.3) and the condition rumber X.
These two values are repeated in the next line together with the least
stable pole denoted 'ROOT1' and the value of the sensitivity function
called 'FUNCTION VALUE'. The following line contains the same quantities,
but for the finel compensator design. The diecplay of the matrices and the

eigenvalues of the final design conclude the second page.

3.4 Examples

3.4.1 2" rder system

3.4.2 3rd order system

hth order system

3.k.3



3.1 2™ order system
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3.5.2 3 order System
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3.h.3 th Order System
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3.5 Discussion of the Kegulls

All three examples were chosen arbitrarily and their resulls m.c' be
interpreted differently. The uncompensated systems are all unstable
and at least the second order system cannot be stabilized bty statlic
feedback.

The first example minimizes the sensitivity function by essen’ially
maximizing |Re(Kmax)/J<|. The final condition number X, = 24,74  is
slightly greater than the initial value x; = 22.85, A result of this
type could be expected, as already indicated in section 2.2. A check on
the sensitivities of the initial and the final closed-loop system design
was done by successively perturbing each of the dlagonal elements of the
overall systemg, The perturbation had the value +1. Although the absolute
changes in pole locations of the final design were slightly larger than
those of the initial design, thefinal design maintained its 50% hisher
stability margin over the initial design,

The minimization of the sensitivity function in the second example
is mostly achieved by decreasing the condition number from Jci = 222.9
to J(f = 97.2, Again the diagonal elements were one by one perturbed by
+l. This time the changes in pole locations was markedly different for 4
the two designs. The absolute shifts of the poles of the initial design £
were.2 to 3 times lvrger than the corresponding shifts of the poles of
the final design. Both designs remained stable for the introduced perturbations.

Although the sensitivity of the third example is reduced by more
than a factor of 4, thig is not enough to actually obtain & low-
sensitivity finel design. Perturbation tests showed that both desigms

are extremely sensitive. Since the absolute changes in pole location of

both designs are approximately the same no superiority of the final design
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could be established. The extreme sensitivity of either system was best
demonstrated when adding +1 to the (2,2)-element of the overall systems.
The (2,2) element of the initial design has the value +1643,1 and the
corresponding element of the final design the value +1969.1. The pertur-
bation caused both systems to become violently unstable, each getting
an eigenvalue in the vicinity of s= +20.. If & less sensitive system
is desired several different initial designs should be tried out,

It is quite interesting to compare the permissible uncertainties of

d rd
ne, 3

and hth order plant. Since all three plants are different these numbers

the three systems. The values are .T4, .027 and .0022 for the 2

can not be compared directly. However, they roughly indicate the order
of megnitude of the uncertainties permissible for the three different
order systems. In general it can be said, the higher the plant order,
the smaller the permissible uncertainty. Heuristicelly this can be
explained as follows: the influence of an uncertainty d on the charac-
teristic equation of an nth order system can be estimated to

lea where a, is the element of largest megnitude of

1imax 13max
the plant matrix. This estimate indicates an exponential.y growing

ln-l

influence of a parameter variation d .

None of the examples permits the specified parameter uncertainties.
The uncertainties were intentionally chosen to be rather high, forcing the
computation to either find a local sensitivity minimum or terminate

because of too many iterations.
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PART L
TWO GENERAL PURPOSE NUMERICAL ALGOKI'IMD

4.1 In*roduction

To solve the problems posed in the precediny chapters t)le reed arose
for an efficient pole-placement algorithm and an algoritlm f.o determine
the condition number, % = iﬁf' M“ IM’1|| (where A =ML MY, with |
L= diag;[eigenvalues of A]) for at least some matrix norm," . " induced
by an absolute vector norm.

Investigation of the literature for pole~-placement algorithms
showed that, although a number of algorithms were developed previously3-6,
they all appeared to be rather complex and lengthy. The literature
search uncovered another fact, namely, that the solution of the algebraic
matrix Riccati equation still poses problems., Although pole-assignment
and RNiccati equation do not sppear to have much in common, it will be
shown later that a good pole-placement aslgorithm can be of great velue
for the solution of the steady-state Riccati equation.

Basically the algebraic matrix Riccati equation can be solved in
two weys: one is the use of successive approximation methods, the other
is the backwards integration of the time-varying matrix Riccati equation
until steady-state behavior is obtained. Backward integration can be
performed by direct numerical integration (e.g., Runge-Kutta or
Hamming--predictor-corrector-method) or by the automatic synthesis program
(ASP)T matrix iterative procedure; both procedures require disproportionally
long computation times, especially for low order systems (for ISt and and
order systems up to 1.5 minutes for a Fortran H compiled program on lhe

IBM 360/50), Several iterative procedures are available for the solution
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of the algebraic matrix Riccati equation. In order to conver:e ‘o a
positive definite solution, most algorithms, i.e., Kleinman's9 method,
requires such an initial guess P0 of the Kiccati matrix as to ensure
stabllity of the closed-loop system. Obtaining a stabilizing juess PO
is generally consldered difficult, especially for higher order sys'ems.
Man8 claims to have developed an algorithm which is not critically

dependent on the choice of the starting matrix P However, this

o
author's experience with Man's algorithm was, that good convergence was
achieved only for the examples presented in Man's paper. UIxamples, in which
the system to be optimized was very unstable, converged very slowly or |
not at all.

Since Kleinmen's algorithm is very efficient and exhibius quadratic
convergence, it would be a very valuable tool in combinetion with some
algorithm that automatically generates an appropriate starting matrix PO,
or an appropriate feedback gein matrix Go. Ash2 pointed out the usefulness
of & pole-placement algorithm to generate a valid initial feedback gain
matrix GO. Ash used results from the state-estimation theory to place
the closed=—loop poles of & controllable, single-input system arbitrarily
along the real-axis of the complex s-plane. The same results of the state
estimation theory will be utilized in the following sections te develop
a general pole-placement algorithm for multi-input systems, allowing
arbitrary pole assigrment in the whole s-plane, including multiple real
and complex eigenvalues.

The algorithm congists of three parts. In the first p#rt it is

shown how to place poles arbitrarily for a single-input cor.trollable

system. The second step describes a method of converting a multi-inpu*
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controllable system into a pseudo single-inputl. cont.rollable srstem. 'The
third step eliminates the problems involved with multi-input controllable
systems, that are not immediately transferable Lo single-inpu!. controllable
systems,and problems occurring if some of the specified closed-loop poles
coincide with open-loop poles.

The problem of finding the condition number X = ibr}if M l “M'lll for
some matrix norms induced by absolute vector norms, does not seem to be
deslt with in the literature at all. In the last section of this part a
simple algorithm will be presented to obtain the inf "nanuwfl“ for

M
the 'infinity' and the 'one’' norm.

4.2 Pole Placement and Initialization of the Iterative Kiccati Fquation

4.2.1 Relation between all-state feedback gains and Kleinman's
iterative solution method for the Ficcati equation.

Let the controllable linear time-invarient system be described by
x(t) = A x(t) + B u(t) (k.2.1-1)

where A is a (nxn) matrix and B & (nxm) matrix. All-state feedback of

the form

u(t) = ~Gg x(t) (h.2,1-2)
yielﬁs the closed-loop system

x(t) = (A-BG,) x(t) (4.2,1-3)

where the eigenvalues of (A-BGO) can be arbitrarily assigned3'5. Thus,
if the eigenvalues of (A-BGO) are pre~selected, the problem is to
determine a GO which yields the desired eigenvalues. The same problem
arises in Kleinman's iterative solution scheme for the algebraic matrix

matrix Ficcati equation.




Let the cost functional for equation (1) be riven by

J(u) = f Lx"() Q x(2) « u'(#) B u(e) at (h,2,1-4)
0
where Q and Kk are (n*n) and (m*m) positive definite matrices,

respectively, The control law, that minimizes (%) is well known'’10711

and is given by

u*(t) = -H'l BT P x(t) = - u; x(t) (h.2,1-4°

where P 1is the unique positive definite solution of the algebraic matrix

lkiccati equation

ATp+pa-PBRYBP+Q=0 (4,2.1-6)

To solve (6) for the matrix P Kleinmen’ suggested s successive
spproximation method. The (i + 1\3t iteration of the method can be

written as

-1

BTPi )TP -1 1.T

T - .
(A-BR Pi+l(A-BR B Pi) = ~P,BR "B Pi-Q (4.2.1-7

j+1 ¥

Kleinman showed that the method enjoys quadratic convergence and will

yield a unique positive definite solutlion if the starting matrix PO is

chosen such that (A-BR-IBTPO) = (A-BGO) is a stable matrix. Equation

(7) can be re-written as:

T
(A-Bci) Pip ¥ Pi+l(A-BGi) = <G

T ( -8)
1 RG,-Q 4,2.1-8

i
where

(4.2.1-9)




Thus, the Go computed for a set of stable eigenvalues of the closed-
loop system (3) can be used to initialize he Kleinman iterative

procedure.

4,2.2 Arbitrary pole-assignment for single-input syst.ems
Let the control input matrix B be the vector b. 'hen equation

(4.2,1-1) becomes

x(t) =Ax(t) +bu (4.2.2-1)
System (1) is assumed to be single-input controllablelz, i.e.,

Rank [:_b., A B, ses 3 An-l 3?-] =1 (’4-.2.2-2)

Let the pair (FT, Q) describe the nth order single-ocutput observable

system

z(t) = F 2(t) (4.2.2-3)

u(t) = b’ z(t) (4.2,2.1
System ((3),(4)) is observable if

rank [ b, F'h, ..., @ h]= n (k.2,2-5)

‘Let T be a non-singular similarity transformation such that

x(t) = T z(t) (4,2.2-6)
Subgtituting expressions (4) and (6) in equation (1) yields

T 3(t) = AT z(t) + b _iET z(t) (.2,247)

and since 2(t) = F z(t) it follows that

T F z(t) = AT 2(t) + B b’ 2(t) (4.2,2-8)
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and thus

TP - AT =bh (4.2,2-9)

Fquation (9) will have a unique solutionlB’lh

for T, if F and A have
no common eigenvalues. Furthermore, Luenbergerlh showed that T will

be invertible if b renders (A, b) controllable and ET renders (FT,E\
observable. But the latter two conditions are fulfilled hy assumption.

Thus, since the resulting T is non-singular (as assumed in eq. (H)),

equation (9) can be transformed to

L R S Y (4,2,2-10)
where

.§OT = - IlT Tt (h.2,2-11)

Equation (10) simply states that, since F and (A-b gOT) are

similar, they have the same eigenvalues. Hence, Ly choosing a matrix F,
which has the specified closed-loop eigenvalues, and an sappropriate
vector E?, equation (9) can be solved for T.

For mathematical and computational simplicity it would be advantageous
for F +to be a diagonal matrix. Theoretically this choice is always
possible, even in the case of complex eigenvalues, which have to occur
in conjugate complex pairs. However, the pure diagonal form is desirable
only for real eigenvalues. A complex diagonal matrix F would not only
complicate the numerical computations considerably, but also result in

complex gains £y since both, T and 'I"1

would be complex., Complex
feedback gains &5 cannot be implemented in practical designs. By

restraining F to be real, but still desiring the capability of complex




eigenvalues, F can no longer be purely diagonal; it will have non-zero

values on the super- and subdiagonel for complex eigenvalues.

1. Select a vector ET with no zero elements
2, Arrange the set of desired closed-loop poles in such a way that F
becomes:
r T
fl 0 0
° f2.° O
0 bRy fi-l
F = £y e | (4,2,2-12)
g %
O 112
'f
._ n |
where fl are the real and «j the imaginary parts of the
eigenvalues.
3. Solve equation (9), TF - AT = R’BT for T.
T -1
L., Compute g, via equation (11), &y =-h T,
The simplest way to proceed at step 3 is to solve equation (9)
sequentially.
Define:
] VRS
and:

Thus, T may be computed in the followlng way:

EHT ] S =[-§l’ 52, see 3 En]

(4.2,2-13)

(h.2.2-14"

R T B

Aoy s

A Rt WA A i
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Then, for any real elgenvalue f, of F, equation (9) can be broken down

to

(fI-A) ¢t =8 Vr with £ real (4,2,2-15)

For any pair of complex eigenvalues f; * j a,, equation /9) yields

[(fiI-A)2 + aiEI]-Ei = (fiI-A)gi + 8. (h,2,2-168)

1 1
Yip1 = - a; By + & (£;I-A)% (k.2.2-16b)

Hence, all n column vectors td’ J=1l,n, of the similerity transformation
T can be obtained by successively solving equations (i5) and (16),
regspectively, via Guassian elimination or matrix inversion.

Remarks o steps 2 and 3: 3

If it is desired to specify multiple real or complex closed=-loop ‘;

& it

eigenvalues F will have the following form:

Sofe

- - ?_
T3
£, 1
e |
'fip {
Fe T, %L (4,2,2-27) :
- f 0 1
aK K2
fx3 % 1
- £ 0
ak Kh‘
"f l
@, fue1 %
- f
% Ky
i " |
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The vectors Ei of the transformation matrix " corresponding to
multiple real eigenvalues fil are computed from
v
’
- — ( r
(fil T A)Ei = B, 4,2,2-18a)
and
(fi I - A)ti+a 1= i+d-1 - 314-,3‘-2 j=2,¥ (4,2.2+18p)

J
The vector £k+l-1’ {= l,u, corresponding to the multiple complex

« . .
eigenvalue fk,‘(i)aak is calculated from

[(f I-A) + o I] {f I-A)s, + O%5k+l (4.2.2-19a)
1 1l
tee1 = - & S 5 a-k—(fklI-A) . (4,2,2-190)

and

2 12
[(fk,2(5-1)+1‘*A) *O‘kI] Ber2( 3.0 i, 205-10 178 (B a0 521 Bre 22127

+ (g a5-1)01tea(3-201 (4.2,2-19¢)

1

Ye(3-000 T T & Eea(i-n Hee(5-)- o)

1
Formulas (19¢) and (19d' are valid for j=2, (g -1).
The second ind2x Jj of fk 3 defines that position of fk,j within
2

its associated Jordazn block and is needed to properly identify the

corresponding vectors Ek*d-l and £k+3-l' Clearly, fk 1= fk 2""=fk'




Although equation sets (18' and (19' look rather involved they are
not too difficult to program. Together with (15" and /1) they produce
an algorithm which is numerically very efficient.

L.2.3 Conversion of a multi-input system to a pseudo single-input

system

In the previous section the algorithm for arbitrary pole-assignment
in controllable single-input system was presented., As it stands the
algorithm will work and yleld an invertible matrix T, for multi-input
systems only in special cases, namely, if any one column Bi’ i=1,m,
of the input matrix B renders the pair (A, Bi\ completely controllable.
Also, if the multiple output system is given by é(t\ = Fz(t), u(tl=Hz(t},
then any one row h T

-3
observable. The latter requirement is eagily fulfilled, because H can

of the matrix H hes to render (FT, Ei) completely

be freely chosen by the designer. The condition on B 1is generally not
satisfied and the designer has no Influence on it.

Let the multi-input system, as in equation (4.2.1-1), be given by
x(t) = A x(t) + B u(t) (4.2.3-1"

If (A,B) constitutes a controllable pailr, then there exists a linear

feedback law3’5
u(t) = -G, x(t) (4.2,3-2)

that assigns an arbitrarily specified set of eigenvalues to the closed-

loop system

x(t) = (A - BGO) x(t) 'h,2,3-3)

T e un L b g
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The problem of finding GO for a ;riven set of elgenvalues is ,rencrally

non-linear and has many possible solutions. As already suzzested by

5

Simon and Mitter” one way to obtaln a linear solutinn, is Lo resirict.

the control u to the form

u(t) = o uf(t) + _qo(t) 'h,2,3-h)
where g 1is a m-vector, When only feedsack control is desired, let

30(1:‘ - 9 {hogog-s‘
and

w (t) = - g, x(t) (4.2,3-5"

f % Poind [N ]
Substituting equation (&) to (6) in (1) yields

X(6) = (A~ Bag™ x(t) '4.,2,3-7)

S8ince B 1s a (nxm) matrix aad @ a mevector define

up

4 Boa (h,2,3-9)

a n-vector. With equation (8) the closed loop expression .’/ can be
re-written to be

T

x(t) = (A -4 g,

Y x(t) (4.2.3-9°

When looking at equations (4) to (6), two questions arise inmediately:
First, is it always possible to express the feedback control as shown in
equations (4) to (6)? Second, how can the vector a be determined?

Simon and Mitter5 have already given answers to both questions.

It was shown in reference 5, that any controllable system can be converted

into & pseudo single-input system, as long as the similar Jordan canonical

.
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form of matrix A has at most one Jordan block associaled with the same
multiple elgenvalue. The algorithm developed by Simon and Mii.ter5 to
determine the vector O will not be repeated; instead & new one will
be presented. The new algorithm will convérge in meximally (n+1) gteps,
compared with (n2+1) steps of the Simon and Mitter meihod,

Before presenting the actual algorithm the following assumpiion
concerning the class of systems involved is made:
A. To ensure the existence of single-input controllebility of

system (1) 1t is assumed, that the similar Jordan canonicel

form of A has at most one Jordan block assoclated with eny

multiple eigenvelue.

To obtain a suiteble vector &, system (1) is transformed to Jordan

canonical form. Let

x(t) = M)z, (t) (4.2,3-10"

be & non-gingular transformation to Jordean canonical form, i.e.,

BB = M{l AN z(t) 4 Ml'1 B u(t) - (4.2.3-11)
where
?\l'
: O

~ 3 . N ; . . h. . '-

| Jlng b | BT ( 2312
| | L B V_ ~._0 l CoL e S e e T e e e e
o~ - Maa
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and D, 2 Ml'l B (4.2,3-13"
1 Y- 2

Matrix D, renders the pair (J 1’ Dl) completely controll..'usi,ble]'6 irfe

(1) none of the rows of D, corresponding to a simple eigenvalue
is zero; and
(2) at least the row of Dy corresponding to the last elgenvalue
in each Jordan block is non-zero,
Since the original system (A,B) was assumed to be completely controlleble,
so will be (J,,D,).
To avoid computation with complex numbers, all conjugate complex

eigenvalues "'i = My + Jui, M’i =y - J v, are transformed into
blocks of the form

r |
wy + 39y o
| (4.2,3-14)

|

0 Be = J W
i i
o

r

This transforms J 1

into the real-velued matrix D. A new set of state varisbles z(t) is

to & real valued matrix, defined to be J, and DJ.

obtained. z(t) and ._zl(t) ere related by the similerity transformation

M2’ i.e., _z__it) =‘M2: E(,t)". Again, for the pair (7,D to be controllable,

it has to fulfill conditions (i' end (2) mbove. Their meaning for the

transformed complex eigenva.lues is summrized in condition (33 ¢

| (3) “at least one of' the two rows of D carresponding to the 1a.st

c.on_;iuga.te c_omplex_ pair o_f each Jordan block of multiple

‘complex elgenvalues in matrix J is non-zero.

B Let the control u ‘be’ again restricted to ’che fom of equa.tion (’-L), and o

' ':Let EO 0 :i.n antieipation of a pure stu.te feedba.ck 1a.w. _ ‘I’hen equa.*ion (13,




becomes

TRl el S A S Al Al B T

z(t)

-.-ﬁJI\Mg(t) +IVT]Bguf
=J z(t) +Dau, (4.2.3-15

Having transformed the original system (1) to the equivalent similear

system (15) the computation of @ proceeds as follows:

(a)
(b)

(e)

(a)

Define & m=vector @' having all elements equal to one,
Define
t = D gv = D

gJ (k.2,3-10)

:I—l see | ol

Test QJ‘ for controlla.bility according to conditions (l\ to (3).

If these conditinns are met, define

a = &' ed g=eg (4.2.3-17)

a.nd the deaired vector @ is detemined. If the controllgbility-. _

:_'__requirements (1) to (3) are not gatisfied, vector d4' must have a

-J

; vzeroe:l.ement,» say in row Ky ‘'where it should have a non-zeroc value.

Scen row k of ma.trix D from 1eft to r:.ght. until e. non-zero

 element is found, say in column ,j(such & non-~zero element musf '

(o

'celum .J of‘mtrix D, m d.

exist, since (J .D) was assumed,..to_ be contrcllable'l SRR
VDetemine elanent of mallest, non-zero magnitude in vector d.',

o BeY elelnent ar ; Also determine elmnt of J.n.rgest mgniimde in'
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(f) Now choose

%
> T (4.2,3-18)
Iy
and define
4" = ¥ 4" + (col. j of matrix D) (4.2.3-19)
The new o' is thus given by
[ 0]
=¥ o + | (4,2,3-20
0
1 ,jt:n of m elements
0
0]
Thus 'QJ" has at least one zero~-element less than da,". |

(g) Again test (J, ga.") for controllability, Repeat the steps (d to
(f) until QJ(i) (L% ie n+l, n = order of matrix A) renders
(J, a (i)\ controlleble. ‘Then define

=
_q (1)
4, =4

and

(1)

Q=0

o Ha.ving determ:lned a vector o (one out of infinitely manyl for the
 system (3,D), a will also render the system (A,B) single—input controlla.'ble.'
Then by converting (A,B) :tnto a pseudo aingle-input system, the algorithm
_'presented in section h 2 2 can be used to detem:lna an. appropria,te

- feeﬂ;ba.ck vector 50 fer the arbitmry sesignment of the closed-loop

'-.-"_..'-_'-eigenva.lues of (A—-B o 50 h.
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4.2, Generalization of the pole-assignment algorithm.

Assumption A of section 4.2.3 excluded controllable systems, whose
Jorden cenonical form has more than one Jordan block associsted with the
same multiple eigenvalue, from the conversion to pseudo single-input
systems. Except for this case, the algorithm does not exclude systems
having miltiple eigenvalues. However, numerical considerations make it
preferable to deal with systems having distinet eigenvalues only. Finding
the transformation to Jordan canonical form of systems with multiple
eigenvalues is computationally very difficult,

Although actual physical systems very rarely have multiple eigenvalues15
it would bhe desirable if the algorithm of the previous section could
handle them with the same numerical ease as systems with distinct eigen-
values. To make the elgorithm of section 4.2.3 applicable to all controll-
able systems (even those previously excluded by assumption A) and facilitate
the computation of the similerity transformation to Jorden canonical
form for systems with mnltiple eigenvalues use is made of the following
"well—known fact3
If the peir (A,B} is controllsble, so is (A~B G s B), where
Gm 1s,an.(m x n) matrix.

In order to find'the.eigeﬂvecﬁofe of A; if ie.neeeeeef& ﬁo firsﬁ
. determine its eigenvalues,l If TA.-hae.multiple_eigenya;ues,;someg
.e afbitrary'matrix Gr can be chosen as feedback,gain matrix., If 'ﬁm is

- “arbitrary enough, i.e., its elements hawe different mlgnitudes, the closed- |
e'loop mamrix |




h 3 Computa,tion of xX= inf'M' I M “

- for a ma,trix nom || II induced ‘Dy a.n a.bselute vecter norm. 'owever,

is very likely to have distinci eigenvalues, If Al has s8till some

multiple eigenvalues, form

Ay = Al - B G = A-2B Gm

and continue until A:l. = A-1 B Gm has distirct eigenvalues. This matrix
A; 1s then used to find a pseudo single-input system (Ai, d) for wuich
gy can be determined eesily. The final gain-matrix Gy has to be
adjusted.

. T
Gy = i G, + & & (h.2.4-2)

Equation (4.2.2-9), TF - AT =} _IET,_ was guaranteed to have e unique
solution for T only if F and A have no common eigenvalues, i.,e., if
none of the pre-specified closed-loop eigenvalues coincides with an open-
loop eigenvalue. TIf it is desired to have aoxﬁe open and closed~-loop eifene
values In common, an a.rbitra.ry feedback Jloop is _designed for A to obtain
e matrix Al‘ which doee not. have eigenvalues in common with TF. The
design of the feedback loop is done in the same way as in the case of

multiple eigenva.lues .

Literature 7 ie only concerned with detemining the condition number

T fer_some fixed given.mtrix. A. In this case it is easy to f':.nd the |

condition number

- :w A' "A'lu o R @.3-1‘

"__'given a. mtrix A it is genera;lly difficult to aetemine the inﬁ.mum of




the condition numbers for the set of matrices M which transforms A to
diagonal form, i.e.,

A=MLM?T (4,3-2)

where L = diag [eigenvalues of A] .
Since the matrix M is non-unique, MB =M diag[{ﬁi}] (where fsi £ 0)

again transforms A to diagonal form L. Knowledge o” the condition

number of the matrix M is very useful in obtaining 'boundslh on the
magnitude of the eigenvealues of A and on their changes with respect lo
perturbations of A. To derive as saccurate bounds gg possible requires

the determination of

x = me | wll ' (.3-3)

This author was not able to derive an algorithm by which ¢ as

defined in equation (3) could be computed, 1rre_apective_ of the type of
absolute vector norm inducing the matrix norm " ’ “ « To come up with
some -results- at all, a.ttention had to be restricted to the 'one' and

the 'infin:lty norm The 'one' norm of & vector x :ls defined 10 be

ux.l £|x| __ | R | (L3..Ln

and the 'infinity’ ‘norm

lxnm 11n ():lepv ,_5=m| ol s

pwe
. These two '_‘vﬁqq_tgr norms -:.-'_:lndue_g_, the’ ma_:brix norms

N




and
Mx n
bl - s‘ipo_!ﬁ% Y Y, Imgd (4.3-7"

i.e., ' Mll is the maximum absolute column sum and
|| M' o 18 the maximum absolute row sum,

To compute X for a given similarity transformation M proceed as rollowa:
(a) 'One' norm:
) Obtain the matrix Mﬁ ‘[Eﬂl’ Day? *** 2 !-'Bn] by normalizing

the colums of M, l.e.,

- : Imiikl (4.3-8)
=1 = y f k=ly .3-

L%, ) for kel

J=1 =1 3 | myy

J=l1

-1

B) Scale N#M appropriately to yleld NB = Mﬂ'l where

Mspia' =1 end N [‘51"%"""‘3]

$ Then xl.:__iﬁf Wully Wotll, s given by

. _ .(b:') 'Infinit.y' norm: : o
) Define Q.e M [ 31’ 32: ey Sn ] L Obta.in the. ma.tr:lx

qB MB by noma:l.izing themsof M | :i. _eu N

3 l%,.,kl Z Lial
=1 k=l |q‘dk'

_ for J#l,n




29

B) Scale R® M appropristely 5 yield i = My, where MBMB']' =1
Rl RN &
%) Then X, = inf “Mnm II M-llu; 18 given by
X, =ma.x Z | 5 (k4,3-121)
kml 3“

In the following a proof will be given, thet expression (11) reslly
is the inf ll M" 00 " M'l " " Assume that all but one absolute row sum

M -1

of matrix Q=M equal one., Let the .jt'h row be the row with an

abgolute row sum not equal to one,
1. Assume ﬁi |q3k| = d,>1, Then ||¢:,z||m =d,
Let the greatest a.bsolute row sum of matrix R =M occur in row (,

ten R ) = k|>o. Thus ||M'1||oo e

Ialle v “oo = 5 le (4.3-12)

If now the ;jth row of matrix Q = ML is normslized such that its

absolute row sum is

Z |"ajk| Z "ﬂ'— (4,3-13)

ksl
men | ] -
Due to the scaling of Q = M'l, the matrix R = M has to be scaled,
too. In this case the j ° columm of R has to be multiplied

by d,. Thus the nomm of Ry 1s given by
n

LYY AR %h‘J (4.3-1h"




‘0

The equal sign holds, 1f the lth row of lf.‘3 8iill yields the

greatest absolute row sum. If a row other than row ( yilelds the

largest row sum, ' RB Nm can be bounded above by
n
EONEMEY LY 315
SAENET I
Thus n Mélum " M6 "m is bounded by

n n
1 51' z l",kI?“M-la“m “ Mﬁlao; M‘l'”kj' * z 'rl.kh (4.3-20)
ke,

A cozparison of expressions (12) and (16) gives

1l ol Bl 1l

Following a similar line of reasoning as in case 1, leads to an
expression which is identical with inequelity (17). The new

expressions corresponding to relations (12) to (17) are noted below

without comment.

n

aermlct o Nl = Felg Haly =3 | ]
ksl

ﬂﬂ*“%'m = 1 (4.3.19)

n
ERY 5 D X EXN IR N I (4,3-20

k=l
k3




n
(15) =» z | r,.kl ;“Rﬂ “oo (h, 421"
k=l

Tl

n
(16) > 1+ z | v | 207N L RSP AP z | ve ) 4. 3.22°
Kl k=l
k#j

Thus l M'll o HM“.;lMB'll o ' Mb'oo (k,3-23)

Inequalities (17) and (23) show that the condition number of the mafirix

M'l, when it is not normalized, is always larger than or equal to the

condition number of the normslized matrix Mﬂ'l.

Q.E.D.
Similar proof can be given for expression (L.3-9,

4.4 Numericel Exsmples for the Pole-Placement Algorithm

A Fortran IV computer program wag written to mechanize the algorithm
presented in section 4.2, A listing of the program can be found in
Appendix B. The program was written in such a way as to ellow either
pole=placement or pole-placement and golution of the algebraic matrix
Riceatl equation. The subroutine to solve the Riccatl equation is based

9 iterative solution technique.

on Kleinman's

‘If the computer program is used only to determine feedback gains
for the pole-assigmnment task, about 80% of the computation time is spent
on checking the controllability of the pair (A,B) and converting it to
e pseudo single~input system. Thus, if it is known that every column

b, of the matrix B renders (4,b i) controllable the conversion step

-]
can be omitted.

The following pages present 11 examples. Each of them is run through

all steps of the program. These steps are:




1., Check for multiple eigenvalues or common open- and clocede

loop eigenvelues.

2, Conversion !0 a pseudo single-input. systiem,

3. Determination of feedback galns to assign desired pole-

locations.

4, Check of closed~loop eigenvalues.

5. Computetion of Riccati matrix.

6. Backsubstitution of solution into matrix niccati equation.
Steps 4 to 6 are optional.

After the program was debugged it never failed to determine a set
of appropriate feedback gains, whether for distinet or multiple real or
complex eigenvelues. The results are very accurate a8 can be seen from
the following exampleg. The computer print-put gives all necessary
information for easy understanding; the notation is the same as in the

previous sections.

h2



SYATES » 2

A~ SYSTEM MATRIN
0.2€0000000 01
=0.300000000 0)

8 = [NPUT NATRIX
0.5%00000000 QO
0.0

INPUTS # )

0.¢
~0+600€00000 01

DESIRED EIGENVALUES OF TA - BeG<C

=1.00000000
=6.,00000000

MATRIX SINV,
0300677910 00
0.10000000D0 01

MATREIX SINVE .
P«19033894D 00
0,5%00000000 0C

0.0
0.0

Q0.100¢c000D 01
=0.126092640 00

VECTOR ALPHATTRANSS SVECTCR D # BPALPHAS,

0.100000000 01

VECTOR DETRANSC.
0.,1"233894D 00

0.500C00000 0O

DIAGINALIZED MATRIX Ay OR DIAGONALIZED MATRIX SA-BSIGC IN THE CASE
OF MULTIPLE EIGENVALUES AND/OR COWMON OPEN- AND CLODSEC-LOOP EJGENVALUES,

-0.63806779D 01
0.0

G = GAIN MATRIX
0,600000000 01

T = SOLUTION MATRIX

0.3%3745310-04
~0. 173570260 00

0.C
0.18806779D O1

=0.,222064600~-15

0.500¢€00000 00
=0.,634463180~01

COMPUTED EIGENVALUES OF %4 - B9G<C,

«1.00000000
=6.00000000

MATRIX Q .
0.200000000 Ot
0.0

MATRIX R .
0.40000000D0 00

GATN TOLERANCE .LE.

MATRIX RITINVERSES o

0.250000000 O}

RICCAT] MATREIX P

V694364920 Ot
~0.%98064220~-01

0.0

0.0
0.200C00000 01

0.56011450~06WAS ACHEIVED AFTER

=0.590864220-01
0.16667908D DO

5 IVERATIONS,

RESIDUAL MATRIX. MATRIX 1S5 ZERC, IF MATRIR # IS ACCURATE.

=D FH25 16960~ 1
~0s6319944480=1)

«0.631439350-13
0.455148070-15

P T I P

4
|
]
E




STAVES # 2 Inputs ¢ )

4 = SYSTEM MATRIR
0100000000 01 0.100CC0000 01 .
0.0 0.100000000 01

8 = INPUT MATRIX
0.0
0.100000000 01

DESIAED EIGENVALUES OF SA =~ BeG<
=%.00000000 0.0
=-7.00000000 0.0

MATREIX SINV.
0.58%706440 00 0.100000000 01
0.100000000 01 0.29289322D0 00

NATREX  SIENVeS
0.100000000 O1
0.292893220 00

VECTOR ALPHASTRANSS TVECTCR O # BOALPHAC.
0.100000000 01

VECTOR DETRANSC,
0.100000000 O1 0.292893220 00O

DIAGONALIZED MATRIX Ay OR DIAGDNALIZED MATRIX SA=BSIGC IN THE CASE
OF MULTIPLE EIGENVALUES AND/OR COMMON OPEN- AND CLOSED-LOOF EIGENVALUES.
~0e.24142136D OL 0.0
0.0 0.41421356D 0O ) .

G ~ GAIN MATRIX
0.480000000 02 0.140C0C000 07

¥ = SOLUTION MATRIX
=0.384729%40 Q0 =0.218065100 00
~0.5640970940-01 =0+39504287D-01

COMPUTED ET1GENVALUES OF TA -~ BoG<,

=7.00000000 0.0
=5.G0000000 0.0
MATRIX Q «
0. 100000000 O} 0.0
0.0 0.100C00000 O}
MATRIX R .

0.500000000 00
GAIN TOLERANCE .LE. 0.8752378D-07WAS ACHEIVED AFTER B ITERATJONS,

MATRIK REINVERSEL .
0,20000000D0 01

RICCATI MATRIX P .
D. 8945646480 Ol 0.307338070 O1
0.307338070 OL 0.245534670 01

RESIOUAL MATREX. WATRIX 1S ZERO, 1F MATRIX P 1§ ACCURATE.
-0.145661260-12 -0.%1292304D~13
~0.512923040-1% «0al42 108550-13



STATES # 2 INFUTS &

A = SYSTEM MATRIX
0,.500000000 Ol
~0.100000060 OL

B = INPUT NATRIRX
0.10000000D0 00
0.0

0.200000000 01
0.300C00000 01

DESIAED EIGENVALUES DF TA -~ B9G<

=~5.00000000
=7.,00000000

MATRIX SINV.
0.100000000 01
=0.100000000 01

MATRIX SiNves .
0.100000000 QO
=0.100030000 00

VECTOR ALPHATTRANSS SVECTCR D # B®ALPHAC,

0.100000000 01

VECTOR DITRANSC,
0.100000000 00

©0.200C00000 01
G.0

=C.100C0000D0 G0

DIAGONALIZED MATRIX A, OR DIAGONALIZED MATRIX TA-B#ZIG< IN THE CASE

OF MULTIPLE EIGFNVALUFS AAC/OR CDMMON OPEN= AND CLOSEC-LOOP

0.40000000D0 01
=-0.100000000 01

G = GAIN MATRIX
0.20000000D0 O3

T = SOLUTION MATRIX
-0.121951220-01
0.97560976D~02

0.100C00G00 O1
€.400C00000 01

-0.780€00000 03

=0.983560656N=-02

0.819672130~02

COMPUTED EIGENVALUES OF TA - BeG<C,

=7.,00000000
~%. 00000600

MATRIX O ,
0.800006000 00
G0

MATRIX R .
0.%00000000 00

GATIN TOLERANCE .LE.

MATRIX REINVERSES o
0.20000000D0 0%

RICCAT] MATRIK P .
0.800079400 03
~0.240047350 0%

0.0
0.0

0.C

0.800000000 00

0,52252930-07WAS ACHEIVED AFTER

=0.26006 7350 04
0.208CT 7580 0%

S ITERATIONS.

RESIDUAL MATRIX. MATRIX 1% ZERD, IF MNATRIK P [$ ACCURATE.

«“Ne®30655T460=10
0.6093614506~-10

0.59117150D~10
C.1T4622980-09

EIGENVALUES.

e s e




STATES ¢ 2 INPUTS & )

A = SYSTEM MATRIX
=0.200000000 01 €.300€00000 01
0.100000000 0O} 0.100000000 01

8 = [NPUT MATRIX
o.o
N.100000000 01

DESIARED EIGENVALUES OF %A - BeG¢
'3-00030000 0.0
-6-00000000 0.0

MATRIX SINV.
0.10000000D0 01 -0.79128785D 00
0.283762620 00 0.100€0000D0 0}

MATRIX SINVeB .
~0.79128785D 00
0. 100000000 OL

VECTOR ALPHASTRANSC SVECTCR D # BeALPMAL,
0.10000000D O}

VE“TOR DITRANSC,
-0.7912867850 00 0.100CCC00D 01

DTAGINALIZED MATRIX Ay OR DIAGONALIZED MATRIX ZA-Be2G< IN THE CASE
OF MULTIPLE EIGENVALUES AND/OR COMMON OPEN~ AND CLOSEC-LODP EIGENVALUES.
=0.27912878D 01 0.0
0.0 0.17912878D 01

G ~ GAIN MATRIX
0.200000000 O1 €. 700C0001D 01

T = SOLUTION MATRIX
0.37912878D0 01 0.358257570 00
=0.2008712L5D 00 ~0.,147247480 00

COMPUTED EIGENVALUES OF T4 -~ BsG<.

=5.,000C0M00 0.0
-3.00000000 0.0
MATRIX Q .
0.100000000 01 0.0
0.0 C.100C0Cc000 O1
MATRIX R .

0.500000000 GO

GAIN TOLERANCE .LE. 0., 82324680=-0TWAS ACHEIVED AFTER 5 ITERATIONS.

MATRIX REINVERSEC .
0.20000000D0 01

RICCAT] MATRIX P&
0.)8A2940610 00 0.6158049%0 00
D.615006493D0 00 0.21116497D 01

RESTNUAL MATRIN. MATRIX 1S ZERQ, IF PATRIX P 15 ACCURATE.
“Da®IR2]2900~14 -0.162092560~13
-0.1%59872120~-1) ~C.528468160-13




.'n"-:

EisLain
e |

STATES # 3 INPUTS @ 2

A - SYSTFM MATRIX

=-0.300000000 01 0.Cc - 0.%5000Cc000C 01
0.170000000 02 0.200cccoon o1 -0.500000000 01
0.0 0.100CC000D0 O1 0.0

B ~ INPUT MATRIX

0.0 -0.30000c00n 00
0.0 c.0
0.15000000D 02 0.C

DESIRED EIGENVALUES OF TA - BeG¢

=20.00000C00 0.0
-10.00000000 . 5.00000000
=10.00000GC00 =5.C0000000

MATRIX SINV.

-0.125726360 01 =0.27966999D 00 0.200000000 01
=0.11691541D 01 0.21828704D CG 0.0
0.10000000D0 01 0.405174590 00 0.7649%6670 00

MATRIX SINVeR .

0.30000000D 02 0.37717908D0 00
0.0 0.350746230 00
0.114743500 02 -0.300C0Cc00D 00

VECTOR ALPHATTRANSC TVECTCR D # BSALPHAC,
0.100000000 O1 C.100CCO00D 01

VECTOR DITRANS<.
0.30377179D 02 0.35074623D 00 0.111743500 02

DIAGONALIZED MATRIX A, COR DIAGONALIZED MATRIX TA-B®*ZG< IN THE CASE
OF MULTIPLE EIGFNVALUES AAC/OR COMMON OPEN- AND CLOSED-LQOP EIGENVALUES.

=0.24439840D0 01 0.34686028D 01 0.0
-0.34686028D0 01 -0.244398400 01 0.0
0.0 0.0 0.38879680D 0O1.

G = GAIN MATRIX
0.109336870 02 0.42804852n 01 0.28186737C 01
0.10933687D 02 0.42804852D 01 0.28186737D0 01}

T = SOLUTIDN MATRIX

-0.16614961D 01 -0.143688500 01 ~0.419265650 01
=0.34824621D0 00 0.416083850 00 -0.169573320 01
=0.447781520 00 -0.45584379D 00 -0.96B721190 00

COMPUTED EIGENVALUES OF TA - Be*G<.

-20.000C0000 0.0
-10.00000C00 5.00000000
=-10.000c0000 =-5.0000C000
MATRIX Q .
0.10000000D 01 0.0 0.0
0.0 C.800C0000D 0O 0.0
0.0 0.C 0.40000000C 00
MATRIX R ,
0.400000000 00 0.0
0.0 0.5c0CcoooD 00

GAIN TOLERANCE .LE. 0.3704930D-04WAS ACKEIVED AFTER & ITERATIONS.

MATRIX REINVERSEC .
0.250000000 01 0.cC
0.0 0.200cccoop ol

RICCAT] waTRIX P .

0.17554R8320 01 0.A2R71120D 00 0.179325020 00
0.828711200 0O C.4b6leBb698D 00O 0.68T75734C-01
0.17932502p 00 0.68775734D-01 0.51634691C-01

RESIDUAL MATRIX. MATRIX IS ZERD, IF WATR[X P 15 ACCURA
-D.1483394TD-08 =0.1287)618D-p8 -p.246221A
-0.12873338D-08 ~0.476039H7D-09 -0.9A
-0.2662226TD-0R ~0.583871600D-09 ]

i
§




STATES » 3

A = SYSTEM MATRIX
=0.50Ca00000 00
0.0
0.50000000D 00

8 = INPUT MATRIY
0146000000 02
0.40000000D 00
0.260000000 01

InPUtrsS 8 2

=C.100C0000N O}
=0.200C0000D0 0Ol
«C+100C00000 Of

0.540C0C000 01
-0.400C0000D0 OO0
0.740CC0000 01

DESIRED EIGENVALUES OF TA = 89G<

=1%.00000€00
-3,00000000
~3.,00000000

MATRIX SINnV.
=0.200000000 00
0.10000000D 01
=0.992960450~-21

MATRIX Sinves .
0.44408921D~15
0.120000000 02
0.400000000 0O

0.0
2.00000000
=2.00000000

0.800C00000 00
0.111022300~15
C.100C00000 O1

0.4C0C00000 01
=0.200000000 01
~0.400000000 GO

=0.25000000C 01
0.0
-0.3%000000C 01

0.10000000C 01
-0, 100000000 01
=0.9929%1130-21

VECTOR ALPHAZTRANSS SVECTCR D # BwALPHAL,

0.30000000D0 01

VECTOR DETRANS<.
0.12000000D0 02

DIAGONALIZED MATRIX Ay OR DJAGONALIZED MATRIX EA~B®ZGK IN THE CASE
OF MULTIPLE EIGFNVALUES AND/OR COMMON OPEN- AND CLOSEC-LOOP EIGENVALUES.

-0.300000000 Of
0.0
0.0

G = GAIN MATRIX
0.405000000 01
0.270000000 01

¥ ~ SOLUTION MATRIX
=0.10000000D0 01
~0.22857143D0 01
=-0.307692310~-01

0.200C00000 01

0.320C0000D 02

0.0
~0.100C00000 01

a.C

=-0.48270000D0 03
=0.321600000 03

0.600C0C00D 01
=0.21844748D~11
0.800C00000~01

CONPUTED EIGENVALUES OF Ta ~ BeG<,

«15.000C0000
-3,000C0000
-3.000€0CaD

MATRIX Q@ .
G. 100600000 01
0.0
0.0

MATRIX R .
0.40C0000000 00
0.0

GAIN TOLERANCE oLE.

MATRIX REINVERSES .

0.250000000 OL
0.0

RICCATI waATRIX P .,
0. 43641 1820-0)
=0.587640210-02
=0.1110083129p-01

0.0
2.00000000
=2.00000000

0.0
c.ecacooood a0
0.0

0.C
0.500C0C000 0O

0.32166330-04WAS

0.0
0.200C00000 01

=0 .502 64021002
0. 197695970 00
0.440N07%82D0-02

0.40000000D 00

0.0
0.0
=-0.200000000 01

0. 75000000C 00

0.500000000 00

=0, 60000000C 01
=0.160000000 02
~0.240000000 00

0.0
0.0
0, 400000000 00

ACHEIVED AFTER 17 ITERATIONS.

=0. 130831 290-01
D« 4%0ORTHRET~02
0.4%112672C-01

..4‘
AESINUAL MATRIR, NATRIXN 15 ZERD, IF WMATRIX P IS ACCURAVE.

=D-Bhennninn-14
O30 an29n-12
0.2%Y% 11901 )

033102 N~ 2
LU RN TSYLFF LIRS |
P TRT YAt LLTiEd ¥4

0.250In79%0=~§2
~N 9974480~ 7
“0.4tans0 L~}
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STATES 8 &

A = SYSTEM MATRIX
=0.,3C0000000 01
0.0
G.0
0.50000000D0 03

B = INPUT MATRIX
0.50000000D0 00
0.0
0.0
0.0

DESIAED ELGENVALUES OF

=10.00000G00
=10.00C00000
-12.00000000
-12.006000600D

MATRIX SINV.
0.100000000 OL
0.200000000 01
0.277155576D-16
0.100000000 01

MATRIX SINV®D .
0.500000000 00
0.10C000000 01
0.138777880-16
0.%0000000D0 0O

VECTOR ALPHATTRANSS SVECTCR D # BeALPHAL.

0.100000000 01

VECTOR DETRANSC,
0.61047164D 00

INPUTS 8§ 2

0.150C0000D 02
0.1C0COCO0D 01
0.100C0000D 00
0.700CC000D O3

0.0
0.0
0.0
0.200€00000 O1

SA -~ BeG<
5.00000000
=%.00000000
2.00000000
-2.00000000

0,651502280 00
-0,30077983D 00
€C.12062045D 01
~0.864157220 00

0.11047164D0 00
-0.186720940-01
-0.185862200 OO
=0.525995440-01

0.100C00000 01

0.98132791D 00

0.10000000C 00
0.100000000 O1L
-0.200000000 00
-0.300000000 01

n,236069370-01
-0.602822956C-01
-0.164535540-01

0.429631850-01

-0.18586220C 00

0.0
0.1000C000D O1
0.3000CC00D 02
0.0

0.552358190-01
=D+.933604680-02
-0.929310990-01
-0.262997720-01

0.44740046D Q0

BIAGINALIZED MATRIX Ay OR DIAGONALIZED MATRIK SA-8¢IG< IN THE CASE
AND/OR COMMON OPEN- AND CLOSEC-LODP EIGENVALUES.

OF MULTIPLE EIGENVALUES

G.24617910D 02
0.0
0.0
0.0

G - GAIY BATRIX
0.735864850 02
0. 735804850 02

0.0
~0.933401170 01
~0.232327750 02

0.0

0.247643960 02
0.26764396D 02

0.0
0.23232775D 02

=0.533401170 01
0.0

0.262437280 00
0.262437280 00

o.o

0.0

0.0
=0.16149086D 02

0.250337880 01
0.250337800 01
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T = SOLUTION MATRIX

-0.147792210-01L -0.19769182B-01
~0.248923430-01 -0.96020017D0-02
-0.35173178D-01 -0.45687674D-01

0, 754074563D0-01 0.818927990-02

COMPUTED EIGENVALUES OF TA - Be(<,

=10.000000018 $.000C0000
=10.00000001 -5.00000000
=11.99939999 1.99999999
-11.99999999 -1.99999999
MATRIX Q &
0.500000000 00 0.0
0.0 0.500¢0C000 00
0.0 0.C
0.0 0.¢
MATRIX R .
0. 400000000 0D 0.0
0.0, 0.400CC000D0 00

GAIN TOLERANEE .LE. 0.08079030-04MAS

MATRIX REIMVERSECS .
0.250000000 Ot 0.0
0.0 0.250C00000 01

RICCATI MATRIX P,
0.79939851D 02
0.490245060 02
0,200211880 O}
0.4869340720 01

0.49024506D 02
0.371292500 02
0.133808840 O1
0.29013006430 01

ACHEIVED AFTER

=0.157139590-01
=0.213500400-01
=0.347006246C-01
0.1296%54110 00

0.0
0.0
0.50000000C 00
0.0

0.200211880 O1
0.133808840 01
0.848540550~-01
0.14015441D 0O

RESIDUAL MATRIX. MATRIX IS ZERO, IF MATRIX P IS ACCURATE.

=0.1169%0460-06
=0.10767351C~-07
-0.31016853C-08
=D.106562360-07

-0.509910500-05 ~0.20932569D~-08
-0.209325820-06 =0.93814108D-07
=0-11693046D-06 -0.107873530-07

=0.444546850-08 -0.247765870-07

=0.175296810~v1
=0.1 1155480-01
=0.393955840-01
0.453245730~01

0.0
0.0
0.0
0.5000C0000 00

9 ITERATIONS.

0.469340720 01
0.290306430 01
0.140154410 00
0.30787147D 00

=0.4445456030-06
=0.247765040-07
~0.106562350~-07
=-0.3925%59930-07

ol
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STAT®S & &

A =~ SYSTEM MATRIX

0.0
0.0
0.0
0.100400000 01

B = INPUT MATRIX
0.0
0.0
0.0
0.100000000 01

INPUTS & 1

0.100C00000 01
0.0
0.0
0.200C00000 OF

DESIRED EIGENVALUES OF TA - 8#G¢

-2.00000000
~2.00000C00
«2.00000000
~2.00000000

MATRIX SiNV.
0.211299170 Q0
~0.8611236560-02
~0.793219330 00
0.30666454D 00

MATRIX Sivves
9.100000000 01
~0.479293330 00
0.710312160~01
~0.,218992540 00

VECTOR ALPHATTRANSC TVECTER D # BeALPHAC,

0.,100000000 01

VECTIR DETRANSC,
0.10000000D0 01

2.0C000000
-2.00000000
2.00000000
=2.02000000

0.467245690 00
0:127161720 O
=-0.142333280 01
0.906145270-01

-0.47929333D0 00

0.0
0.100000000 01
0.0
0. 300000000 01

0.73262615C 00
0.200000000 01
0.0

0. 100000000 01

0.710312180-01

0.0
0.0
0.100000000 01
0.400000000 01

0.1000C0000 01
=0.479293330 00
0.710312140-01
-0.21099264D0 00

-0.218992640 00

OIAGONALIZED MATRIX Ay, OR DIAGONALIZED MATRIX SA-BeIGS IN THE CASE
OF ML TIPLE EIGENVALUES AND/DR COMNON OPEN- AND CLOSED-LCOP ELIGENVALUES.

D.47320262D0 01
0.0
0.0
0.0

G = GAIN WATRIX
0.650000000 02

0.
-0.831313730-01
-0.605'19400 0O

C.0

0.880C0000D 02

0.0
0.605119860C 00

~0.831313730-01

0.35000000C 02

0.0

=0.56638351D 0D

0.120000000 02
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T ~ SOLUTION MATALX

~0.959414080-01 ~0.17703092D0 00
0.91538753D0-03 0.250444170 G0
-0.3858560840-01 0.17443473D-02

~0.2064827400-01 0.12417873D 00

CIMPUTED EIGENVALUES OF SA - BoG<.

-2.00003549 2.00004765
=-2.00003549 - =2.00004745
=1.9999%4451 1.99995235
~1.99995451 ~£.9999523%
MATRIX Q .
0.4600000000 00 0.106000000 00
0.100000000 00 0.800C00000 0O
0.0 0.0
0.0 0.0
MATREX R ,

0.200000000 00

NORE THAN 15 LOOPS FOR EIGENVECTOR OF -0.20000 O1 0.20000 01 DIFFERENCE DF 0.3240E-07

ELGENVECTOR ERAOR NESSAGE
Sd1=0.7684h~-09 11ERs 5

NORE THAY 15 LOOPS FOR EIGENVECTOR OF -0,.20000 01 0.20000 O! DIFFERENCE DF 0.3240E-07

ESCENVECTOR ERADR MESSAGE
SH1=0.76940~-09 1¥%Rs 1S

-0.101858518 00
~0.6095456430-01
=0.68900:790-01
-0.663469620-01

0.0
0.0
0. 40000000C 00
0.10000000C-01

DiF=0.32405-07

DIF=D,324DE-07

-0.2C5083110 OO
0.319371920 00
~0.721479620-02
0.146813670 GO

0.0
0.0
0.10000000D-01
0.900000000 00

GAIN TOLERANLE .LE. 0.29583050-04WAS ACHEIVED AFTER 19 ITERATIONS.

BATRIX REINVERSECS .
0.500000000 01

RICCATE MATRIX P .

0.184663520 01 0.26416056D OL
0.2641608560 01 0.649474%6D 01
0.1814056740 0L 0.54670284D 01
0.4600000000 00 0.15733176D 01

0.1814056740 01
0.54678284C 01
0.660918632C 01}
0.22208428C 0O}

RESIDUAL MATRIX, MAERIX [S ZERD, IF MATRIX & IS ACCURATE.

-0.81752671C-09
=0.12%110730-07
-0.21582022C-07
=0.359341340-00

~0.248465070-10 -0.484220890-09
-0.48422111D-09 -0.729845880-08
-0.817526710-0% -0,125110730-07
-0.101929130~09 -0.205045230~08

0.6006L000D0 GO
0.15733176D 01
0.,222084280 01
0.2107033V9 ot

-0.101929800-09
-0, 205045230-009
=0.359341 710-08
-0.51989346D-09

el
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STATES & o

A = SYSTER MATRIX
0.0
0.0
0.0
-~0.750000000 01
0.0
0.0

8 = INPUT MATRIN
0.0
0.0
0.0
0.150000000 02
0.0
0.462%00000 01

INbUTS & 2

0.C
0.0
0.C
.0
0.0
-0.925C00000 01

0.0

0.t

0.0
=0.750C00000 02
0.0
0.13875C0000 02

DESIRED EIGENVALUES OF TA - 8¢G<

-1.000CO0C00
=-2.00CC0C00
=3.00000G00
=3,00C00000
=5.00000000
~5. 00600000

RATRIX SINV.
0.236711850 0D
0.487839110 0O

=0.134378620-01
0.284980730 0
0.100000000 QL
=0.641136350 00

MATRIX SINVeD .
0916338430 01
G.A03I0004650 00
0.30781952D0 01
0.323034320 00
0.2143524%70 00

=0.155182700 00

VECTOR ALPHAZTRANSS SVECTCR D # BeALPRAC,

0.10000000D 01

VECTOR URTRANSC,
0143707830 02

0.0

0.0
1.000C0050
-1 .00000000
0.0

0.0

0.30691793D 00
0.102903330 0O
0.3557465900-01
0.8039589430-01
=0.5594855%31N 00
0.1cocccooD ol

€.520737870 O1
~0.129784500 00
0.50t79C00D~01
0.145090280-01
«~0.93344493D-01
0.16610418D 00

C.1C0CC000D 01

0.673216150 00

0.0

o.o

0.0
-0. 113000000 02
3-500000000 ol

0.601452900 00
0.12003981C 01
0.17569219C Q0
0.11054756D0 0O
=0.31474008D 00
0.514880600 00

0.31483742C 01

0.0

0.0
0.1000CM000 O}
-0.450000000 O1
0.0

0.0

D.424433790 00
0.48357837D0-01
0.176082930 00
0.1810827410-01
0.1402£7030-01
-0.120314720-01

0.337543340 00

OIAGINALIZED MATRIX A, OR DIAGONALIZED MATREIX ZTA-~-BeZG< IN TME CASE
JF NULT . PLE EIGENVALUES AAND/OR COFMON OPEN- AND CLOSEL-LOOP EIGENVALUES.

-0.%21589330 02
0.0
0.0
0,0
0.0
0.0

0.0
-0.213835530 01
-0.9118685730 01

0.0

o-o

0-0

0.0
0.911685730 01
-0.21383553D 01
0.0

0.0

0.0

S A RS L g g e e e s o 5 T et

o.o

0.0

0.0
=0.1612014630 01
0.0

0.0

0.100CC0000 01
2.0

0.0

~0. 155000000 02
0.0
0.0

9. 100C0000D Gl
0.200C00000 01
-0.277535740~16
0. 150000000 01
0.90434053 00
-0.339273410 00

0.121C0797D0 OO

Q.0
~0.319352740 D0
0.0

0.40473024D 00
O.1670€55330~-01
0.987970090-01
0.100742040-8]
0.854470480-02
0.548797420~02

0. 109214820-01

=-0.382797130 00
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G =~ GAIY MATRIX

T = SOLUTION MATRIX

0.400981660 02
0.39094166D0 02

0.280904270 a0
0.349112790 Q0
-0,30251844D-01
0.55152668D 00
-0,177835330 00
=0.176948380-01

-0.5764503050 02
-0.555503050 02

0.206504560 00
0.34637¢320 00
~0.685064790-01
-0,869993730 00
-0.72009385D0-01
=-0.47532741D0-02

COMPUTED EIGEMVALUES OF ZA - B9G<,

-5.0C000000
-5%.00C00C00
~3.00000000
=-3.000C0000
=1.000C0000
=2.00000000

MATRIX Q .

0.2%50000000 01
0.0
0.0
0.0
0.0
0.0

MATRIX R .

GAIN TOLERANCE .LE.

MATAIX REINVERSEC .

RICCATI MATRIX P .

RESIDUAL MATAIX, MATREX

0.500000000 00
0.0 ’

0.200000000 01
0.0

0.6108463881D Ol
0.830544080-02
0.206525%0010 01
0.549340980-01
0.620625410 01
G.35134024D~-02

~0.2322647350-09
0.205164970-09
~0.45963993D-04
-0.1860%92370-10
=0, 1C001040D~08
0.50% 329310-11

0.0

0.0

1.0C000000
~1.00000000

G.0

0.0

0.C
0.250€0000D 01
0.0
0.0
0.cC
0.C

0.C
0.50¢CG000D 00

0. 50728090-04HAS

0.0
0.200C00000 01

0.830%564080-02
0.2563888570 OL
0.12715444D~01
0.266121250-02
0.183598710-01
0.580777500~01

0.205154360-09
-0.691368300-09
0.185670340-08
0.469955990-10
0.24198540D-08
~0.174098510~-10

~0.340276870 02
=0.370276870 02

0,298155990 00
0.323915450 00
-0.14331539C 00
~D.447501560-01
=0.260844539C-01
-0.225003870-02

0.0
0.0
0.2%000000C 01
0.0
0.0
0.0

0.265250010 01
0.127154440-01
0.564035913LC 01
0. 144736190 0D
0.640935527 0L
0.10595823C-01

IS ZERD, IF MATAIX P IS ACCURATYE.
-0.45963028C-09
0. 18567034C-08
~0.474656122D~-08
=0,12339457C~09
-0.695126950-08
0.474701110-10

=0.43008%9050 00
0.354191100 01

0.28626754D 00
0.3542697150 00
-0.717951590-01
-C.2754300° 00
-0.54513%7 2201
~0.503265160-02

0.0
0.0
0.0
0.2500C000D0 01

0.0

0.0

ACHEIVED AFTER 22 ITERATIONS.

0.54934096D-01
0.2656121290-02
0.145673619D0 00
0.56332456880-01
0.138345600 0D
0.475031340-02

=0.160555480-10
0.459%50600~-10
-0.123395940-09
-0.316906480~11
-0.1825633190-09
0.128C76720-11

0.512976290 02
0.46297629 02

0.30473045D 00
0.293263719D 00
~0.16585%411D CO
-0.996295670-01
-0.258%39340-01
=0.2346538410-02

0.0
0.0
Q.0
0.0
0.2350000000 01
0.0

0.620625410 01
0.181%98710~-01
0.640935320 01
0.138345%500 00
0.124172640 02
0.9358911460-02

~0.1COC0960D0-08
0.261985390-08
-0.695127290-08
=0.18263341D-09
-0.102822780-07
0.£82114310-10

e WA L+ AR s e b

=0.191699090 01
0.408300910 01

0.311332220 00
0.266282%70 00
-0.10863299C OO
~0.7692464T0C-01
=0.213025430-01
-0.194462884D-02

0.0
0.0
0.0
0.0

0.0
0.25000C000 01

0.35134C240-02
0.580777500-01}
0.10595823L-01
0.475031340-02
0.935891160-02
0.764583450-01

0.50425358C~-11
-0.1740%851C~10
0.47469931C-10
0.12802338C=1)
0.862115080~10
-0.,22781776C~12
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STATES » ]

A ~ SYSTEM MATRIX
0.0
0.0
0.0
=0.750000000 O1
0.0
0.0

8 = INPUT MATRIX
0.0
0.0
0.0
0.150000000 02
0.0
0.462500000 01

INPUTS & 2

c.0

0.0

0.C

0.0

0.0
~0.525C0000D 01

0.C

0.C

0.0
«0.750CCO0C0D 01

0.0

0.13875C00D 02

DESIRED EIGENVALUES OF XA -~ BoG<

~1n.000C0C0O0
-12.00CCCL00
-14.000C0OC00
-16.GC0COGO0
-18,00CC0C0A0

=-20,00C00000

NATRIX.  SlIwv.
0.10243902D0 0l
=-0.219512200 CO
0. 714628570 GO
J.93750000D GO
0.0
0.0

MATRIXK SivveB ,
0.2925682930 01
0.36%8%3560 01
0.214285710 01
0.18750000D0 01
0.5%000QGO0D 00
0. 3CN0Q0N0D 01

VECTIR ALPHATTRANSC EVECTCR D § BeALPHAL.

0.1CCcO0000 Ol

VECTIR DETRANSC.
O.15636146D OL

DIAGONAL I ZED MATRIX

0.0
o.o
0.0
0.0
- .0
0.0

0.716282980~30
=0.18751798D-23
0.256217420~2%
0.965534830-33
0.200c00000 Ol
0.83266727D-16

«~0.1456341460 Ol
-0.182926830 01
-0.107142%60 01
-0.9375C0000 00
0.150C0000D 01
0.900C0000D O1

¢.100C0000D O1

0.182926830 01

0.0
0.0
0.0
=0.11500000C 02
0. 100000000 01
0.0

0.117073170 01
0.46341463L 00
0.428571430 00
0.%3750000C 0O
0.0
0.0

0.107162860 D1

0.0

0.0
0.10000000G 01
-0.450000000 01
0.0

0.0

0.195121950 00
0.243902440 00
0.14285714D0 00
0.12500000D0 Q0
0.0
0.0

0.937500000 00

Ay GR DIAGONALIZED MATRIX XA-Be¢IGC IN THE CASE

OF MJLTEPLE ESGFNVALUES ANC/OR COMMON OPEN- AND CLOSED-LODP EIGENVALUES.
-0.1600000000 O1
~0,200000000 O

0.0
0.0
0.0
0.0

C.200CCcC00D Ol
~€.100CC0000 Ol

0.0

C.0

C.0

0.C

0.0
0.0
-0.150000000 01
0.0
0.0
c.0

0.0

0.0

g.0
=0. 100000600 01
0.0

0.0

0.100¢C0000 01

0.0

0.0
~0.155000000 02

0.0

0.0

0.200000000 ©OL
0.111022300~1%
0. 1000C0000 01
0. 160C00000 01
0.0
0.0

0.200000000 O1

0.0

0.0

0.0

0.0
=0,5CCCCO00D OO
=0, 300000000 01

0.0
0.100000000 01
0.0
0.0

0.0
-0.100000000 O1

0.64430C500-29
=0+454034330~30
=0.24273229C~24
=0.861152690-33
0.108100110 00
0.04384845C 00

0.12000C00D0 02

0.0

o.o

0.0

0.0

0. 30000C000 01}
-0.50000C00C 00
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G - GAlY MA.RIX

0.149971080 06
0.149971080 a6

T - SOLUTION MATRIX

-0.,111908180 Q0
-0.228120520 00
-0.126050420 00
«0.104166670 0D

0.171284630 00
=-0.120906800 01

-20.00007635
~15.99962899
-17.99999731
~14.000608292
-11.99977490
=-10.00003358

MATRIX Q .

0,250000000 01
0.0
0.0
0.0
8.0
0.0

MATREX R .

0.500000000 00
0.0

GAIN TOLERANCE .LE.

NATRIX REIINVERSES .

0.200000000 O1
0.0

RICCAT] MATRIX P .

0.6100688510 01
0.83056404D-02
0.26525001D 01
0.5%9350960-01
0.62062541D 01
D.35134025D-02

RESTIDUAL MATRZd. MATRIX

=0.13254184D-08

0.326705050~10
-0.179696500-08
-0.48036703D-10
=0.2809463060D-08
=0.27459145D-11

-0.526433393D 04
~0.52433393D 04

~0.995121950-01 -

~0.184390240 00
-0.102040820 00
-0.852272730-01

0.92035398D-01
~0.101945900 01

CONPUTED EIGENVALUES OF T4 - BeG<,

J.0
0.0
0.0
0.0
0.0
0.0

0.0
0.250C00000 01
o.o
0.0
0.0
0.0

0.500€00000 00 -

0.2836]1440-04¥MAS

0.0
0.200C00000 01

0.830564040-02
C.263888670 01
0.127154440-01
0.266121290-02
0.1831598712D-01
G.58077758D~01

0.3267033%3D~-10
-0.406000580-11
C.4430821230-10
0.116415210~L1
0.699485190-10
C521724590-13

-0.530180030 04
-0.530180030 04

~0.868199463C~01
=-0. 154377560 00
-0.857142860-D1
=0.721153850-01
N.470588240~-04
-0.878431370 0O

0.0
0.0
0.25000000D0 01
0.0
0.0
0.0

0.286525001D Ol
0.12715444D-01
0.64035913C 01
0.14673519C 00
0.64093552D 0L
0.105956230-01

1S ZERQ, 1F MATRIX P 1S ACCURATE.

=0, 17969625C~08
0.443811240-10
-0.2636456630-0D8
=0.624820790-10
=0.3809%137C-08
-0.3T147924E~11

-D.53218963D0 9%
=0.532189863D 04

~0.79880T711D-01
-0.132601980 00
-0.738916260~-01
-0.6250C000D0~01

0.200601810~01
-0.770310930 00

0.0
0.0
0.0
0.25000000D0 01
0.0
0.0

ACHEIVED AFTER 33 ITERAVIONS.

0.549340960-01
0.2661212%0-02
0.i4673619D0 0O
0.563324688D-01
0.138345600 00
0.47503134D-02

~0.4403%%82D-10

0.11641680D-11
-0.62483125D-10
~0.15861184D-11
-0.976282460-10
~0.563T12924D-13

0.601098830 05
0.601098830 0%

=0. 724215430-01
=0.116124200 00
=0.649350650-01
=0.551470590-01

Ca3172085560~-02
~0.885170%0D0 00

0.0
0.0
0.0
0.0
0.250000000 01
0.0

0.62062541D 01
0.103598720-01
0.640935520 01
0. 138345800 00
0.12477264D 02
0.93589116D-02

=0.2809%3480-08

0.899475340-10
-0. 3809515658D0-08
-0.976292460-10
=-0.595620160-08
=0.5809108650~11

0.21620931D0 04
0.21620931D 04

=0.656154360C-01
~0.10324C900 00
-0.57315058C-01
-0.,493421050-01
-0.77071291€~02
~0.81657C33C GO

0.0
0.0
0.0
0.0
0.0
0.23000000C O}

0.35134C24D~-02
0.580777580-01
0.13593823C-01
G.47503134C-02
0.935891146C-02
0.764583450-01

~0.27482477C~11
0.619504450-13
=0.37139458C~11
-0.63321C91C-13
-0.50083122C~-11
D.73273121C-13
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STATES # &

A~ SYSTIm NATRIX
0.202000000 02

0.0
-0.13C000000 02
0.400000000 01
0.50C000000 01

0.0

B = INPUT MATRIX
0.100000000 O1
0.0

=-0.2C0000000 01
0.500000000
0.70C00000D0 00
0.0

INPUTS & 3

-G.100C00000 01
0.0
0.200C00000 O1

-0.110€00000 02
0.100CL0000D0 00
0.0

C.0
-0.400€0000D 01
0.200C00000 01
C.100€00000 O1
0.0
0.400C00000 01

DESITRED FIGENVALUES OF SA - BeG<

-1.C0C00C00
=2.G0CCOG00
-3.00000000
~3.00C00000
-%.00000C00
=~4.000C0000

MATRIX SINV.
0.1CQ00000D O}
-0.3367933460 00
0.27T4670120 00
=0.,579801450 00
=0+396594790-01
0.%523073146D 00

BATRIX SIvved .
0.840001490 00
0.395676980 Ol
=0.202360490 01
-0.54723152D 00

0.24877296D 00
~0.775852840 00

0.0

0.0

1.00000000
~1.00000000

0.0

0.0

-0.11856288D-01
-0.173321790 G0
=0.445604159D 00
0.188885150 00
0.440231380-02
-0.467145290-01

0.£97153280-01
0.125120020 01
0.12631530D 01
-0.102658830 01
0.365474520 01
0.6179456%D 01

0.50000000C 00
~D. 40000000C Q0
-0.900000000 01

0.0

0.0

0.500000000 01

0.0
0.0
0.0
0.0
0.10000000D 02
0.0

0.192272090-01
~D.15426251C-01
=0.805410000-03
-0.232107050-01
-0.15995003L 00

0.939508370 00

0-272437530 01
0.200000000 02
0.0
0.10000000C 02
-0 248595560-D1
0,17329039C 00

VECTI? ALPHAZTRANSS SVECTCR 0 # BSALPHAL.

0.100000000 O}

VECTIR DNITRANSC.
0.361409210 0}

0.100C0C0CD O1

0.25207970D0 02

0.1006000000 01

-D.76045189C 00

0.0
0.1300€0000 02
0.0
0.1000c000D O1L
-0.4000C0L00 O}
0.300000600 00

-0.624500730-01
0.572542250 00
=0.459977160 00
-0.164570300 00
=0.774548970-02
0.113592080 00

0.84261801D 01

DIAGINALIZED MATRUAX Ay OR DEAGONALLIZED MATRIX TA-Be2G< IN THE CASE
OF MULTIPLE EIGENVALUES AAC/OR COFMON OPEN- AND CLOSE[-LOOP EEGENVALUES.

0.20R62434D D2
0.0
0.0
0.0
o.o
0.0

C.0
-0.49335091D 01
-0.149024400 02

C.0

GC.C

0.0

. B T —

0.0
0.149024400 02
-0,493350910 01
o-o

0.0

0.0

e 2138 e R At

¢.0
o-o
0.0
0.117248670 02
o-o
Q.0

0. 4CCCCCO00 Q1
Ce 7COCCO0DD 02
0.0

0.500000000 00
:-300600000 ol

0.272437530 00
0.200C0C0000 O1
0.0
0.160000000 01
-0.240595960~02
0.1732903%0-01

0.307863060 01

0.0

0.0

o-n

0.0
«0. 464048060 02
0.0

0.0

0.20C00C00C OO0
0.400C0CCOD 02
0. 10¢00C00D 01

0.0
-0.40000C00D 02

0.11370457D-01
0.4055829080-02
=-0.1485563520~01
=0.20044C000~01
0. 100000000 01
0.100CC0000 01

0.557690430 01

0.0

0.0

C.0

0.0

0.0
~0.231341420 01

TR NN ]
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G = GAIN MAIRIX
0.447925030 01
0.4867925030 01
0.467925330 01

¥ =~ SOLUTION MATRIX
-0.166225410 00
03869695930 00
~0.1%9395160 01
~0.,6621082180 00
0.85423853D-01
0.42396501D Ol

-0.17379667D 00
-0.17379667D 00
~0.17375667D 00

~0.15895474D 0O
0.27142795D 00
-0.163810320 O}
~C+613935290 00
0.6736476030-01
0.17681097D 02

COMPUTED EIGENVALUES OF TA - BeG<,

=-6.00000C00
~5,00000C00
=-3.00000G00
=~3.000Cc0C00
-2.000C0C00
=-1.000C0000

NATAIX Q .
0.100000000 02
¢.0
0.0
0.0
0.9
0.0

MAYRIX R o
0.200000000 GO
0.0
0.0

GAIN TOLERANCE .LE.

MATRIX ASINVEASES .
0.500000000 0L
0.0
0.0

RICCAVI MATRIX P .
0.222082730 02
-0.805076450 00
0.42667524D0 00
~0.20882124D0 O -
0.9710506290 00
0.208037200 00

0.0

0.0

1.0C000000
-1.00000000

0.0

0.0

0.
C.20000000D 01
6.0
G.C
0.0
0.0

0.400C00000 00

0.54235050~06WAS

0.0
0.250CC0000 01
0.0

=0.8050746450 GO
0.10987551D0 0O
~0.110969760-01
0.65345154D-01
0.6467101810~-01
-0.254627320-02

0.874080560 00
0.87408056C 00
0.87408056C QO

-0. 145655500 00
0.59035202C-01
=N 170249440 01
=0.530930560 00
0.91370251C-01
0.11%977259C 01

0.0
0.0
0.80000000D0 00
0.0
0.0
0.0

0.0
0.0
0,%0000000C 00

-0.201461475D 00
~-0.201614750 0O
=0.201614750 00

-D.15839741D0 00
0.277495810 00
-0.165156810 O}
-0.60829824D0 00
0.872549250-01
-0.46:9568482D0 01

0.0
0.0
0.0
0.100000000 01
0.0
0.0

ACHEIVED AFTER 28 ITERATIONS.

o.o
0.0
0.200000000 01

0.4266752560 00
=0.110969760-01
0.71396814C-01
-0.333145090-01
0.296471190-01
0.572811°2B-01

RESTOUAL MATRIX. MATRIX IS ZEARD, IF MATRIX P 1S ACCURAYVE.

0.7993%)720-08
-0.641170880-09
0.1%9200210-09
~0.430027080-09
0.559976930-10
0.583%28780-10

=0.641 170680-09 0.159191530~-09
0.211366320-10 =-0.121780060-10
-0.121782030-10 0. 34G098780~11
0.421 204400-10 =0.999433440-11
=0.30697694D-10 0.181962780-11
=0.517969C000~11 0.149456377C-11

e e s T " e

~0.,208821240 01
0.653451540-01
-0.333145890-01
0.291557760 QO
=0.101352440 00
-0.11376245D~01

~0.429989350-09
0.421292380-10
~0.999406550-11
0.139250800-10
-0.106392860-10
~0.422545523D-11

R et v e e e e e L D

0.85943368D GO
0.85943366D 00
0.859423660 00

=-0. 140516250 OC
~C."8574708D~01
~0.169127180 01}
-0.503811490 00

0.936763950-01
-0.20773814D 01

0.0
.0
C.0
0.0
0.1C0CC0000 01

0.970%062%0 00
0.667101810-01
0.296471190-01
~0.10136244D 00
0.324%29900 Q0
0.215685180-01

0.553915860~10
~0.306979880~-10
0.182023840~-11
=0e 1C6435580~1C
«0.5C4¢£6273D0-10
~0.469086923D0-13

~0.484017220 01
-0.48401722C 01
-0.484017220 01

-0.135205290 00
~0.17120614C DO
-0.167928C80 01
~0.47538750D 00

0.%5994839C~01
~0.15135779C 01

0.0
0.0
0.0
0.0
Q.0
0.16000C00C OL

0,208037200 00
-0.25482732C~-02
0.57281182C-01
=0.11376245C-01
0.21568518C~01
0.70744858C-01

0.58348C90C-10
=-0.%51795773C-11
0. 14945884LC-11
~0.42295%85C-11
=0.4742C4ACIC-13
0.56603493C-12
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As a poini. of interest it should be noted, that especially for

higher order systems, i.e., n 26, it is advisable to solve Kleinman's

iteration equation, which has the form

PAK+AKTP=-Q (L.421)

where P and Q are symmetric matfices of order n, vie an eigensystem
approach. I.e., assuming, that AK is & simple matrix, determine M

and M'l, the matrices of column and row eigenvectors of AK,' respectively.
Let L denote the disgonal matrix of eigenvelues of AK (or, to avoid
complex arithmetic in the case of complex eigenvalues, near diasgonal

matrix, see eq. (4.2,3-14)), then equation (1) can be re-written to
M P L+t (M PM =M QM (4 hap

MTPM 2 T and MTQM ® D gare symmetric matrices. Fguation (2) can

g D

be solved in the same way as described in section 4.2.2. Moreover in

e A

this case use can be made of the symmetry properties of T and D, so

that the linear equation

- - d (4,4-3)

T
y
v, T+L) & 4;

will be of order (n-i+l); t; end d, denote the it column of
matrices T and D, respectively.

The eigensystem approach was experienced to be trouble free as long
as AK did not contein multiple eigenvalues.

Equation (1) cen also be solved by means of the Krohecker productlh,

yielding an equation of form

E 'EV = - g\f (h-h'h)
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Due to the symmetry of P and Q FE is 'only' of order ‘nx(n+l)’2)

insteed of n2. 2, and g, are vectors formed appropriately from the

upper triangular elements of P and Q. Matrix E can be generated

from matrix AK using the expansion procedure suggested by Bingulachh.

Due to ite high order, e.g., for n =6 E is of order 21, E may cause

numerical difficulties and may be treated as numerically singular, even

if it actuaelly is not. '
Although the latter method 1s about two times faster than the eigen-

gsystem approach in solving equation (1) numerical problems prevent it

from being consistently useful for higher order systems (n 3 6).

Using the eigensystem approach to solve equation (1) all 11 presented

examples were computed in 2 minutes on the IBM 360/50,

i -:*“4.; . P E e e
s -
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PART &

SUMMARY AND CONCLUSION

This work considers the theoretical and numerical aspects of a
compensator design for low-sensitivity systems. A new concept in
sensitivity design is proposed, meking use of the condition number
X = iﬁf " Ml'lIM'lll. M 1is a matrix that transforms the closed-loop
system matrix K to diagonal form L. The knowledge of X is valuable
in determining a bound on the permissible parameter uncertainty for
which the closed-loop system will still exhibit a specified minimum
stability. Generally this bound will be rather conservative. The
sensitivity function derived in section 2.2 essentially meximizes the
ratio I Revhax)/( )CIIJK1') ' where A 1is the least stable eigen-
velue of the metrix XK and dK is the parameter uncertainty matrix
of K.

A computer program COMPDES was written to mechanize the low-sensitivity
design procedure. The program is listed in Appendix A. Three design
examples are given in Part 3. These examples are representative for the
types of solutions possible when minimizing the sensitivity function
described in section 2.2, As could be expected, the solutions indicate
a decrease in permissible parameter uncertainty with increasing system
order.

Part 4 presents a detailed description of two numerical‘algorithms.
These algorithms were needed for the compensator design, but constitute
general purpose algorithms. The first aslgorithm deals with pole-placement
by all-state feedback. Use is made of techniques developed in state-

estimation theory, resulting in a very fast and efficient numerical
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algorithm. The algorithm can be applied to finding stabilizing gains
for the initializetion of Kleinman's iterative scheme for the solution
of the algebraic matrix Riccati equation. A computer program based on
the suggested pole-assignment algorithm was written in FORTRAN IV and
very successfully applied to many examples. Eleven of the examples are
ineluded in Part 3.

Since the sensitivity design is based on a new concepi!, much work
remains to be done, It would be very useful to know what constitutes a
‘good' value of X for a system of & given order, i.e., to find some
sort of standard. The compensator design was achieved by transforming
the system to a pseudo single=input system. Can this be done in & way,
such that the resulting closed-locp system has a lower condition number
then a system designed by the methods presented in this work? The
minimization of the sensitivity function will yield local results only,
depending on the initial pole-location. Based on the results of one or
more runs can systematical inethods be developed to generate new sets of
initial pole~locations yielding lower sensitivity of the closed-loop
system?

Sensitivity analysils pleys & large part in real system design. Thus,
e method like the one presented, which desensitizes the closed-loop system
for the variations of all system parameters, is a potentially very useful

tool.
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APPENDIX A :

;

Listing of the Compensator Design Computer Program :
COMPDES

e s g, <.
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LEVEL 18 (| SEPT 89 ) 057360 FORTRAY N DATE T1.119/00.33,
e SOMPI'_ER OPTIONS = NAME= NAIN,OPTe02,L INECNT=60,S12Es0C00K, e
¢ scun.e.ucn.un;lsr'uecu.mono.nnn.vueult.ln.uounsﬁ
_ E PROGRAM NAME QJCOMPDESS _ __ e R ] - o
c THIS PROGRAM DESIGNS A LOW ORDER CONSTANI FEEDBACK COMPENSATOR
oo, € _FOR & JIPE~INVARIANT SYSTEM WITH LARGE PARAMETER UNCERTAINTIES.
- c THE RESULTING COMPENSATOR WILL EITHER GUARANTEE SYSTEM STABILITY
c FOR THE SPECIFIED PARAMETER UNCERTAINTIES OR WILL GIVE A BOUND,
g, __UP_TC wHICH_THE SYSTEM IS STABLE . o . L .
15y 0002 REALOS AZ6+6CBEG16€ CRO¢6CDARE 0 AHTLI2,12€)A2822012¢C,A25T12,12¢
ISV 0003~ REALOR AVE144c< , o . e e ,
— I1sY 0004 "REAL®S FFE646CsFGRb 6K FHEG j6C o FIT6+6C GFRE36C,GE648<,0HES6C - T
1Sy 0005 HEAL®8 GJTb96< GFMEH,6CGOMEL6Cy CHMEE 6 4 GIME 64 6C
e A5% 0006 =~ REAL#B 5QF£6,6<GRGTE16CIGRHNOy6C+GRITHSC,CYRELIZ,12<,EVIRIZ12¢ |
1SV 0007 REAL®8 RRELI2C,RITIZC,VREI2C,VIEI2CXREE2C 1 XIZ12C s VANEL 2 1<
15y 0008 REALSS VINEL2)1C<sEMSE642CENFTO32C,VERIVE [ JVES JWB12,4¢
1Sv_0009 .. __ REAL®8 EM(1242) » - o o ,
TSN 00L0T REAL®B AVFE36C,XRSBHC, XRFEEC KISTOHC, KIFEEC, VRSTOHC, VRFEOC,VISEES T
IS¢ 0011 REAL®S VIFEOC,RASTO S, RRFIAC,RISTOHC RIFTEC, VRNST6 ¢ LC, VANFES, L€
ISY 0012 ~  REAL®B VINSTO,1<oVINFEO 1€ AVEZ IO, WSRO, 4Ce WFT6y 4C S
¥ 0013 REAL®B CXSB13<,CG8L3C SVE12<,SVRE12<, HB132¢,CF
1SV 0014 REAL®B RCOTRoROOTI,DELK] ¢ROOY1 T3y ALOeSUMND
ISV 0015 REAL®S SWl,VABS,SUM¢DABS,STOPR,UNUL,ST+STSyDELRyDELRL o . o
T 1sx 0OLe” REAL®E DR,GA
1Sy 0017 REAL®8 AC
1SN 0018 _ ~ ODIMENSION [ANAZ12<,TANAST6C, IANAFR6C, TRONT12,2<, IROWSE6,2¢
15y oole DIMEASION [ROWFTH 42< 1CPLXEL3C
15V 0020 EQUI VALENCE BAVELC,AVFELCC,BAVE3TC,AVSELCK
ISV 002 _  EQUIVALENCE BEMTLC,EMFELICC,TEMEL 3<,ENSTICL L
T8V 0022 EQUIVALENCE EXRY1C,XRSTICS, EXREPC4XRFEICC, EXITIC, XISRICC
159 0023 EQUI VALENCE EXTE7<oXIFYLCC, EVREIC,VRSTIKC,SVRETC, VRFELCC
1SV 0026 .. __EQUIVALENCE ZVIZIC,VISEICC EVIRTS,VIFSLICC,SRARTICRASTICL
sy o025 TTEJUIVALENCF BRRZT<C,RRFEICC, TRIZLC,RISTICC, SRITTC,RIFTICC
ISV 0026 EQUIVALENCE SVRNT1C,VANSTLCC, TVRNE7< VANFE1<L
ISN 0027 __ EQUIVALENCE BVINSIC,VINSXICK,TVINETCVINFRICC . _
T 1Sy D028 EAUI VALENCE SWEIC,WFE1<<,EnE25¢<, WSELCC
ISy 0029 EQUIVALENCE CBIANATICoI1ANASELCS, RIANAST<, [ ANAFSICC
L _ISN. 0030 = EQUIVALENCE ZIRONTIC,IROWSELCCyRIROWEL3I<, IROWFELCC
~“T5v 0031 COMMON /VCM/ AH A2 ¢A25 oAV ¢CVRICVE oWy BeBol o FFoFGy FHeFIoGF ¢GGoGHy
i GJeGFMyGGNeGHMp GIMy GRF 3 GRGyGRHs GRJ 9 EMs VRN VINSRR RY
L ‘.‘..,._2 e V3eVEoXR X1+ IRONoJANA o - _—
T 18V 0032 COMMON /MC/ SV4SVRGROCTLALDy SUMDoDANORM, ACCoNS o NCy NF o NFF 4 MD D2
ISN 0033 COMMCA /NC27 DReGA,ICPLXy LAREA, M24M2D
__1Sv 003s _ _EXTERNAL COND
isv 0035 5 FORMAT.INIC
15V 003& 10 FORMAY XT8I10<
____15v 0037 20 FIRIMAT Z4DIA.TC — . .
1SV 0038 21 FIRMAT:4D1B.7¢
1SV 0039 ?2 FOAMAT(4F20.10¢
__Isv o040 25 FJRMAT E5F15.6¢
1Sy 0041 30 FIRMAT E7F10.4¢
1SN 0042 35 FORMAT G/ /T3 ,@STATESE 14X y@INPUTS 44X o 30UT2UTSd 3N, 3COMP=DRDA, 2K
e+ LIIDELRas SX QI STOPI SN dIMAT I 5N e@NULD /T2,
2aNS Mol 33X aNC MO I35 0K0aNF Nag 13 3KsAVFF By 135X 13 TN [, 7K,
3EIThel3¢
_ 159 0043 36 FORNAT B/7T3,0STARILITY INCREASE INCREMENT # &,F20.5¢
1SN 0046 37 FIAMAY E/77T3,9MINIFUM STABILITY REQUIRED FOR TEXMINATIONG.3X,F20.8



m

[ IR SRR |

[

| g S onsnen S oo SR

[§3]

Isy

IS
TEsN

D045

0046

0047

0049
0050

‘0048

15v
LISy
Isv
15N

0051
0052
0053
0054

(FY]

159

1SN
159
159
159

ISN
159
159

TSN

ISV
—1s¥

TSN ¢
ISy

ISy

__ 1SN
15
I5%

ISy

1SN
1SN

ISy
TTTrSN
1Sy
_Isy
159
15y

ISy

ISy
159

Isv

0056%
odse

0057
0058

0059

0060

0061
00s2
0063
0064
006
0066

0067
oob8

0069

aoro

oo7TL’

oore
Q073

0074

0075
a0ts
ooty
oo7e
0079
oo8o
nosl
o082
0083
0o
oo8s

50

1<

38 FE.PIIII/'!.BSVQTEP MATRIX A.3<

33 FOIMATI/77/13,a5RADIENT PROCENURE TRIES O DETEAMINE A COMPENSATOR
1 DF CRUER NFF #8@413,/T73,dSUCH THAT THE CLOSED~LOOP SYSFIEM DOES NO
27 BECOME UNSTABLE FOR THE GIVENA /T 39dMAKIMUM PARAMETER UNCERTAINY
JIES ¥S5cE MATRIX DA<, 3¢

40 FORMATI/7/T3.*CLOSED~LOUP SYSTEM MATRIX A(Ca<Le}.®) .

41 FORMAT €//7T3,3MAXTHUM ABSOLUTE CHANGE DA OF THE ELEMENTS OF THE
LSYSTEM MATRIX Ad<

42 FORMAY T//T3,30UTPUT MATRIX Cac

%3 FORMAT L/ /T3 AACCEPTABLE LARGESY REAL PART OF THE EIGENVALUES FOR 7
1HE WCRST CASE OF@,/T3,@F ARAMETER UNCERTAINTY HAS TO BE LESS THAN

2AC #5yFl0e54/73,0EIGENVALUES OF NOMINAL SYSVEM ARE KEPT TO TME LEF

3T OF ACC #3,F10.5¢

45 FORMAY £//73,3CONTROL INPUT MATRIX Ba<
FORMAT C//7F2,dMAXIMUM REAL PARY OF ROOYSAC

53 FORMATI/ /T344AL0 W@eFLl2.6¢BCONDL~NUMBER #3,F12.8¢

56 FORNAT L/ /T34,aGRADIENT METHOD PLACED POLES AS REQUIRED. ACYUAL COND
1.-NO. wiilL BE COMPUTED.3<

55 FORMATZ////73,ADETERMINE COMPENSATOR OF JROER NFF liolBoIfSr

L4AND ITERATE ON CONDITION-NUMBER.d<

.56 FDRMATZ///7/73,3COMPENSATOR OESIGN = INITIAL VALUES. ISHIFT #a,

60
&5
70
1%

113¢
FORMAT €//T3,3EIGVEC ERROR MESSAGESaC
FIRMAT XT3,8SWINR,ELO.4%9L0Xs2ITERND, 15+ 10X, dDIFNdELDL4<
FIRMAT €/7/73,3EIGENVECTORS CORRES TO MRP EIGENVALUEaC
FIRMAT CT6,8R0W REAL PART@,5X,dRONW IMAG PARTS,5X,4f0L REAL PARTa,
1 5X,&COL 1MAS PARTC
76 FORMATL/ /o8 SUCCESSFUL COMPENSATOR IS OF DRDER NFF W @,13¢
80 FORWATS/ /4@ COMPENSATOR MATRIX Fac
85 FIRMATW//s@_ COMP. [NPUT MATRIX G.d< e
90 FIRMATS//e@ 'CUMP, OUTPUT MATRIX H.3<
95 FORMATS/ /o8 FEEUBACK MATRIX J.a¢
96 FIRMATL/ /o4 1T 1S DESIRED TO OATAIN CLOSED-LOOP POLES LOCATED IN
10R CLOSE TGO A RECTANGULAR REGIONae /.9 OF WIDTH DR AND HEIGHT 2
28DR , DR #8,F20.10+/+@ WEIGHTING FACTIR FOR POLE LOCATIONS GA
IN3,F12,8¢
37 FURMAT:////T3,4COMPENSATOR DESIGN - FINAL VALUES.a<¢
98 FORMATA/ /T3 ,dTHE COMPENSATOR GIVEN BELOW GUARANTEES THE REQUIRED M
LINIMLW STABILITY FOR THE MAXIMUM UNCERTAINTY3C

" 99 FIRMAT//T3,4THE BELOW COMPENSATOR GUARANIEES STABILITY ONLY FOR A

i

1l TOTALae /T3 +dUNCERTAINTY OF @oF1%.8<
CRY T _
MI2 WV eND
H2D#2*MD
M2aN20%M2D
M2D1 aM2DEL
FHANM2DREM2IDETC
MHNMNHL 2
READN Tle10€ NS NC o NFNFFLINELARL,ISTOP, [MAT J,NUL
WL TEZ3,¢5¢
WRITE &3,35¢ NS.NC.NF.NFF.IDELR-ISTGPoIHITJoNUl
IFSICELRS 120,120,110

10 READ %1,30¢ DELR
63 TC 130
20 DELR#.2D0
30 DELAL=UELR
IFEISTUPC 150,150,160

.t s 4 - - Vi e — Ao 4 s A - e &

— e —— 1 — 1 —— —— . B s Tt P

90
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91

PAGE 2
____1Sv oome 140 READ X1,30€C STOPR _ . oo
LSy 0087 150 LONTINUE
c
. g SYSTEM DATA MATRICES ARE READ IN BY ROWS ___ = _
ISV 0DRB READ TLe25¢ TTATI o JCsdF1yNS<olNLaNSC
. __isv 0089 _ WIIVE%S,38<
~TISN 0090 T OWRITE 43420€¢ TEARL LJ< I NS MM NSE  — — — T 7"
1Sy 0091 READ %1425< SEDATI 4 J<y N1 yNSCy THEoNSC
ISy 0092 _ WIITE 23,61¢ _ _ e
1SV 0093 WRITE o3,20€ SENAL]I vU<e JNLoNSCy THEgNSS
[SN 0094 READ T1e25< BECBTL U< J¥L ) NCSy EHD o NSC
ISy 0095 . MALTE £3,65¢ I — e an
TTTISV 0098 WITFFR4,20< SXBET ¢ JC WL ¢ NCCo IH14NSE - -
ISV 0097 READ TLs25€C EXCTI <o SN o NSy INLoNFC
__Isv 0098 _ WAITE i3,62¢ e
15N 0099 WRAITE £3,20¢ SXCTI <o W] ¢NSCy IWL oNFC
ISy 0100 READTL 425¢ ACCAC
ISV 010F WATTERS,%3< AC,ACC
L1 1) c $3003< AL,ACL _ ——— -
15y 0102 KFIL#O
Esy_oton - .. NBEST®O e e e e -
ISV 0104 - NBINO o "
1Sy 0105 N8 Y2 40
ISV 0t0e_ _ _  NIDUATML — o O
15y 0107 . DANDORM#O.D -
15y o108 00 153 1#1,NS
__ 15y 0109 ) DANNC,0 e
ISV 0110 D0 152 JHL NS
ISy 011l 152 DANWDANG EABSEDARI 4 u<<
1SV _ 0112 DIFFANUAN=DANORM . e .
“IsvTo113 IFEDIFFN 2GFa D.0<C DANORMNDAN
ISV OLtS 153 CONTINGE
c
R INITIALI ZATION OF THE DINECT FEEDBACK MATRIX ELEMENTS
c IF INMATY ¥ Oy FURI4J< # DO
) . "E _ LF IMARD # Ly READ_ FUSNed& . . .
ISN Oll6 IFSIFATIC 154,156,156
_ISv 0117 156 CONT INUE . e e
1Sy 0118 DD 155 14#1,.NC
ISV 0119 DO 155 J L oNF
1SN 0120 155 FJBI 4J<H0,.00 e o e
TISN 021 60 IC 157
1sv 0122 156 CONTINUE
~__15v 0123 © READ %1425€ BXFJST U< d01 oNF<y I N1 oNCC L
c
1SN 024 157 CONTINUE
1SV 0125 JANNSE WFF »
15N 0128 STSH 21 AEANUL CSDANORN=ACE
ISy 0127 IFLISTUP «EQe 31 STOPR=~SFS
_Isv 0129 WATTE £3,37¢ STOPR o
15y 0130 DELR SDELRL
ISV 0131 WAITERS+36¢ DELR
c - - - -
ISV 0132 WIITER S, 39€ NFF
ISy 0113 190 KJUNTWY
ISy 0134 IWRI TE=2



P £ 1

15V
_AsN
15y
ISy
L
ISV

1)

ISy
sy
1Sy

1Sy
159
15y

15y

15N

ISV

1SV

15y

159

[$3]
15y
ISy
ISy

TTTUsY

Isy
ISy
15y
ISy

IS
1SN
L
ISy
ISN
ISy

18y
15y
SN
TTISN
18y

3]
sy
15%
15y

0113
aL74
0
0178
oLr?

o178
oLre
o180
ois

SC‘LL STAHRA 0 oL oFF yFGoFHoFIoAHs AV SRR JRE 4 NS sNCoNF o NFF e MDM2D M2,

L19u

TANAINRITEC
CALL MAXRTTHR (R[ oNS JNFF,N2D<
IFZRAZIC-STOPRS 993,198,198 _
RODTANRELC
RODT IWKE T) €
IFt IMaT S LEQ. O) GO TO 1099

" LALL GMATFF oFGoFHsFJoGFMyGGM, GHM, GJIM o NC s 9F o NFF p MDC

220

225

230

ooaaooOn

(g 2z ¥ 3l

3} CONT INGE

_RONTHeRR (1)
WY TEYS,50¢€

15wl [T DIF,2<

NBESTNBESTEL

KIUNT#KIUNTEL L
[FENEL-IBESTC 201,202,202

NB) EABEST

GO TC 203 —
{FINETe .EQ. 1< GO TO 1099
NBT2 N

IFXKCUNT=10€ 2104210,1099
CONT INUE

Wil TE{3,20) ROOT?

— A ke ——— - - -

COMPUYATION OF E!GENVECTODRS

CALL MMULTEAH ,AHouA2, TAylAs [A,M2DC .
WRITE §3,40¢

WIITE £3,20€ TTAHEI 4 U<l A, TH14TAC
NEIG O
CONT INUE
00 220 I#l,14A

DO 22C JWLo DA
A2ST1,JCHA2TT, U<
CALL E[SVECEIoAH,A2S ¢ We IRONXRoXToVReVIoRRT1IC,RITLC, [A, M2D, 0,

- —— p—— -

e A W et e temmae e ——

NEIGWNETGEL

IFSLIEA-10C 230,2304225

IFRENE[5-65< GF. 0< GO TO 230 _
CALL RAYLZAH RRELC,RITEC)XRoyXToVRoVEy [A,420€
GJ TC 215

CONY INVE

SWl # 0 FDR AN FXACY EIGENVALUE AND NO RIUND~OFF ERROR

ITER # NUMBER UF [TERATIUNS USEN TO FIND EIGENVECTORS.

IF TCLERANCE IS NOT ACHIEVED, PHROGRAM ACLEPTS VALUES AT ITER # 15,
DIF # LARGEST CHANGE [N ANY EIGENVECTOR COUMPONENT AT FINAL ITVER.

WRAITE <3.60¢€

WRITE 23,85< SW1,.ETER.DIF

WIITE L3,70¢

WIITE $3,75¢

WRITE 83,20< TVREIC,VICIC, XRTIC,XIRIC, 0], 1AC

NORMALISE EISENVECTORS INNER PRODULY

VERAD.LO

VEI#C.00

D0 240 I¥l,14A
VERNVERGVHEICOXREIC~VISICeX[SIC

92

- E

Low ek

!




1SV 0182
sy ole3

158

0184

159 0185
15y o18e

154

IS
15N
159

0187

oini
0189
0190

T ISy 0197

Isy
15y
IS
ISV
3

TTISVOLGRTT T

ISN
IS5
TSy
ISy

I5v

0193
0194
D194
0196
ote7

0199
0200
o20f —
g202

0203

ISV 0208 T

15N
15V
TTI5N
[59

T3y
15y
I8N

IS¢
REY
159
ISy

15y
(s
ISN
1SN
ISy
I5y

0205
0206
0207
0208

0209
0210
o211

0212
0213
0214
0215

0216
o211
0218
0219
0220
0221

oD

trovon

(22N xNpl

4
c -

— e ———— w-

260 VFIRVEILVRETCOXIZICEVIRICONREIC
VESHVEH®VERLVET *VEL
DY 2% [81.14A
VANT] o I CHRVREICOVERLVITICOVEIC/VES
250 VINTI,L<HSVIRICPVER~VRSICOVEIC/VES

—— et e . ke 3 =} PR

COMPUTE GRADIENT MATRIX

CALL GHADMZA,CoDELRoDELKL4GJoGRE o GRGoGRMy GRI SV IN, VRN KT o KR NS NGy
5 - NFoNFF 4MDC
DI 305 UMl NE
00 305 L#l,NF
305 GJRJLCRFITIHLE _
IFENFE LEQ. D¢ GO TO 324
D) 310 J#l4NC
DO 310 LMLeNFF
310 GHTJ LSHFHTIILC
DO 315 JNI,NFF
DD 315 LWL .NF
315 GaBJL<BFGRI,LT
DO 32C JWL,NFF
DD 320 L#L4NFF
320 GFTJLLEPFFRJLLE
325 CONTINuUE

- ——— — e mm—— - -

FIND MAXINUM ZOR REQUESTEDC STABILIYY, USING AN APPROXIMATION OF
Tt AGTUAL GRADIENT, QUADRATIC CURVE-FITTING TD FIND MAK]MUM,

"CALL APPROXTA«B+CoAMyAVIRReRTI o FFyFGoFHoFI 4 GF o GGoGheGJyGFMyGGMyGHM,

A SIMGRF s GRG o GRHyGRIp NS e MLyNFo NFF JMDoM20M02 9 M2 o 1 ANA

A _ STOPRLDELKL+DELH4DELR1, JTEST, RODTLROOTR,ROOTI,NBESTS
IFT1TC3T=1¢ 899,899,999

859 CONTINUE
IWR] 1Ea2
CALL GMIEGFM GGMpGHMyGIMyFFoFGoFHs FIyNC VF oNFF,MDC
CALL STABESA yBel oFF oFGeFH FJoAH AV RRRWRTyNSoNCoNF ,NFF MDD, M2D M2,

5 1ANA TWRITEC
RIT1<HHDOTR
RITt <HnDOTI]
GO fC 200 - . e e .

GXADIENT MET40D COULD PLACE POLES SUCH THAT THE ESTIMATE OF THE
_ . COWDa NUMBER IS SATISFIED. COMPUTE AZTUAL COND. NUMBER.

999 KFILM
WR]TFE3,54<
1SHIFTaD
GO TC 400

. Ce e - — - -

GRADIENT MET-40D DID NOT SUCCEED. THE METH00 GOY EJVTHER STUCK ON A
LOCAL STABILYTY MAXIMUN OR EXCEEDED LO STERATIDN SVEPS.

L1039 CONTINUE
NFF NNS=-NF
ISHTFYa]
NIl TFT3,55¢ NFF
JANNSENFF
STSWITASNULC0ANDRM=ACT

93

PAGE 00



. I5%
ISy
ISy

oI
[F}]
ISy

sy
1SN
1Sy
154
{5y
ISy
15y

LY

159
3]
159
ISy
18y
[§31
ISy
159
15y
1Sy
1S
15%
154
ISy
15y
{5y
159
18w
15N
__ISN
ISy
I5%
sy
ISy
ISN
ISy
“Tisy

TN
159
ISy
1SN
1sv

TTISN
181 ]
)

ISy
sy

0222, _
0224
0225
0226
0227
0220
0229 __
0230
0231
0232
0233
0234
0235
0237
0238
0239
0240
0241
0262

0243~

0244
0245

0266 —

0247
0249

0280

0251
0252
0253
0254

0255__

‘0256
0257
0258
0259
0260
0261
0262
0263
0264
0265

0266
0267
0268
c269
0270

027"
0212
0273

0274
0275

34l
342
340

" READYL,22€ TREMERL ¢ JC o JRT 92C, i #1 o NFEC

345
11

“352

355
A

375

380

38%
¢ 390

€ 395
%00

GLO CALL STABRAGALCoFFFGoFHeFJoAHe AV RRGRE y NS¢ NCoNF o NFF MD ¢ M2D, M2,
S

" KZANFF

)

JIFSISTUP +EQe OC STOPRN-STS . _.._ .. .. ...
WilIESS,37¢ STOPR

READ(L410) IPOLE+JAREAZLIMITXSHIFT
[FTIARCAC 342,362,361
REANTL 422< DR.GA
WRTTFS3,96<C DRLGA
CONTINUE _ _ _ —
IFSIPCLES 55003504340
READYTL ,22¢C BREMSEL ¢ I JB142<s 101 4NSC

TINENMSNSLLS - e —_—
Kl a0

KZ2#0

IFENFF L LE. DC GO TO 343

e evarm ¢ o L ———

-_— . ———————————t 4 1S m- ®

TINEMF INFF, 1<
Kia

CONTINUE
GO TC 385

NEF INS-NF
KFIL#O
TINSTOPR/3.D0
ISHTFT=ISHIFTEL
IFLISHIFT .GT. KSHIFT) GO 7O 500
NAC#2 _ .
CALL INPOLEF2+RRS,RISoNSyNRC,MDE
DY 355 1 #L4NS
EMSTILLCHRRSEIC
FMSE1,2CHRISE]IC
{FINFF< 380,382,370
CALL INPOLRT3RRF¢RIFJNFFyNRZoMDS
D3 375 [ #l.NFF
EMFEI.L<YRRFEIC
EMFXI,2CHRIFTIC
kil

K2 #NFF

GO fC i85

CONTINUE

K180

KZ#0 _
CALL MUOPPENS ¢NCoNFoNFFoMDyMD2,0s K19 K2e o NS<
D) 390 | #14NS

WRITEL 1,21¢< ZEMSEL, <o 30],42¢
IFENFF LY. 1< GO TO 400

DI 395 1 #1 NFF
Hlllﬁtl.?l(llFﬂFtl.J(.Jtl.!(
CONTINUE

TANNSENWFF

WRITERS,56< ISHIFT

INRI JE=2

A - tem e EERL——— e s R v a8 A ——— 84 - = P

A ek P —— ¢ e s

f— A e ——— - e AR - ——— —— .01 P,

L ——— ——— 18

1ANA,[WRITEL
CALL MMULTRAHAH, A2, 1A AL TAM2DC
IvEe3

CALL SIMTRZTAH; A2 ¢ A2SsCVRCVI s IROWsRRp AT o XRo K14 SV SYR, IA,M2D,

[ 1]+ 4
D) 415 TH1.1A
KRl <y, DO

ol



- T

ISy
15y
15y
159
sy
ISy
ISV
ISy
15V
159
sy

1Sy
_1ISy
15y
ISy

——

0308
0309
0310
03l
032
0313
03le
0315
03Ls
0317

03le

0319
0320
032l
0322

" 415 XXZICHAREL CCOABSECVREIJ€C ™

(2]

t
¢

95

D) 415 Jal, 1A

SUMDRXREILC

DD «2C Ll A .

IFESLIG LT. XRTICC SUMCEXREIC
420 CONTINUE

CALL SURTREMSoEMFoRRoR] oSV NSoNFFoMD,M20C =

ALDW1. 00

WRITERS,53C ALO,SUMD

STHSLFOSDANDRM=ACE . ‘

CALL MAKRTEHASRI oNSoNFF, MZDE

JFSRARTACLS TS 425,425,450

""COMPENSATOR DESIGN WAS SUCCESSFUL.

425 WRITERS,76< NFF
WRITER3, 80<
D2 430 L1#l.NFF

430 WITTERIL21< SFFX] oo JBL o NFFC
WRITER3,85¢
D) 435 I #LoNFF

435 WAITESI,20< SFEXL <o JRLpNFS
WIITESS, 90<
DD &40 | ¥t 4NC

440 WATTERI21< CFHTI ,JCo JRLGNFFC
WRITERS,95¢€
D) 445 [#l4NC

445 HR;;E!Jozl('lFJ‘l.J(lJ.IrNF<>“.____
sy

———

s L o I P .

§ o ————— iy —————— . =

ITERATE ON COND. NUMBER.
430 IFEKFIL .EQ. i< GO TO 1099
CALL ASSIGNRCK EMS,EMF,ALOs FCPLX NS, NFF 4D, M2DIC
1AL#LAL
CALL DFMFPECONDIAL CXeCFoCGr0erdaE—4oL IMIToTERSHyMH, [CPLKM2D1C
WRIVEES,10< 1ER
STHSUMUSDANDRM-AC

€92 Wil TES3,98¢
62 TC 38 L
494 XIiTL<H AL-RODOTI</SUMD
WAITFE),99¢ KIRL1C
496 CONTINGE
WRITES,97¢
TWRT 1E 82
CALL SIABSAB ¢CoFFeFGoFsFI AH AV Ry RIS NCoNFoNFFoND N20 M2,
S TANASTWRITES
T3NlA®13/3.00
63 IC 152 _
SO0 STOP
END

PAGE OC



L IR

9,

LEVEL LB 1 SFPT 69 ) 057360 FORYRAN W O8TE  71.108/719.42,

CUMPILEA UPTIDNS = NAWEs  WAIN,(PTe02,LINTCNT®A0,ST7EsCCCOK,
SCUHCE 2 ICOoHOLISToDLCK yLOAC o MAP s NOED LT 4 IC s NORREF

1% 0002 SUBRCUITINF AMHY PAMAT JAMAT oCHAT  FMBTF o FMATG  FHATH FUATJ , AHAT NS,
c A NC o NF JNEF g MD 4 2DKC
(5 T AMAY ¢ RMATOFMATISCMAT  BMATOFMALH ¢
[ CONMPLYES AHAY # % ' <
E % FMATGeCMATY FMATF <

1SV 0003 REALOR ANATEND,VNC, RMATEMD  MNC  CHMATTUL , POC, FMATFEMN, MDC,FMATGEND,
c t MEC o FMATHEND ¢ FDL y FHAT ISMD o ¥ o AHATEN2D,M2EC
f. FOR SYSTEMS OF ORCER MIGHER THAN L, CHANGE THE FCOLLOWING REAL®S
t STaTEMENT

159 0004 REAL®A Db .6<
[

14N 000% DO 1C I¥1NS

I §N, 0008 DT 1C JNL1NS

8N 0007 10 LEL,J<n0,.D0

« 5V 9008 OO 2C Nl eNC

158 0009 DU 26 JNL.NS

15N 00i. N0 2C L%LNF

159 ¢oll 20 DET y CrDR] g JCEEMAT IR] L1 CBCMATEL , U<

ISy o112 N 3¢ 18]S

ISV 0013 N 20 J41eNS

1SN 0014 AHAT ] JUCNANATLEL ¢

fSv 0015 MY 3C Lel.NC

LSy 00ta 30 AMATYI!  JCHARATET , JECRMATSTLCOD L 4 UK

1Sy 0017 [FENFF JLl. NC 50 TO Y00

1Sy ume DO &C [&l.1S

1SV 202¢C CO 4C Ju1,NFF

15y 0021 JANNESY

158 0022 AHAT %], JA<CH0,00

1SN 0023 €D 4C LeL4AC

1Sy U024 40 ARATT! JJACHAHAT Y] 4 JACCRMATE [ ,LCPFMATHEL ,J<

IS4 ON25 DO SC IwloNFF

18y 00206 TANANSEH

15N 0027 BN SC JNL NS

1SN 0028 AHAT HIA, J<HC . LC

15y No29 [D 5C Lwl,kF

ISy 2040 S0 AHATIIA, JCHNAHATEI A, JSCFMATGE T LCRCMATEL ¢

ISy 00N NC 6C 141 NFF

1SN 0032 FSWASEL

159 0033 DG &0 JN1.NFF

I[5v 0034 JSHUNEELY

159 0035 h0 AHATY] S, JSCHFNATF R, J¢

157 006 100 CONTIALE

ISN 0087 HETLAN

15y OD38 END



LEVIL

158
15y

IsN

1SN

ISy
15
15y
ISy
1SN
1SN
1SN
15y
ISy
15N
[§1]
159
(EX
159
158
14N
154
18y
184
1SN
1SN
15N
15y
159
1Sy
ISy
1Sy
15N
15N
159
15N
15y
1SN
15%
15N
15V
ISy
ISy
15N
ISy
1Sy
ISy
159
158
ISy

1B {1 SEPY 69 )

oone
0003

0Cos

000%

N006
0co7
0008
0009
0010
0011
onl2
0013
0014
ools
001¢
om?
ools
0019
0r;0
cozi
0022
0023
0024
0025
0026
0027
or2e
0029
onio
nn3i
0032
0033
0034
0035
0036
0037
0036
0039
9040
2041
10642
one3
0044
0045
2048
0067
0048
0049
0050

NS/730 FOATRAN H DATE

“GMPILIR OPTEIGAS - AAMEs  MALIN,OPT2024L INFCNT60,S1ZE=COODK,

0o oOoOnn

500

10
20

1y

L1
%0

60

10

80

90

SOURCE ¢ 4L D, NOL ISTJDECK o L(1ACy MAP o NOECI T ¢ JIDWNINREF
SUBRCUTINE RAYLTALESEL oMoy VoV IyNyNEC
REALOA F EoRMNC, K ITMDC G VENNE WV ITHDC L AEME NDCy
] DVXR,CVR] yOVARRyOVARL¢ALsA2Z,A)
REAL®S DARREL2<,DXADIRY2C

FOR SYSTEVMS OF NRCER HIGHER THAN 12 CrANCE THE FOLLOWING REAL®S
STATFMENT

REAL®A NARLI2,12¢

FORMAT IRy 5512.4¢<

DO 1€ IkleN

NO 3C JulsN

NAZT ¢ JSHA®] ¢

DO ?2C [W1N

DASY 11 <WCAR] 4 I<=E

DVYPRAC.O

DD 30 Jul.N
DVXRADVYREVEICONEIL
LANREI<NO, O

DO 3C Lélen
DXDRYICHLXDREICACART JLSOXTLE
DVAXPHU. O

NO 40 JN1+N
DVAYRe[LVAXR+V{]IeDXDKI)
IFECIC 60,500,640

FAFLCVAYR/DVXR

KE1LRY

nyxlag.0

WRITERI,AGCCC DVER

WRETEESLENGC STXDRYLLS,LLOLNC
Cd 7C INLeN
DVXRADVAR=VIZI<oN]RIL

DVNIMIVY IEVIRIC4XRICLVEICOX ]S
wK] TEY3,800¢ DvYR,DVA]

00 hC I8N

DXDIXI<00.0

DO AC Ja).N
DXDIVATAVIRICEDAL] » JCXIRUC
WRETTO3,80C< EDYDITLLS ) LLNL ¢NS
AlnC.C

A7 0,0

A3NC.0

DO 9C [Mi,N

ALNALEVI XICoDXDIRIC
AZRAPLYITICeDXIRELL
AJNAICYRICOPXN] P

R IF P 1,800C AL 4A7,A)

iy XHALVARRLCETONVR[=A]

(. TRA2EAY=EoNIXR

AL KDVY teLVEPLDVX ] wOVR]

whl TET ), ANDC DVAXR,CVAX]
WRITFT 4,200¢ A}
EMELICYVRRODVAXRENDVRISCVAXIC/ AL
FINELCDvAR]SDVEIR=-D7ARYODVXIS/AL

T1a106/719.4).2



98

Jj
1?
a
if ) PASE
. 1SN 0041 RETLLN o _
15V 0052 END
4
A
LEVEL 18 ( SEPY 69 ) 057360 FORTRAN H CATE T1.108/719.43.
COMPILER OPTICNS = NAMF= AN, OPT=02,L [NECNT=60,SITE=CCOOK,
SCURCF ¢ BCLNILISF ¢ DECK, LUATIMAP(NBEDQL Y [ L 4MOXREF
1S4 0002 SUHRCUTINE GMREFMATF o FMATG FMATHFMATI G GFMyGGM o GHM ¢ GIM 4 NC o NF oNFF o
A »n¢ )
. C
L c STORFS FEEDRRACK AN COCMPENSATCR MATRICES OF THE EIGENVALUE wITH
{ é SHALLEST REAL FART THAY IS CHTAINCD NURING [HF [TERATIUN PROCESS.
15N 0003 REAL#E FMATFIND MDD FRATLEND POC FRATHEND,, PO FRATIERD MDY,
| GFNEMD G FDC L GOMEMD,y vDC  GHMEN D, MEL o CIMTIMD  MDKC
1SN 0004 0 8C0 Jnl,AC
{5y 0008 [0 820G LadNF
1SN 0D0s ACO RIMT I LCHFPFATIT S, LC
ISy OOnY IFYNFF .EC, D¢ 50 YO 808
15¥ 0004 0N AC? JULNC
- © 1SN agto N1 802 LALWNFF
# 158 onitl HOZ2 MHFP I LA PATHR 0L
1545 0012 NG RO4 J A1 (NFF
-4 15V o013 L0 RO4 L¥IGNF
1SN 0014 RGGL GOMT JLLSHFPATGT S, LE
IS 001% ) H0b JWl o NFF
“ 15V 0016 DO HN6 L #l JAFF
L [Sy 0o1v AC6 GFNTJI,LSHFPATFRILL
ISy 001# A08 CONTINGE
154 o0lo RETURN
1Sy 0020 END

gy

FeN N W B

sy
yommrnr i

L <

b

} o -




LEVFL

ISy

158
15y

IS\

15N
15N

15y
ISy
ISN
I SN
1S

18N
15%
IS5y
154
154
1Sy
15y
1Sy
154
ISy
1SN
15y
A8
ISy
Isv
158y
IS
ISy
IS5+
15V
[Sv
ISy
ISwv
15N
1Sy
ISy
ISy
154
15N
1Sy

IRt SePT 89 )

COMPILEL UPTIIANS = LAMER

0002

00e3
0004

coos

0006
0007

0008
0009
oolo
ac1)
0012

0013
0014
0015
onle
oolL?
oots
0019
oc26
pual
onze2
onz3
N2 4
0025
0026
on27
Q028
0029
adio
003l
0033
2103
nnis
00%
ona?
0038
0Ny
0040
0nel
00&2
0043

s NaBaNalakal

ano

255

260
26%

26e

20

2715

3

7

0523640 FORTRAN M

MATN,OPTa02,L INFCNT=60,31/7E=0000K,

SIUMET yNEL o NLLIST o UECK o LUAD G MAP NOFDIT, 1L NOXRTF

SUBKCLUTINE GRAUMER ;G oUELReNELKE o GIyGRF 4 GROGGRH Lo VIN, VAN KT 4 KRy

1 oNC o KF o NFFMDC

CUMPLTES GRADTENT UF LARGEST EIGENVALUE WITH RESPECT TU THE
ELEMENTL CF THE CCMPENSATIIR MATRICES FFy

FGo

FHe FJ.

COMALTD GRADIEMT MATRICES ARE GHRF, GRGe GRH, GCRJ.

REAL#8 BIND,MNC, CEMDy MDL

REAL®E GRERMDMNC,GAGAIMD, FOC,GRUEND ¢ MCCy GRITMD yMC <y VINSMDy 1<,y

YRNZMD, 1< XTTHNC, XREMOL
REALSR SUM,GFLR,CELKY

ROUGTIMNE 1S DIMENSION 'L FOR A MAXIMALLY &=TH OROER CUMPENSATOR.
FLr HIGHER CANFR (CMP, CHANGE THE FOLLOWING REALSR STATEMENT,
PEAL®H GFINO b LF RO 46K GNRITHs AL CLRYGECGHILH <o GHR TG 8¢,

GJ1%E 3y GC 9 GJIRYH 6K
REAL®E LJIMD, ML)

FURMAT GNP .TC

FOPVAT 7 /T3 ,alRALIFNT FATRIX DUE TO FJed
FORMAY G/ /T3, 0LRANTENY MATRIX DUF TO FrRa<
FURMATZ /T3 IGPALTEMT MALRIX DUR TC FGacg
FURMAT &/ /T 33 dGRADTENT MATRIX DUE YD FTa<

SLI'NG,. D0

LD 265 J#1oNC

DC 265 LwdNF

GCJR2SyLEMN 00

GJ124ei¢H0.CO

0O 24¢% Faly\S

DO 2%% TN ,NS

SJFPT J1E<CHINT 4 JCHCRL,ITC

DD 2¢C TNl 40S

DG 260 EIK] NS
GIREJGLEAGIRRI G LCEVANTIT 4 1<K CITI T IC*RREIC
DITTSeLCAOIT LU LS=VINPLT JI<eGIRIT o I<*R]IR]IL
CRITAJLCAC URBILCEGITITIHLE

DO 2¢6 Swl AL

DO 2¢6 LAY NF

SUMNESUNMLGRITISLE®SRITI,LC

WRIFE?,,60¢

WRITFPI,20¢ SRGQITILLS,LNL NS INTNCS
IFINFF .FGe 05 GO 1T 309

D7 275 IRl NG

B3 279 Lol JA\FF

CGHIEI LK AN, 20

GHL )LD 0)

DO 270 L&l NS

GHAT Y LEaTHREIHLECEVANT ] o3 <03 7], J¢
GHEPJeLSASHIE S L<=VINT] , 1<o0 8T, J¢
LANNSELL
ARUTILLCHGHITI G LSOXRTLACLGH]TI JL<ON ] TLAC
D0 285 Jal e \FF

NC 265 L&l oNF

D#TE

99
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!

L Bciad i 3

AN §

L o W“‘q

PN Ll st | b s )

- rampilivial

")

L

Dttt ol

-

— pmp e g W R b S
AV L A
Ll dh L L

0044
0045
0Nse
0047
0040
0n%9
0050
0051
oUs2
0053
00%
0nss
onss
0057
onse
0059
0060
onsl
0062
0063
0Ub%
ones
0066
0067
0068
0069
0070
0071
0072
0073
0074

280
2R

290

29%

296

297
ico

GLREJ, LCID.LD

GH1TJeLCH0.TD

DO 2FEC 18} 4NS

GLARSW LS HLOARIZLCECEL o TS NRE I
GHTRSaLenCOIRILE~CRL, ICOXIRIL

JANNSL S
GREYJILCHVPAE 1A L1 COGLRESyLEEVINTIA, 1COGGTITS LS
NO 250 Jal +NFF
NSJISRSEY

ND 250 Lol oNFF
NSL#MSEL
GREZJRLCAVRACNS Jo LCOXRENSLE=VINTNS S 1 <o X ENSLCS
WAITET 05

WRITFT3,20¢ SYGRHYI LS, LI NFFC J# L4 NCC
WRITI%3,90¢

WHTTER3,20¢ TSHRGRGAISLC LB NFCo N o NFFC
MAITFTS,95K

WRITEYS,20¢ TRGRFTJLCo L1 4NFF< N1 oNFFC

DG 29% Jwy NG

DD 295 Ll o/NEF
SUMNSUMLGRHES LECHGHHEJ LC
00 296 Ja#l «NFF

LU 296 LWL ANF
SUMNEUNECHCZ ), LCPGRGRI LS
pr 297 34 (0NFF

Bl 287 L&l oWFF
SUPRSLMECPFEI W LCOGRFT,LC
CONT IMNGE

DELKLN-DELRZSUM

RETLRN

A1)

B

100
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Sade

LEVEL

s, T 7

PO

159

1SV
158
IS4
188
ISN
15y
ISy
18y
15N
ISy
15v
ISy
ISy
ISy
1SN
1SN
158

ISN

ISy
ISy
ISy
158
ISy
f5v
($3]
ISy
isN
ISy
15y
1SN
5y
1SN
1Sy
15y

101

1A SEPY &y 1} DS/360 FORTREN M DATE
COMPILER CPTIONS = NAMEx VALIN,OPYa02,LINCCNTaAC,SI2ECO00OK,
SUSC R PCDNOLISToNENK ¢LUIBC, PAP,NOEDT Ty ELNOXREF
oou2 SUBACUTIHE PAXATERH,KI NS oNFF4M2DC
c
g COMPLY:S WELT MAVING MAXIMUN REAL PART
ano3 REAL®E ARTV20< RITHIDC RMR,RMT
0004 TANNSELFF ’ N I TmmTTmEr T on o
000% RMRERRLL €
0006 RMIKRTE1C
ono? NMSL T Sh T e e h - -
o008 DO 1CO Inl, 1A
0009 1FPRMA-IRTICC 50,100,100
o010 S0 RML#RRGIC v - T - T T
0011} RMI4RL 51 <
0012 NNE Y
0013 16O CONT INLE . e g e . e e
0014 RRENNSRARTLC ‘
0015 RIZAFCAR]INLC N
0016 RAT] <wnMR - TS i
0017 RIAL CHuM]
nole RE TURN
0019 - END e e mme e me mmm m—m et v—— ot o—— - . ————
18 { SFPT 63 ) 057360 FORTRAN M DATVE

COMPILER OPTICNS ~ NAMEs

0002

0003

nons
oons
0cos
oaor
oong
onio
ooti
0012
0013
00l
0015
anle
am7
rale
GOoly
0020

aoOonn

VMAIN, CPToQ2,L INECNT2&LC,ST2E=CCLOK
SCURCEWACC,NOLISTGECK yLOAD+MAP yNOEDET o 1L NOXREF
SUBRCUTIAT GADFLEFMAYF  FMAT G FNATHR FMAT ) GF o C5eGloCJ GRADF GRADG,
3 GRADHyGRADJ JDELK2 ¢ NCoNFoNFFo#DZ

CALCLLATES THE CHANGES IN THE FEELRACK AND COMPZNSATOR MAYRICES
DUE TC CELK2 AND THE CCRAESPCNDINC GHADIENTS '

REAL®S FMATFIFD,MOC,FNATGUMD,MDC, FMATHEND , MDC, FMATJIND MDC,
1 GEYMC MR, SGIME 4Dy GRAMD NEC 4 GJ EMD, MOC s SRADFIMD o MDC
2 GIADGEND, MLC ) GRADHEME , MD&y CRACITPN W MOC, DELK2

DO 495 JWLeANC

0D 4C5 L #LoAF

FMAT %4y LENGISI G LSENELR2#GRALIZ Ao LL

IEINEF LEC. 1< #0 TO 425

DU 41C Jal4AS

DO 41C L#1,NFF

FMATRES, LEHCHED LCECELK2OGRASHE S, L

DO 415 JALLNFF

00 &1S LWL4NF

FFATC R, LEHTH R, LCLOELNZSGRANG TS, LE

NO 4«26 JeL,\FF

00 42C L UL, NFF

FPATFY 5o LCHGF %o LLCELK2OGRACHS Il <
CONT INGE

RE TURN

END

409

410

41%

420
%25

T.108/19.4),

TL.106/19.42."




VFL

15y

154
15¥
ISy
I15%
1Sy
ISN
ISN
15y
ISy
1SN
ISy
1SN
ISy
15~
15y
1Sy
ISy
ISy
15y
1Sy
1Sy
ISy
feN
15N
18N
159
18N
1SN
ISy
15y
1SN
15y
188
15y
ISy
ISy
15y
15N
[§-3"
159
ISy
ISy
ISy
ISy
1.N
15y
1S\
ISy
1SN
159
15N

18 1 SEPY 69 }

0002

00c3
anne
000%
0008
gon?
ooos
0oo9
orto
0011
0012
0013
0014
001%
00ls
o017
0014
0ol9
goz0
0021
0022
0023
0024
0025
onz2s
0027
0028
0029
0030
06031
Qo032
0014
onie
0035
0036
co3?7
LLEY:]
0033
0040
0041
0042
on&a’

0044

0045
0046
one Y
onad
0049
0050
onsl
0052
0os 3

s Xalal

20
40

50

&0
ec

100
120

140

160
1RO
2G0U

220
2RO

057360 FORTUAN N

CUMPILSA CPTINNS - NAMFa  WA1%,CRTeN2,LINECNT=60,SIZE=ONCOK,

SCURCE ¢ RLD W HOLIST o DECK yLUADGMAF yNOF2ITy ILoNOXPEF
SUBRCUTINE HSHERN AW AgMD2C

COLNVERIS A TO UPPER HESSENRBERG FORM

DIVEANSION 22MN2C
ROUBLF PRECISIDN A,P1V,T:S
UCLURLE PRECISTION DARS
LaN

NIAWLe]A
LIANN}A-TA

1F®"L=3< 3,0,40,40
L1ANLLIA-]A

LlwNL=-1

LZ¥L1-1

ISUBAKLIAEL
TPIValSUR-]A
PIVANLUSRARIPIVCL
IFEL=3 90490,50
PAIPIV=12

DO AC INLsMelA
THDARS JARILC
TFET=PIVC B04R0,60
1PIval

PIVHY

CONTINGE

IFERPIvC 10G.320,100
IFPPjv=-2ASTARISUBLSS 180,180,170
MelPiv-L

DD 140 [al,L

JEME]

T#AL JC

¥uLIBEE

AZICHALK

ATKCHT

NUL2=~M/L A

DO 16C EALENTA,TA
T#ATl<

JE]=p

AZ1<hAGUL

AYICHT

GO 200 TAL.LTAYIA
ArICAA L] KZARISURC
Jik=14

g 264C 1#1,L2
MLNISYK

LJWLEJ

L0 22C Kal,Ll
FJNKLY

YLAKELIA
ALKICHNIKIC-ASL JCPARKLS
CONTINLE

Ka~[ 4

G0 3Ca 181,N
Y.OKETA

LKaKEL]L

DATE

102
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15N
15y
ISy
ISy
15y
[
ISy
ISy
1Sy
ISy
[EY]
18y
ISy

LEVEL

ISN
15y

1SN
ISy
1SN
1SN
ISy
IS\
15%
ISy
ISy
18%
ISy
1Sy
18y
15%
15N
ISy
18N
I15n
SN
I8y
18N
1SN
I8%
1S4
ISy
ISy
188
IS4
15N

Q054
N0%s
nnse
0057
0N%R
0059
0040
vnel
0062
00463
0064
0065
Q066

2P0
3ag

3C
320

160

18 t SEPT #9 )

SWATIKC
LdsL=1a
00 7RO

JRWKEY

LauLJes
SwsLarn
ATLV
neg 3n

ARI<an,
LaLl

Go vC€ 2
RETURN

END

JrE,L2

A
JECSAYIKC]) 000

INLebiAg]A
000

0

057360 FORTRAN M . DATE

COMPILER OPTIODNS ~ NAMEm= WMAIN,OPT=02,LINFCNT=60,SIZE=Q000K,

0002
0003

0004
000%
QCos
o007
o008
00609
Qo010
oot
00t2
¢o13
aots
0016
0017
om9
0020
0021
0022
0023
on2«
002%
0026
Q0?7
noza8
onzs
Q030
Qo032
0033
0032
0034

10
20
a0
40U
50
60
10

160

110

SUBACUT

k)
PEAL®R
1
NIMEASY
FORNAT
FORMAY
FORMDY
FORMAT
FIRV AT
FORMAT
FORMATY
TANNSE.,
IFitne]
WRITE
W] TFTS
1FONFF
wllTE?S
Wl T¢*3
WRITETS
wRIFF™s
WRITETy
WRIFEY]
CONT INU
CALL AN
CALL My
LALL H>
CALL af
IFLieal
wRITFey
WRITEDS
RETURA
END

SCURCEACOyNUILISTDECK s LOADyMAP yNOEDT T, ICNOXREF
INE STABUA B, CyFFoFG FHeFJ o AH AV RR R ¢ NS o¢NC oNF s NFF ¢ MD
M2De M2 L ANA, IWRITFC
AFZFD yMDC B EMD ¢ MDC o CXME ¢ MEC 3 FFEPD 4D, FGEMD ¢ MDC o FHTMD 4 MDZ
FJPME ) NDC L AR EN2U S MZDS  AVIR2C o RARENM2DS RIEM2Z0C

ON JANAZNM2DZ

R//V3,&4DIRECT FEEDBACK MATRIX FJag

14E18.7¢

X//T2,GRO0VSdeSNyaREAL PARTD, 11Xy@IMAG, PARTEC
X2€20.6¢<

/773 ,dCOMPENSATOR DUTPUT MATRIX FHa<
L7713, ACOMPENSATOR INPUT MATRIX FGa<
27713, aCOMPENSATUR MATRIX FFe<

F£F

TF .EUa 0) GO TU 100

3,10

120< BUFJNE o JCo SN Lo NFSy TN L oNCC
«E0a < GO TO 10O

v 50C

206 SYFNTD LISy WL NFFC N W NEL
Y1114

220€ BIFGLRT IS JFLWNFCo IW] S NFFS
o TOC

0dCC SEFFE14JS s IJRLINFFLy TN L 4NFFC
14

HICA B CoFR o FG s HoFJpaH NSy NC o NF ¢ NFFoMD, M20¢
FCTSAH AV |AJM2DyM2C
HoNJALAV ] A,v2<

FIGCEIA AV RAUIRToLANALJAGM2L 4M2¢
18 M. ) 6O TD J10

» 30V

140€C CRATICUTIC TN TAL

103
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LEVFL

15y

15N

ISy
15N

ISN
15N

I59
ISy

IS5y
I5v
ISN
[§4]
[§3 ]
3]
Isw
15w
15y
1Sy
IS
15y
15N
1SN
(Y
1SN

158

I15v
ISy
ISy
I5N
15N
ISN
ISy
15N
ISy
1Sy
(£

L8 § SEPI &9 )

oonz

0003

0004
00ns

0C0e
0007

o008
0009

G010
oGl
nci2
o013
onl4
00146
112173
oot?
nola
ool9
0020
0o21
Do22
0023
oc24
0029

0026

no27
neeze
on2g
0030
c0131
o032
anii
0034
003>
nnis
0037

087360 ENRTRAN H ' DATE

COMPILER DIPTIDNG = RAMEs  MAINGIPT«02,L INFOCNTRAU,STIZFECCCOR,

[a2aNaXalal

310

4CO
191

192
40}

430

193

Tve

415

SLUALE s BCL o HGLISY  BFCP o LUalty MAR JNOEDT ¥4 JCoNDEREF
SUBRIUTINF APPRINXTANMA] JHMAT yTHAT q ARAT qul Ao RN K] oTHAIF JFMATS JFATH
T aFMAT I GGT oGO e GI ¢ GFP o LOM G G1M o 0, GRADF s GRADG
GRALFL G DRAL S ¢ NS s NCoMEF oNEF MO 20 M02 M2, LANA,
Stn:u-DFLKI.nFLR.DELRI.IIEST.RCQYI.ROO'R.RUOYI-
NBESTC

W N e

RUUT'“% CETERVINES MAXIMUM EZCOR RECUESTEL <€ STABILITY ALONG A GIVEMN
GRADIENT,CUANRATIC CURVF=-FIFTING TS USFN TO CEYERMINE THE
HAKIMUM,

REAL98 AMATSMD,MDC,RMATEMC ¢ MEC,CHETIME , ¥DC, AHATIM204MN2DC,
AMMARMPC RREV2CC yRITMIDK o FNATFRMC,MOC o FMATCSMD s MDC o FMATHEMD
e MUK FMATJTIMD, FDCy GF EVD g MOC ¢« GGRMC s MDC AHERE  MDC 4 GIZMD 4 MDCy
GFVEND PNy GOVPAN o MOK, GHVEF D MEC ) GIMEME ML €, GRADFEMD , MD <,
GRADGEFD s MDC  GRADHAMO,¥N<, CRADI LMD, MD<

DIMEASION [ANATM2DC

REAL®B DFLK]OELKZ yODELK3IDELK4,RCCTAROOTJ4RO0TL,RO0T2,RODT 3,

) KCCT4,RUUTS ’

REAL*8 DELR,DELIL+STOPR

P VRV

CALL GHRDELIFMATF JFMATG oFMATH FNATI 4GFoCGeCHe GJyGRADF yGRADG
1 GRACHGRANDJIWNELKLNC o NF ¢ NFF 4 #DZ

IWR] IE=D

CALL STAELYAMAT 4RMAT ,CPAT s FMATF FMETG,FMATHFMATIAHAT  ASAARRHR],
A NS 4 NC oNF ¢ NFF o MD,M20,M2 4 [ALA,TWRITEL

CALL MAXRTZRAR+RI NS NFFeM20L

JFPRaR<=STCPRC 999,330,330

RCOT204R 21

KOUNILal

KOUNTZ2 ¥l

JFERCCI2~ACETIC 400+400,590

KOUNTLaXTJUNTLG]

IFLICCI2=PCCTIRS 791 +792,792

RODTINALELL

RCOTINAI 1L

CALL GrRARFNMATF FPATG  FMATHoFMATIoGF¥ GGV GhM e GIM 4 AC o NF ¢ NFF ¢ MOC
NBLSTandESTEL

CONTINLE

IFYKCLAT1=10< 401,401,899

DFLK 2N 2. CODELK]

CALL CRDELEFMAY" yFNATGFMATHFPATJIGF GG GheGJoGRADF 2GRADG,
1 GRADHZGRADJ JDCLK2 4 (G o NF o IFF o #D<

CALL SIAPYANAT HMAY CNAT JFMATF(FMATA  FMATHFMATJ o AHAT ;AAAARR R,
A NS NC o NF g NFFaMN ML M2 TANAGIWR I TEL

CALL MAXRTXRR R NS NFFyM20<

IT ERTLC~ST10PRC 999,630,430

RGO Ikt B1C

IFTRICIS=ACCTRS T793,7%4,79%

HGOITRAK4?LC

RCDT ingl R1C

CALL GMPYENATF JFMATG FMATH FVAL ), CFV GOV GHM o G IM o NC o NF ¢NFF ¢ MOZ
MRFSTa.LESTELD

CONT INGE

FFZRCOII=-C0T2< 415,440,840

IFTERCLY 1 =HCOT2</ SRCOT2-RCOT 3IC-1 . LICCC 440,5C0,50C
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15N
159
I5N
15y

i5v
15N

158
1SN
15N
ISy
15N
Isv
ISy
ISy
I8N
154
ISy
ISy
ISy
{sy

ISy
1SN

15N
15V
154
ISy
18y
15y
159
15y
154
154
154
1Sy
ISy
I
15%
IS4
5%
15V
15y

ISy

IS5y
ISy
fSy
15y
1SN
1SN
187

oGie
003y
1040
0041

0042
0063

0044
0045
0046
0047
0048
D049
onso
00%1
0052
00453
00%4
0055
Q0%6
cos?

00%8
0059

3060
0061
0062
0063
COb4
006%
4121
00&7
0068
0069
ocTo
0071
ont2
0073
oG T4
ants
0076
0077
0018

007y

008U
onel
o042
Q0nA3
TOHS
onRsS
noke

105

&40 RGNT280aUCTI
NCLW LN EiLKR2
GO rC 400
500 OELKINLELX1®ZRCOT 3=4,COOHUOT2E3.COREOTIC/E2.00%RCOTI~4.009R00T2
LE2.rCe4lT) 2
CALL GAOELEHMATT s FMATG FMATHeFRAT I GFoGGeGHe GJ ¢ GRADF +GRADG »

l GALADH GRADJ W NELK I NC,NFyNFF, ¥DC
CALL SIARZAVAT ,AMAT CNMAL ,FMATF FMATG FMATHFMAT) JAHAT JAAAARR R,
A NS oNCoNFoNFF yMOoM2D4M2¢ TANAy J A ITEC

CALL PAXRTIRILRI NS NFF,M2D¢
IFERITYL-STOPRC 993,530,530
230 RCOT&4HARTLS
IFTH(CI4=RCCTIRS 795,796,796
795 ARCOTAN<A E1Z
RCOTIwAl 1<
CALL GMREENMATF yFMAT 3y FHATHFFATI o GFM GOHMyGHMGJUM NC 4 NF ¢ NFF o MDC
NAESTABESTEL
796 CONTINGE
IFRALCII-ATITLC 945,515,535
539 IF%ICCIL ~RCOT4="ELRLIC 999,540,540
540 UELQ4ao00%2200T1-RCQT4C
G0 1 399
6545 DELKGALELKRLIESTREDTI«ROCT2<*ENELK I-NELKIC*TDELK I~DELK 1<~ CROOT 4=
1 RICTUCODELKIONELKLIC/ 22,000 352207 3I-RNNIT2<* JUELK ¥I=DELK L <-CSRO0OT 4~
2 RECT2CwNELKRIKE
CALL GRDELRFMATF (FMATSFPATH FPATIGFGGaGHyGIoGRADF ,GRADG
i GRADHGRADJ+DELK&G ¢ NC ¢ NFyNFF WD
CALL SIABTANMAT JANAT JCNAT ,FMATF ¢FMATGoFVATHFMATI JAHAT JAAAA RRRI
A NSeNC o NFONFF MO M2DoM2 o [ANA, [WRITEL
CALL pi‘ﬁ'g“n.RIQNSQ~FFQN20<
I1FTHRELC~-STOPRS 99,575,575
5715 RCGOTSmaR §1C
IFLICCIS-ACCTHC 797,778,798
177 ROCTRUARSLC
HOCT Taxl ¥1¢
CALL GrHCFFATF FMATG  FMATH FNATISGFM GONoGHM ¢ 5UV o AL o NF ¢ NFF o MDKC
NAESTaBF3TEL
738 CONTENGE
IFSICCHl ~RCCYS=-CCLRIC 599,580,580
280 NELIN.5NDTLATI-ALAT5¢
GO V& 479
530 COMTINGE
KOUAT2AKUUNT2E]L
IFTKCL P 2~10< 595,595,899
504 NFLKZ2#LELK]
RGOV INaCOT2
DELVNINSTORCELKY
CALL GalFIEFMATF JFMATS, FMATH, FPATY 3 SF2GGoGreGJyGRANF4GRADG
| GRADHGGLADS yDELK ) o NC o F ¢ NFF 4 ¥DC
CALL SIANZANMAT PV S yCVAT  FMATF L EMATO FMATH, FMATY ,AHAT ,AAAA,RR 4RI,
A NS o NE o F o NFF sMDeM2ZDeM2 o JA LA IWRITEC
Call MAXRTIRR R oANSoNFFeM2DC
JFTuti<~SICPRE 997,630,430
630 RECI244271¢
{F*4{C12~-RCCTRC 799,800,800
1Sy RCCTRI R ELC
nLCET 1) Pl C
CALL GAAYFMATF oCVATS o FMATH I AT CFMyGON o GHY GUMNT o NF 4 NFF 4MDC
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e ey

==

I5v
(B
I SN
158

ISy
ISy

18w
15y
I SN
15V
1Sy
ISy
I 5N
159
15V
ISy
15N

fS%

15V
15y
83
1S~
Isy
Isv

0Nk’
aned
[ IPL
gnnn

anay
0072

on9 4
0094
ongs
N0
L7
[+11DT:]
009y
aino
0lul
2102
0103
al04
010%
0lnh
o1n7
al08

oto9
one

0111
al12
o113
oLl
nLls
01tk
2117
Olle
0ily
0120
0121
N2
0123

Lo

04l

410

6801

AC2

AT%
680

6RY
69G

354

199
1060

106

YHEA TR \HLESTEL

CaOMNE INLT

FREALC12=ACCTIC 04l 840,590

PELEARIL LK LOEAGNT 34 ,CNCRCOTZEILDCSRCAOT 1K/ 22.DUSRCDITI= 4, DO*ROOT2
LL2.20030CT1¢C

CALL GUADELLFMATF FMATG FMATH FMAT I GF L0 GHoOJ s GRADF 4GRADG,
1 GaANHGRADI +DELKIGNC oNF 4 NFF ¢ DS

CALL STARZANAT OMAT JCNMAT JFMATF oFPATO FMATHFMATU ;AMAT JAAAMA RR,RT,
A NS oA NE G NFF MO M2DeHM2, [ANA, IWR]TEL

CALL MAXAT SRR H] NS NFFyM2D¢

[FTIHEIK=SYOPUC 979,46 T006TH

RCOT4NARTIC

IF¥ArCi4=-ACUOTRC A0L 802,802

ADUTRERCL ¢

RCOTIaRI K1 C

CALL CMREFFATF JFVATG FMATH FMAT I, CFM GGM GHM, GJIM o NE o NF yNFF yMDC
NEESTH JHESTEL

CONT INUE

IF®ACTL-RCOT2C 6T5.675,685%

1P CTi-a0CT4=NELRIC 899,680,630

D LANL DO RICOTE-AL0T 4L

6D TC w39

FFER(CFL~ACUT2=~CELRLC 899,690,490

CLNTINLE

CALL GANELEFMATF ,F VAT oFWATH FMATI ,GF G0 GFeGJ s SRADF 4GRADG,
1 GRALN «GRADJyDELKL ¢NC o NF o NFFyMDL

LELR#. 3L, 08TRQCTYI=RMLOY 2€

CALL SIAVTYANAT JPMAT JCHAT oFMPATF oFMATG FMATHFMATY yAHAT sAAAA JRR,RT,
A NS e NG o IF s AFF oDy M2D, M2, 1ANA JRRITECS

CALL MAXRTPRR, R «R5MFF,M2D¢

IF Y C=-STCPRE 999,72%,72%

ACOTImcr 11 <

IFTRICIL-RCCTRS 803,899,899

RODTPHcRTIC

PUCT IAd] XL : .

Chull GNRYFMATF oFVATS o FMATH FMAT I CFVM  GOM o GHVM g GIM G NC o NF o NFF o MD<
NHE S TAWMESTEL

ITESTHL !

G 1C jcCo

ITESTHe

RETLRA

END

PAGE 003
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Srwition. ol

ISN

I SN
15N
1SN
ISN
1SN
ISN
(AL}
IEN
1SN
1SN
15N
1SN
SN
1SN
15N
1SN
I SH
15N
15N
1SN
1SN
15N
[SN
1SN
1SN
TSN
1SN
TSN
1EN
1SN
TSN
ISN
1SN
1SN
ISN
1SN

L1217

cl2e
cl2s
cl3c
ci2
€13z
¢l122
€134
c12¢
cl12¢
c127
c12¢
t12¢
Clal
t141
Cle2
Cla.
Clad
Claé
Clat
clsas
C1%C
clsl
c1sz
c1%2
C1%4
c1%¢
Cl5¢
cl.?
Clc¢
ClES
clec
cietl
Clés
Cle?
Clee
cles

o0

L1944

&1C

44C

41
4ez

484
4“ec
&3¢
144
4%¢
t1 4

........

- b A -

AUNALT o Jh w3 (T o JPIEYIR I) 0 BUNLIKed)
CCPPLIATICN CF THE GASN weTRIX KUNEL)

CC 41C Il MG

CC 41C Jel 4AS

ALYLEE y 2V o0

CC 41C Kal ,AS

AULNLIL g Jd mAL XL U] 4 J)ERIR J (D 0BUXI(K )
LC 42C Isl,AC
CC 42C Jm]l NS
PLIIJd}ugeDO
CC #2C Kol AC
PLIT o dV =Pl (T o} ERL UL oKD u2UXNL UKy 2}
CC 43C Jwl,h§

OC 43C 1sl,AC

AL s J)mFY (L od) = FlltJ'

CELeC.DC

£ &44C Jel (AS

DC 4&C Iel,hC

MC CCMPIRISON WITH x{l)

IF(DABSIPY I od}) oGTe TLL) SVILIWCARSEAUXII W J)/PLLTsd))

IFLEVIl) «6T, CEL) CEL=SVIL)
CCATEME

IFIDEL=TCL) 460,460,650
IFLETER=FARIT) 462:4470,4T0
CC 464 Js] (NS

CC 4é&4 [sl ,AC
PLIJ1sEY LT o)

GC 1C 1¢C

$RITE {3,250 DEL,ITER
NETLRA

PRIIE (3 42C) TCL.PAXIY
RCTLRA

bR 1EL3 10

REYLAM

WRIVE(3 15} TER

RE TLAA

MRTIEL343C)

RETLAA

EAD
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LEVEL

ISN

ISN
15N

ISN
ISN
15N
1SN
15N
158
ISN
ISN
ISN
15N
ISN
1SN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
15N
i1SN
15N
ESN
(1]
ISN
1SN
15N
ISN
ISN
1SN
1SN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISn
1SN
ISN
ISN
ISN
ISN
15N
15N
1SN

18 { SEPY &9 )

057360 FORTRAN H

COMPILER CPTIONS = NAMES WA IN,UPT®02,LINECNT=60,51 LEwO000K,

0002

0003
0004

Q003
acob
0007
0008
0009
0010
0011
ool2
go13
0014
0015
0016
0017
001A

0019

0020
oozl
o022
Qo023
0024
0025
o026
0027
Qo028
Go29
0030
0031
0032
0033
0034
0035
aa3de
0C37
0038
Q039
0040
0061
0042
0043
0044
0045
0046
Q047
0048
0049
Q050
0051
0052

[x Y nd 2l

20

0

40

60

&5
a7
68

10
7%

80

1ce
10

120

SCURLECOsNULISTOECK ¢ LOAD ¢MAP (NCEOI T I CoNORALF
SUBRCUTINE ATFIGIMyARRoRI[ANAT1 A MDML2)

COMPUTCS RODTS OF UPPER HESSENSERG MATRIN & _
CIMENSION AING2},RR(MD) JREIND) 4 PRAT2) (PRII2) o TANA(MD)

'CDUEIE PRECESEON E72TCyELQsUELTA PRI GPRIZPANIPANL RS, ToAglis v RR,

R1RMOBEPSoD oGl pLé oGIoCAPPSIL o PSI2oALPHALETA
DOUBLE PRECISION DaABS,DSORT,DMAK]E .
INTECER FoP1,0
ET=}].CC=-8
Ebu ]l JOL=¢
EL0=1.CD~=10
DELT 2»0.5D0
RAX{T= 30
N=M
LJELTY ]
INsN1® A
NN= INCY . .
IFINL) 30.1300.30
NPaNEL
iTe .
DO &C ([=1,2
PRR( [)2D,.0D0
PRE{ 11=0.000
PANeC.CDO
PAN1=0.0D0
ReC.CCO
Ss=0.CCO
N2ah |=)
INL=IN=| A
NNDLs INLEN
NiN= INEND
NINLsJN1ENL )
TeAfAINLI=A(NN)
UsTety
Va4, CCuvAININIVALINNL)
FFICLBMVI=U*ETY 100+100,£5
TaULV
IFCCARSITI=CMAXLI Lo DABSIV) IOES) 67,67,48
T=0,GL0 .
UstA(NINLIEAINN D)) 72.000
veCSCRILDABRSITI I/ 2.000
IFET 1140, 70,70
IFtU) uO, 75,75
RRIN]1I=UEY
RRIN Jey=Y¥
G0 TC 130
RR(NL)syu-y
RR{AJaLEY
GO TC 130
TFIT1120,1104110
RR{NLI=A{NINL)
RR(M)eAINN)Y
G0 TC 1M
RIIN])sALNND

—iams s et —— P S U U

.- + — P - ——— . A 4t - e cm—— - P .

[N —— e e i R a e - e e - p—— PR, ce

LareE
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,.._
B

 g—

15N
ISy
1SN

1Sh.

15N
1SN
ISN
15N
1SN
ISN
ISN
ISN
1SN
N
ISN
ISN
ISN
1SN
ISN
ISN
15N

1SN

ISN
1SN
ISN
15N
1SN
15N
1SN
15N
1SN
ISN
ISN
ISN
15N
I5SN
ISN
iSN
ISN
ISN
ISN
15N
I5N
ISN
ISN
1SN
1SN
1SN
ISN
1SN
ISN

1SN
15N
ISN
ISN
15N

0053
0054
0055
0058
0057
oose
0059
0040
006l
0082
0063
0064
0045
0066
0047
00s8
0069
0070
ooril
0072
0073
007T4

0078
007s
oor?
oore
0079
008G
008t
0082
0083
0084
0085
00RAs
ooe?
[+1+].1]
¢oas
Q090
0091
0092
0093
009«
0095
009
o097
0098
0099
0100
0L0l
o102
0103

0104
0105
0106
o107
03108

130

140

160
180

240

250

260
309
320

RR{NJ=AININT)
Alinieg,CCC
RLInL}=0.C00
RIi{N1}=0.0

GO TC 160

AR{NL) sy

RRIN =

RIINLI=Y

RI{N)o=y
IFiN211280,128041080
NIN2aNIN|=1A
RMOCsRKINLIORRINLIER] INL)OREINDD
EPS=ELlUeCSQRTIRMOD])
IFLCRRSTEAININZ) )=EPS) 1260,172804240 e
IFIC2B5{ AINNL Y )=ELOSDABS(A{NNI}) 13C0.1300,2%0
IFCCARSIPANL=AININZ)Y=DABSIAININZ) )OER) 1200412404280

R S L T B

“IFUCABSt PAN~AINNL M) -DABSEAINNDIY IES) 1240,1240,300

lF:ll-Hlllll 320412404 124C

Ju

00 3¢C Iwl,2

KeNP~ |

TFCDABSIARIK I-PRROT ) JEDABSIRIIKI~PRI(I})-DELTA®{DABSIRR{K}}
CUABSIRIIK)I M) 340,360,360

340 J=yil
360 CONY INUE

440

460

480
5C0

520

525

5130

540

60 TC (44046460046Co48C)4J
Rx0.(LC

SwD,.CCO

GO ¥C s50C

J=NE 2=

R=RAIJISRR{J)

SeRR(JILRR{J)

Go rC 300
ReRR{AJSRRINLI-RICNISRIINL)
SsRR{NJIERRIN])
PANSA(INN])
PANIwA{NIN2}

CO 52C I=1,2
K=NPa]

PRR{ LIsARIK )
PRILII=RTIN}

PaNg
IFIN=316C0,600,%25
IPl=h]ng

CO 580 Ju24W2
1PtalPi=1A~]
IFICARSLALLIPINY-EPS) 600,600,530

AT TAY Y

IPIPZ=IPIPLIA
CaACIPIP)e{ Al IPIP)=SICALIPIP2)*ALIPIPELIER
IFL{C)540,56Cy 540

P T — - -

- - . - . e o®

IF(DARSCALIPLISALIPIPEL) ) o (DABSLALIPIPICALIPIPZEL I=51CDABSIALIPIP2

L2) ))=-CABSIDISEPS) 620,620,580

560 PaNi~J
S80 CONTYINUE
oL0C Q=p

GU TC A0

620 Plsb=]

109
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; ISN
& ISN
- 1SN
ISN
ISN

) ISN
- ISN
iSN

“ISN
1SN
1SN
ISN
ISN
1SN
1SN
1SN

_ISN
1SN
ISN
ISN
SN

- ISN

. ISN
l; 1SN
ISN

ISN
ISN

_ ISN
b _ISN
ISN

ISN
ISN

ISN
: ISN
3 SN
1SN
1SN
ISN
ISN
15N
ISN
ISN
ISN
ISN
1SN
1SN
1SN

e B wepas

SN
(3.1
ISN
ISN
158
IS5
1SN
ISN
15N
l§

0109
otio
011l
oll12
0113
0114
Gl15
oll6
o117
ol18
all9
0120
ot21
0122
0123
0124
o125
0126
o127
0128
0129
0130
0131
0132
0133
0134
0135
0113s
0137

0138

0139
0140
0141
0142
0143
0144
0145
0l&s
0147
0148
0149
0150
0151
0152
0153
0154
0155
0l56
a157
Q158
0159
0160
0161
0162
0163
0164
0165
1311

650

560
680

7C0

T20

740

160
Tac

8co

820
840

as0

880
gCeC
920

940
980

980
10c0

1020
1040

1060

1080
1ico

QuP i
IF(P1-1)16R0,6080,650
Ch 6¢0 1=2.P1
IP{nIPl~[A=]

IF{CARSACIPL))=EPS) 480,£80.66C

C=0=1
[is{P=-L)01ALP

00 1320 I=PyN}
Iia]l=}a

I1P= 1151 A
IF{1-P)T20, 700, 720
IPIstltl
IPIP=fpE]

GLwA(LINSEALIII=SICAITIP)OALIPIIER
G2sACIPTISTALIPIP ICAIEL)-S)

GisA(IPL)oALIPIPEL)
ALIPIEL) =C.0DO
60 vC 780
GleA(Iil)
G2mA(lL1L))

1F0 I=NZ) 404 740, 760
GI=ACILLER)

GO ¥C 780

G3=0,.0C0

CAP=LSCRT{GL*GILG29G2EG3*G3)

IFLCAPIBCO,0860,80C
IFLGL1) 020,840,840
CAPn=CaAP

T=G1ECAP

PSIlaGas
PS12=G3/7

ALPHA=z2,0C0/(1.0DOEPSL1*PSTLERPSI2OPS]2)

CO TC aB8C

ALPh 222,000

PSI1a0.000

P51 2«C.0C0
IFt1=C19C0,960,900

IFL =P )326+940.92C
All1Ll)==CAP

G0 TC %40
ALLIL)==ARDRILY)

[FLRN

CO 10&u JeleN
TapSILeA{lELd
IFI1=-N1)980,1CCO,1CCO
1P2JslJE2
TuTCFSI20A1 1P 20Y
ETA=ALFHASITEAILJD)
ALiJIsAl 1J)=-ETA
ALTJEL)mALBJEL}=-PST1eETA
IFL1=-NL}1C2Co 10404 1C4C
ALIP2))=ALIP2S)=PSI2¢ETA
Id=1JCIA
TF{1=-N1}10PG,1080,1C060
K=y

GG ¥C lico

Kells

IPsl IP=]

- p—- T M b emrme —— 4 pew
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ISN
15N
ISN
ISN
ISN
ISN

ISh
ISN
ISN
ISN
1SN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
15N
1SN
ISN
ISN
i{SN

TISN

1SN
SN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN

1120
Lis0

" 1160

1180
12C0

1220

1240
1280

© 1300

1320
14C0

D 160 Juyok

JIPx IPLY

JisJ1p=1a

TapSIieaqJip)

LFLi=N1}1L2C, 3140,006C
JIF2aJ[PETA
TsTLFRSI20A1J1IP2)
ETAMALPHASITLALJIY)
AJTYnAl JI)=ETA
ALSTP)A(JIP)=ETAPST]
IFCI=NL)EL4C, 118001180
ALJIP2)=ALJIP2)=ETASPSI?
CONT INUE

IFL1=NZ) 1200222041220
JI=[JE3

JIPnJIE]A

JIP2aJ IPLIA o
ETA=ALPHASPSI20A{ J1P2)
ALJ ] )==ETA

AMJITP)u=ETASPS]] a
AL STIP2)sAlJIP2)~ETASPST2
tI=1IPCL

Ir=1veL .

GO TC 60
LFIDABSL AINNLY ) -DABSLAINLINZ)))
IANA (N} =0
[ANAINLY =2

NsN2
EFIN2) 1400, 1400420
RRENDIALNND
RI{NI=(.0CO

JIANA{A =Y e
IFIN1YL6CO, 1400, 1320

NasN1

GO ¥C 20
RETURN
END

- —

-

13C0,1208041280
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|

LEVFL YA { SEPI 6y )

1SN 0002

ISN 0003
15y 0004

1SN 0CO05
ISy 00Cs
15N 0007
I5% 0008
1SV 0009
1Sy 0010
ISV 0011
ISV 0012
ISy 0013
159 0014
ISy 0016
15V 0nle
1SV 0017
ISy 0018
15N 0019
1Sy D020
15y 0021
ISy Qo022
[SN 0023

15V 002¢
1SV 0025
ISV 0026
ISV 0027
15v 0028
1Sy 0029
1S4 0030
1SN 0031
1SV 0032
ISV 0033
18N 003&
TSGR
ISV 0036
18V 0037
1S4 0038
ISV 0D39
ISV 0040
ISV anel
1SV 0043
[5% 00%%

(2 XalaN=Nalal

[alalyl

400

600

&Gl
607
663
604

hih
606

60?7

057360 FNRTRAN w

CAMATLER UPTINKS =~ AAPEs  PAINGCPTwO2,L INECNT=60,417E=CCC0K,

SCHRCL oKL oNULISTDECK y LGAN MAP L CFOI T ¢ IDyNOXREF
SUBRCUIINE CIRVECRIVC, Ay 50 Wy ITRUWe X7, X[, VRe V1, RONTRE, £5vl

SCCTIFy NEy NMAX, T?¢ SWls CUUNTE, ERQ,MVMC €svi
»LBaCUTINE TN FIND THE EJCENVELTORS OF & NON-SYMMETRIC MATRIX ESY)
RY & FLIFIED WILKINSUN®S INVERSE ITERATIUN METHOD. ESvl
CONTRCL IvC COLE S ESvl

1 FIND GNLY THE REGULAR ETGENVECTORS A X # LAMADA X< ESY)
2 FIND ONLY THE TRARSPOSED, EIGEMVECTIRS ZAT V ¥ LAMBDA VLESY)
3 FINL HCTH TYPES OF EIGENVECTORS. ESvl
RINEASICN ATNMAX NMAXC,BENMAN NMAXC WENMAX 4 <, FIRINMAXC ) X I ENMANS,
VRINMAXC (VITNMALC , TROWENMAK , 2¢

1
lDOUBI.E PRFCISION RCOTR,RODTI+RCNTRERCCTIE +TEMP,TEMP2,AMAX,L1,C2,

SwilsmeXRoX[+VRyVIo0y2CRUDECERR A
DOURLE PRECISION NAAS,DSIGN,DSORY ,OMAX]

INTECER COUNT, COUNTE, T2 ESV1
10141 T T ’

10343

RUCTR # RCOTARE ESYL
RGOTI » RGCTIE T ESYL
N # NE ESY1
MM N P = | ESYl
Mot e mem e e . Eovl
IR ERR ESY1
IVCL # IVC = 1 _ : ESvl
IVe2 ¥ 1VCl - ) B T ESYl
COUNT & 1 ESYl

00 4€0 T ¥1,N
WTl . E<aC.OD0
YRYI <N, 000

CONTINGE
CLIV # L, 0E=¢ - ) ) o £S5y}
IFERCCTIC 1, &0y ) ESYl
EsYl
CCVPLEX EIGIMVALUE. ’ . . ESY]
ESYL
TEMF & - RCOTR ~ RONFR ESYL
ISW 8 ¢ ESVI
TEMP2NACOTRARCCTACRCGTI*ROOT ]
J3 ¥ 360 ESYL
DD 606 1 # 1e N ESvl
IF772¢ 6C0, 603, 600 Esvi
DU 602 4 ¥ Ly N Lsvl
J& 4 Ja B 1 ’ o ESY]
IFRJS - 251¢€ 607, &01, &0 ESYl
JJ # 1 . Esvl
READ ¥I2¢ %alLlLo1<e LL % 1o250¢ ’ (33}
BIlsd< 8 AL] JCSTERP & KBHJ,14 ESyl
GU IC alh» ESYL
D 606 J % Le N ESvY}
REl oJd€ o ALl J<*TEMP £ DBT],0¢ ESYl
g%l 1< 4 API 1< & TEMP2 ESvl
AT 1< 8 A%],41<C = RCCIR Esvl
[FPT2 NE, 0< REWINC T2 (3331
GO 1C e ESYl
IF2SAL 622,y 603, 422 gsrl
ESYL

100

110
120
130
140
150
160
170
180
190

200
210
220
230
240
250
260

260
290
300
310
320
330
340
350
360
370
iso
390
400
410
420
%30
4%0
650
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A

I ———— — e ———— ——— ey | nnacy | . i

I5y
IS
I 5N
1SN
isN
15y
ISy
5%
15y

1SN
ISy
ISy
18N
[SN
Sy
15y
ISy
15N
ISy
ISy
)
15y
15y
1SN
I5N
ESy
ISy
ISN
15y
15N
isy
I59
I5v
15y
ISN
1SN
15%
15V
ISy
15N

(§3]
ISN
L3N
ISy
ISy
ISy
IS8
ISN
IS5y
154

0045
0N%e
0N4t
0048
ans9
0050
0051
0052
0053

0054
0055
00%6
0057
00%5¢
ansn
0060
0061
one2
0063
0064
0065
0066
oouL?
onss8
0cH9
o070
co71l
o072
007y
0074
0079
onte
oor?
on7e
on79
0080
onel
oner?
00R3
00R%

o08s
00ns
QoR?
goag
00R9
o040
onvli
009
0013
0094

[aEakal

[z X2¥ 3]

622
6?3

624
625

T4

60b

609
699
610

611

612

613

ol5
6lé
6l7
618

5l9

820

621

627

a2y

623

PATRLX SINGULAT,

IFRINC2C 623, 62%, 62)
DO 426 LL # Ly, N

wiLL +2<80.050
X1ELL<HO.OND

IFTEVELC 625, 514, 52%
DO 626 LL & 14 N
WELL y6<HO.OL0
VITLLLC#0.0D0

60 TC »11

¥2T41x NOT SINGULAR.

00 8G9 LL ¥ Ly N

WELL 1<K OCO

WYLL +2<#1.0C0

WELL »3<41.0C0

WELL 44 <¥1.0C0 N
IFYIvC2<C 6104 612, 610

PO 611 1 ¥ Ly N

12 0 TROWE]Ie2¢ )
AITI2¢ ¥ WEI . 1<oRCOT]

DO &11 J ¥ 14 N

XI%I2< # X1212< £ ARl,JCoNED,2¢
IFZIVCLC 612,y 500, 612

DO 613 1 # 1s N

VITIC ¥ W] ¢3<eRNNT ]

0D 613 J & loN

VIZIC & VITIC € AR I<O0WS S 4¢
GD YL 499

CEKA ¥ 0.0

DCERANU,LOND

IFEIVC2¢ d160 £19, 616

NO GIF 1 ¢ fe N

XRRIC » ~wEl,2¢

DO 61T J & 14 N

XREIC & XREJC £ ATI,JCoxI%J<
XREI< » XRT[C/RCOVL

IFTIVCLIC 619 633, 419

CO 621 1 ¥ ke N

VRELC & =W¥l40¢

ON 62C J ¥ 1y N

VREIC & VRTIC L ATJ,ICoV]ITIC
VRTIC & VREIC/ROCTT

SEALCH VECTURS FOR LARGEST ELEMENT AND NOIAMALIZE.

AMAXAC,0OCO

DO 625 L & 14 N

TEND & VRILC##2 £ VITLG®®2
[FPIsky ~ ANAXS 4,29, 629, 428
AMAX ¥ TEMP

12 st

COANT IAUE

Cl # veZl2</avan

T2 8 —JIRI2C/ANAX

U0 63C L & 1o N

ESYl
Esvl
Esvl
ESYl

ESvl
ESvl

ESYl
ESY]
ESY]
ESYL
ESY]

€svl
ESvl
ESYl
(31

ESvl
ESY]
ESY]
ESYI
ESY]
Esvi
ESYL
ESY]
ESYL

ESY]
EST1
ESYl
ESY]
ESYl
ESY]
£Syl
ESYL
ESvYl
Esvl
ESYl
ESY]
(33
(33))
ESYl

ESY]
Esvl
ESvl
ESYL
ESvl
13341
ESYl
ESvi
ESYL

460
470
480
4%

510
520

540
550
580
5710
500

800
610
620
63

640
650
860
670
680
690
100
710
T20

730
T40
750
76C
170
780
190
800
ato
820
830
840
850
060
870

290
900
910
920
33
%0
950
960
70
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. G S Pk Sy e gy P
MmWwwmLInyIy A Nnn
L L L Ll L L

ISy
ISy
ISy
189
189
ISy
1SN
15N
15y
ISy
159
159
158
1Sy
1SN
15N
[5N
159
ISy
159
15y
189
1SN
15N
8} ]
159
ISy
189
154

009%
0076
o7
0098
0100
oiol
0102
o103
0104
0105
1106
0107
ol08
oL09
ot10
o111
o112
0113
0ll4%
011%
o116
olle
0119

01720
o122
0123
0125
0127
0128
0130
0132
0133
0134
0135
0136
0137
0138
0139
0140
014l
0k42
0143
Oleé
D145
0l4e
01«7
D148
N149
01%0
014
0152
0l%3

[ X ol g

Iz NpRal

630

63l
632
533

634
635

636

vi?

638

639
647

642
640

hil
644
645

[-21 1%

-17]

6461

b4

tR

TEvp 8 VYL

VITLC w VRELCOC? £ TEVPOC]

VATLS o VAYLCOC] = FTEMPSC2

1F2C0L) JEC. 1€ GN TC 632

D0 63F LL ® 1y N
OcrnnluwaxltoctaﬂoOABSlVRlLLt-H'Ltg!¢<.DABSlvltLL(-utLl.htcc
IFYIAVCIC 633, 638, 632
AMAX AC, 000

DD 635 L # 14 N

TEVFP 0 XPILCONZ £ YIBLCHS2
[FTIENP = AMAXC 635, 635, 634
AMAX & TENMP

12 ¥ L

COMT INGE

Cl & X(CI2¢/AMAX
C2 ¥ ~AITI2¢/APAR
D0 636 L # 14 N
TEMP & XFELC
XIZ3u< o XHELCSC2 € TEMPRC) .

XRELC # XHTLCWCL = TEMPOC? T

IFYCCUNT LEQs 1< GO TC 646

NO 637 LL ® 1, ¥

DCEARNLMAX] EDCER A, DABSTXRTLLLWIL Ly 1CCo DABSEXIRLLC=WELL » 2¢<<

YEET FGR CONVERGEMCE.

IFZCCLNT +ECe 1< GO TO 644
CEFRRANLERR

IF2CERR <GEs 1.NE~4C GC TO 639
IFYLERA +GEe CLIMC GG TO 848
CLIV # CERR

IFTCLIM JLS. 1.0C=8< GO TO 448
IFSCCLNT J0E. 15< CO TC 68
COUNT # COUNT & L

IF*RECIIC Lb2, 6T, 642 .
IFYIVC2C 640y 6404y 640

00 641 LL » 1e M

WELL 1< # XAELLK

WILL 2< ¥ XIPLLL

IFPIVCLC 644y H10, bh&

DD 445 LL # 1. N

hELL +3¢< & VRILLC

R¥LL 46< & V]IELLS

o0 1€ w99

CERR # 0.0

DCF IRNGLURD

TIF"JCCE naky OuT,y 64R

ERV » (EPRP

COUNIF » COULNTY

IF*R(CI1 € 60T, LLA, 647

L0 &S 1 ¥ 1,4 N

ATT 1< 4 AE141¢ & RCOTR

RE TUA

PRINT LO1,y RS TRy RCOTI, CERR
GU TC o4h

RFAL LSLENVECTORS,

ESY] 980
ESYl 990
ESYLLICO0
Esvilolo
ESY11020

ESY11040

ESY11060
ESY11070
ESY11000
ESYL1090
ESYL1100
ESY1I1110
ESY1IL20
ESYL1130
ESv11140
ESY11150
ESViilaD
ESYLI1LTO
ESYLIl180
ESYL1190

ESvl1210
ESY11220
ESY11230
ESYLl240

ESYi1250
ESYi1260
ESYL1270
ESYL1280
ESv11290
£Sv11100
ESvllalo
ESY11320
ESY11330
ESY11340
ESYI1350
ESYL1380
ESYL13T0
ESvll3le0
<5Y11390
ESYl1600
ESYILl&10

FSv11420
ESYll430
ESY1 {440
£5Yv11450
ESY]l4t0
ESYLI4T0
ESYL1480
ESvlle9C
ESYILS00
ESY11510
E5v11520
ESY11530
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LA

_— T T L. p—— —— vy | e, |

IS4
ISy
184
158
15y
159
15V

15y
1558
TSN
15y
ISN
15V
(§} ]

e e — tme S
VLD WL WD WL
< L Ll L

15y
1Sy
ISy
ISy
ISy
ISy
TSN
15N
[§3]
15N
ISy
ISy
ISy
(B}
IsN
15V
1Sy
ISy
1SN
189
159
FaN
158
ISy
ISy
15y
1S4
1SN

0154
015%%
0156
0157
0154
o159
cleo

0lel
ol62
0163
Gles
0145
nls&s
0ler

0les
0169
o170
o171
0172
0173
0174

0175
0176
o177
ni7a
oLr9
o180
o181
018¢
o1R)
0184
0144
0liKs
o1Aa7
D1RA
al89
o130
01"l
0122

nLas -

0194
0195
01
0197
0135
o199
02n0
0201
0202

[aXsXa

(98 2 Fa

113
[ 11]
hYl

652

680
GHY
6R2

63
[ L1

6A%
653
454

0656
657

65%

658

b5y

660

a6l

602

o6h3

6o%

1Sk & |

My 69l | # 1e K

U a%C 3 0 te N

HElod< 8 AZL,4J€

L7l +IC & BR] 1< ~ RCOTRA
6O TC 10

IFPICCS 680, 6B5, 600

STAGLULAR MATRIX.

1FXIVC2< 681, 6A3, 481
DO 682 L # 1, N

XI¥L <w0.000

TF¥IVCLIC 6A3, 514, 682
DO 6864 L # L, N
VIi®tL<w0.0C0

GO ¥C »il

MATRIX NCT SINGULAR,

TFRIVCLC 653, 656y 653

0O 656 L # 1y N

XIYL<HlL 000

TERIVCIC 656, 500, 656

CO 65T L W 14 N

vI¥L<HL1,0CO .
GO TC 499

NCRMALIZE REAL VECTORS,

CERR W 0,0

DCERHNLL,ODD

IFZIVC2C 658, 462, 658
CLaC.CLO

C2NC.CLO

DO 660 L ¥ 14 N
TENVPARATISYXINLEC

JFEIfM = CLC GAD. 660, 659
Cl # TLvP

c2 & XIZL<

CONTINGE

My 661 L # 1y N

XISLS & XI®LC/C2
DCFRRNLMAX]IYLCEAR ,DABSEX I BLC-XR%L €<
XR*L< & xPZL

IFSIVCLC 662, 638, 662
Ce2NC.Ci:0

Ci¥C,.0L0

DO 664 L # 1, K
TFRPODAPSEV] BLLL

LF¥T'Fy = CIC b4, b64y 683
Gl » T Me

C2 & vili1g

CONT INLE

1) 665 LL » L4 N

VITLLIS ¥ VITLLC/C2
COFanaumtAR L POCE AR NAHSEVIELLS~WOLL ¢ 1 €<
hELL JE<HVTZLLK

E5v11540
ESY115%0
ESYLISH0
ESvilsTO
ESYII560
ESYiL590
ESYL1600
E5Sv1lel0
ESvl1e620
ESviledo
ESvlle4D
ESY11650

ESYLISTO
ESviieno

ESYiIL700
ESYIL MO
ESYL1720
ESY11730
ESviLYeO
ESYI1750

ESYli7Tr0
ESY 7o

ESvilaco
ESY11E10
ESvilaz2o
E€Sv11830
ESY11840

ESYL11050

ESvliaTto

-Sv11890
ESYL1900
ESY11910
Esvlioag
E5vY11930
ESVI1940

ESYI1960
Esvilgoro

£5v11990

ES¥12010
ESvl2C20
ESY12C30
ESv12060
ESY12050
€5v12060
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1SN
15y
54
ISy
158
15N
15%
ISy
33
ISN
15V
15N
I5N
15y

G Bl bl g P BEE Gk S hee e Py P b by S Aem W b faal ey S tmm v
MmN eVLYVBEBNVBLNGN
L L L L L L EL L L L L L L L LL L L LL

07203
0294
G204
0206
0207
o208
0249
0210
azil
0212
0213
0214
0215
L2116

0217
0218
0213
0220
0221
0222
0225
02724
0225
02726
0227
0228
0229
02130
024t
0232
0733
0234
023%
0e36
0237
N2138
0239
0240
n2el
0242
0743
0244
0245
0246
N247F
0248
17244
02%0
025
a2ne
024%3
Q254
0254
0256
251

on

66%
aht
1.y
[ XAl
671
67
10
ol3
614

ars

459
5C0

L1
511
502

5C3
%04

a0y
506

507
w0k

4S9
510

514

51%
16

517
b1k

Slv
52¢

92?1
524

525

VETLLCOWELL 1K

6" 10 438

IH%IVvGe< 609, 0T), 609
NN L0 L ¥ Ly N

y|*L <ot OCO

JF2ZEMLLE 678y 10y 071
(O LT2 L # 1, N

V1 TL <K, 000

RE TURNM

IFRIVCZ” LT4y 502, 6T
o 675 | 4 1 N

12 & InDn%],2¢

XITI2< » XRR[C

50 TC 300

BACK SUBSTITUTION SECTION.

LRI NC2C 50U, 502, 500
PO SO I # 24 N

TRENER!

DO 501 4 & 1, 11

X1%1¢ » XIRIC ~ BRI LISONITIC
IFZIVCAC 6502, S16, 502 '
DD 5tC 1 ¥ o N

Loyl -1

IFZ11< %03+ 305, 503

0D S0 J N Ly 11

VITIC » VITIC = BRILICOVIRYIC
IFTICEC 50y G064 505 '
JFrer],1<< 5006, 507, 5006
Vitic » VIRIC/BRILIC

GO 1C 211G

I+TvI?1<< 508, 509, 508
VI®IC » VETIC®],DELLS

60 IC 910

viti< » 1.9

CONTIALE

1EXIvC2C Slay 525, S14

DC 522 1 # 14 N

IR ¥ Ml = |

IFYl = 1< 5154 517y 515 "
12 # 1 £}

L0 »t6 J ¥ 124 N

KIEIHS » XIXIRC ~ BYIRJCOKITIC
IF*1cCg 517, S51By S17
[FTRYId, IRCC 51P, 519, SI8
X]1¥IRS o XIRIRC/LEIR,IRS

o0 T 922

IFYXITIReS 520, 521, 520
YIPIHC » X[T]IR®]L,0FELS

GO 1C 22

XI*1<<n]l CD0

CHNT INGE

ITEIVEL] 925, 929, %25

"D S26 1 8 24 N

1< & A} = )

12 # 1a £}

PO %20 ) F k2 N

FSy) 2090
ESvi2100
ESvi2l10

ESvi2lxo
ESv12140

E5v12160
ESvi2170
ESviZieo
ESvi2190
E5v12200
Esvi22lo
ESyvi2220
ESvizadn
ESY12240
ESv12250
ESY12260
ESv12270
ESviz280
£Sv]12290
ESY12300
ESvi23l0
ESY12320
£5v12330
€5v12340
ESY12350
ESY12360
ESY12370
ESY12380
ESY12390
ESv12400
ESY)24l0
ESYL12420
ESY12430
ESYL2440
ESY12450
ESY12460
£Sv12470
ESY12480
ESY12490
E“v12500
ESY12510
ESv12320
€5v12530
ESv12540
ESY12550
ESv12580
ESY12570
ESYl2580

ESY1246C0
ESvizell
ESY12620
ESYI2630
t5v12640
€5v12650
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(Y]
15y
154
ISy
ISV
1SN
159

ISN
1SN
ISV
ISy
ISy
1SN
158
15y
ISy
158
15y
ISN
ISy
1N
15y
ISV
18
IS\
154
154
[ §3]
159
HEY
I8y
15y
ISy
15y
ISy
ISy
15V
ISy
139
15y
I3y
134
15y
135N
ISy
Isy
HEY]
158
158
159
(X3
(54
ISy
ISy
ISy

0254
02499
0260
026!}
0262
0263
0264

0265
0266
0267
0Z6d
0269
na2re
vzn

n2re
027}
0274
g27té
o211
0278
0279
0281

0283
0284
0285
0286
0288
02R9
0290
o2l

0292
n2o3
0294
0295
0248
o291
0298
029%
0300
0301

0302
0303
0ine
0105
030é

037

0408
0ilo
032
0313
0314
D3Ls
Giln
on?
031%

[z R a Rl

526
527

kT4 ]
h29

roc

i

702

723

104

104
705
0o

76!
708

T

73
709

105¢C

105}
71u

VI®ING » VITIRS = B%J, JRCOVERIC
0 927 1 # Ly N

12 % 1aOie®L i<

VHELI2C & vIRLZ

U0 528 L # 1 N

VI®LC & VRELC

IFPRCCIIC 615, B55, 613

FECTOR FATRIX.

1CC b &
SwiNlaul?2

NO TOL LL # ) N
IRChELL,IC # LL
DO 708 X # 1, N)
AMAK AN ARSENENR 4K CLC
iMaX # K

Kl # x £ 1

NG 7C2 I ¥ Kly N
IFTAVAK.GT .DABS*HE] K<< GO TO 702
AMAX 4NAHBSEBE] ¢K<<

IMAX & |

CONT INUE

IFYANMAL LT, Swi€ SWL # AMAX
IF9AMARKLGF . LaCU=25%¢ GC TO 72.’

1 éK 4, k<u0 O0O

ICC » JCC € 1

GO r1C ro8

1F®IP28 JEC. K< GC TO 704

U 703 3 % L N

AMAX # PTK,J<

BAR L JC ¥ ABIMAN,JIC

HELFEXod< B AMAX

12 & IRON"K,1<

IRChIK 1< & JROWS[MAX, 1<
IROR®IFaX 1 ¥ |2

DU 707 1 ¥ K1, N

IFZR YY) K<< 705, T0OT7, 705

LEf ek # PR]KC/BIK KC

0o 70n J ¥ Fle N

B*l+d< ¥ Bl oJ¢ = RUK;JJSOBE] KC
CONT IAGE

CUNT INGE

AMAXMNAHS TR ANNCKC

1FRAVAK=L OC=25¢C T12,712.713

RN ACHD LOLO

SwinC.ubO

ICC » ICC & T

GU IC row

JFTAMAX L1 T. Swi<C SWL ¥ AMAX
IF2ICC LFa [S5wS GO IC 710

IFY¥eC 1 0%0,1050,1051

wh ] 11710%,102¢ ICC

COUNTIF ¥ O

REILAN

Wl TEXIU, 156%2< JCC

(IHES N I B R |

2 8 140 ELL,1¢

ESYL2680
ESY12670
ESYl2680
ESVI2&90
ESYI2T00
Esviana
E5Y12720
ESvi2rs0
ESYL2740
ESYL2750
ESY12760

ESYLI2780
ESYL12790
ESvizno0

ESY12820
ESvi2030
ESvi2saed

Esvi2ery
ESvizaso
ESvi2e90

ESYL2920
ESYI29230
ESv12940
ESY1 2950
ESY12960
ESv12970
E€Svl2980
ESY12990
E5YE3C00
€5v13010
ESY13C20
ESYI303C
ESYL13040
E5SY123C50
F£5v13C60
ESY13070
ESviiceo

ESY) 3120
ESY13130
ESYL3140
ESYL3150

E5v13100
ESviiie0

ESv)3210
ESv1d220
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-
v
o‘ L oa

IS5y
ISy

ISN

0319
032}
0321

0322
0323

0324

TEY J1RCa1¢,2¢ o (L ESYI3230
1E2ULCITE hOTy 6592, 607 ESY13240
1052 FORMAI L/ /7723H weeeon WARNING veesse +d SURRCLYTINE EIGVEC HAS ESYL1I2%0
LFINND A EJGENVALUE OF APPARENT MULTIPLICITVY, ' ESvli2e0

[} Ta4e/238,d COMPUIATION OF EICSY132T0
ZOFAVECIORESC CLNTINUFS AT USER S CPTIONA/ /S “ESvii2en
LCL FORMAT G3CHONFDRF THAN 15 LCOPS FOR EIGENVECTOR OF 22€12.4, £Sv13290
2 " 14k DIFFEQENCE OF EL2.4¢€ ‘ ESv13300
1C2 FOPPATLLGHDER R0 4AININGERSS , [4, TIH ZEROS ON DIAGONAL OF FACTOREDESYIIIIO
1 BATSIa, CHECK FCH MULTIPLE EJCENVALUES. /720X, ESv13i20

2¢ SLBRLUTINE ENSVEC WILL NOT PEWECRM COMPUTATION FOR THIS EIGENVECESY11330
ATOR a//¢ ESYL13340

END

118

PAGE 007



LEVEL

ISy

I5h

1SN
| § 38
ISy
ISV
ISy
ISN
159
1SN
ISN
ISy
15N
ISy
15y
159
1SN
ISN
159
1Sy
ISN
1Sy
158

ISV
15y
ISy
ISy
I5N
£Sy
ISN

1Sy
ISy
ISy
ISy
ISN
ISy
ISy
15N
iSN
ESY
15N

18 & SEPT &9 )

0002

0003
0004

000%
oonsé
0007
0008
0009
Q010
0011l
onl2
onl3
0014
aolsy
ocot?
0014
00ls
0021
no22
0023
00?2s
0026
0027
0029

0030
0031
0032
0033
0034
Q035
003¢

[ DET
(31 KL
on«o
004}
0042
N6l
00464
N04s
0o0&?
0048
ons“o

0S/7360 FORTAAN M

+

COMPILER LPVICNE = MAMCe  VATNGOIPTeD2+LINFCNT80,SI2E0000R,

oo

(2 X2l e]

el e ¥yl

(e X2 N2]

ico

1o
120

125

i3c
14C

170
180

18%
HLES

140

LOURCE yBCL o NUL TS Ty DECK ¢ LOADSMAP o NDED LT | Do NORREP
SURKLUIIAF SINGLELSBoN R oGGo [MUL T oNECN NS oNE ¢NDC

ﬂﬂ?::?tgﬁNUERIQ MULYI=INPUT SYSTFF INFQ PSEUDL SINGLE-INPUT
]

REAL®A SBENOMDC,CEVDC,RISNDC, GGEMNCPLoP IV, DABSGSE
DIMEASION TMULTEMD,2<

PRNGRAM CHECKS CONTROLLABILITY NF SA,B¢

NPNO

GSE#0. 0N

DL 1CO JalohC
no 1C0 L al.NS
GSENGSESCARSRSBE], U<
GSTHCHE/ THESNCE
DU L&l 1W) NS
NCOI\«0

TMULTR[, 2¢H0

NG 1EC J8),AC
IS RDAGS PNBY] 4 JEC~GSER) . D=8< GTo 0.D0¢ NCONNNCONEL
IFRENARLTNTRICC=1 ,P=~AC 13041304120

NI ENEGH

IFIACCh oECQs O TNULTERI 240]

IFINF=1< 140,160,125

IR RS

IFIRIMULIR] 2 2<ETMULTETT2¢C LEC, 2¢ GC TD 330
NPKC

GO 1C 140

FFEACCH «FCe OC GC TO 330

COVYTINLE

COVPLTATION OF SINGLE-INPUT VECTCR D # S8 ..

NO 170 [#L1.NS

nLI<sC,D0

PO L70C JM1AC
DPICON I CEENRT UK

DO 180 [wlohC
GGIenl. (0

IF*ANC .EC. 1C GO TG 329

TEST WHETHER D RENDERS BL,D< CONTROLLABLF

N1 #]

NPW#O

JaN]=-1

18151

NCON RO

Al

ITSRARSTLOICC o Ts GSE®L,D=-8C NCOKN]
16 ZNAMRH IR RICC=1 N~8¢ 210,280,190
NPPUNFE)

TFPATCiy oFtle O TMULTTL2¢<H1
TF"NFe il 220,221,200

119

OME Y14106/719.50.4)




15N
15y
15y
iSN
15¥
16y
159

15y
ISy
158
5N
5y
I5%
15N

oy S S
MwVrrtr AL
L L Ll L L

——
v
-~ g

1SN
15N
159
ISy
i SN
15N
ISy
15y
1SN
) Sy
15N
158
158
18y
1Sy
15y

0%
ugs2
00%4
00%%
0%
0054
0n%%

0060
0061
non2
00h3
00h%
a0b5
00466

0067
[+1¢1.7.]
0069
goro
ool
onr2
0073%
0075
oor?
0079
LT
00A1
00R2
0083
00H4
11 11
00Ho
onAt
0NH#A
ogng
oovo
0071
0042
0043
onye
0ous

[alsNadyl

0
220
224

230

260

270
200

290

sCO
3lo

3?20
325

EED
140

list=-}

IEPZ7IPLLTR) J2<LTPULTEILE,2¢C EQ. 2€ G0 10 230
NPNO

GO 1C 220

IFInECy kG I< GO TO 230

1E21=85¢ 140,2254225

50 1L 2%

FIND KuN=2EQ0 ELEMENT TN ROW N1 OF MATRIK S8 .

PIVESALNL,]C

MSBW L

DN 250 I#24NC
IFENARSEPIVC-DABSTGAENT  [<CC 240, 250,42%0
PIVESREINL, ! <

LY D

CONT INGE

FINC ELEMFNT OF LARGEST MAGNITUDE, PIVy IN CUL.=NC. MSR OF MATRIX
SB., FIND NOMN-ZERU ELEMFNT OF SMALLEST MAGMITUDE. Ply IN VEC. D

DO 270 IeleNS

N2

IFEDARSRCTICC=SFR] LC-8¢ 280,270,2A0
CONT INYE

PLADINZS

DO 25C [#14NS

IF%02BLRPIVC oLT, CABSESATI MSACCC PIVISATTM5BC
IFENABSECSICC LY. GSE®L,D-HC 5N D 290
IFYDAHSEFIC oLTe LABSEDT[LCC PLAND2IC
CONT INGE

PlaCARSEPIV/PICE] (=B

NZWPLEL

PINN2 ,
DO 3CO 1#l,NS !
NEICan e P [<LSP ], MSBL

DD 3G LalWnC

GGTICYPLenG2IL

GLYNSHSNCOENSECh] NN

IFRh]=nS< 320,325,32%

NIMNIEL

GO TC 14%

NCDN o

GO TC 340

NCON O

RI TLRN

ENG

PAGE Q02
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vEL 18  SFPI o9 |} 057360 FORTRAN H DATE T71.,106/19.51.54

COMPILER WPTIUNS = GAMEw  MAHL,OPT=0P ) LINFCNTeRU,S17FeCCCOK,
SCIMCEZBCL o WCL ISY ,DECK g LUAD s MAP 3 NOFNET o 1 B NDNREF

1Sy oon2 s?gggf“llhi SIMIFZEA QAN AALeSySEINV e [ROMeRR\RIZXRo N[ o VR VI NS MD,
[
c CUMPLTLS SIVILARITY TRANSFORMATINN MATYRIX SINV  FOR WMATRIX A
c wI1}) SEMPLE EJGLHVALUES. YIELLS REAL-VALUED TRANSFORMATION
C FAIR X,
[«

ISN 0003 RFEAL®E ASHDyMDC, AAEMDENDC  AALITMD MFDC s SINVEMD o MDC JRRE = R ] EMDC

1SN 0004 REALOA XKTMUC X TEMOCVREMDC , VI EMDS 4 DARS (DSQRT

15y 000% REAL*A WEMD 6y SEMDMCSy Siia

ISN 0006 DIMEASLON EROWEMD, 2

ISy (307 10 FURNMAT(/7 /T3, 'EIGENVFCTOR EARRUR MESSAGE®)

15~ 0008 20 FORMATITI'SHIZEY  F10.49 10X *ITERR? (15, 10K *DIFs? yEL1D%)

1SV 0009 K= , ‘

1SV 0010 100 CONT INGE ’ ’ T

1Sy 001t D0 1L1C Jm)eNS

15N 0012 00 110 1 =] NS

1SNy 0UL13 10 AAL LT .Jd)=AA{]Jd)

IS4 0014 Kaie ] .

ISy 0015 CALL EIGVRCRIVC o Ao AAL oo IROHXR ¢ XTI 4 VReVIJRATKC R ITKC NSoMD,0o5M1

EITER 4DIF o2<

ISN 0016 IFtITE LLT. 15) GU 7O 111

ISN Q018 WRITLY3, 10¢€

1SV 0013 WRITES3,20¢ SW1,ITER,DIF

ISN 0020 111 CONTIALE

[sSN Q021 IFSCAB5RRITKLC LGT. 1.0-8< GO TO 130
c
C COLe. ANL/OR ROW EIGENVECYCRS CORRESPONDING TO A REAL EJGENVALUE
[

1SN 0023 Wil,e1}=0.00

SN 0024 00 12C EalaNS

IS8 0025 wilol)awil 1)4NABSIVRIIY) ) .

15¥ 0028 120 SINVIK,ICHYRIIC .

ISN 0027 JFRIWVE=2¢ 126,120,122

1Sy On2s 122 wil 31 20,00

151 0029 e 124 [al4NS

1Sy 0030 SINVIK, I )sSINVIN, 1) /Wilsl}

[Sy 0031 Wiled)maile3)eSINVIK,I}®XRII)

1SN 0032 124 S51,K<axutl<

18y On13 N0 123 [=]4NS

ISy 0034 ) 123 SUT+KPaStI oK1 /mil,3)

15N 003 L26 IF EK=N5< 100,150,150
[
[ CCYPLEX COL. AND/OR RCW EIGENVECTCRS ARE CONVERTEC TO A SEY OF TwC
C REAL-VALUED TRANSFDAIMATION VECTORS
c

158 0036 130 rlwxil

159 002 Wil,1)=0.00

3% 0038 wnile?2)=0.00

ISy 0049 S0 14C T #LeAS

15\ 0040 Rllol}=nll ) eeBSIVRITD)

15y 004} Wil 2)onilp?2)eNasSIVIILL)

[Sv 0042 SINVIR, [ <z D0OsYRR]IC

15N 0043 Tau SINVIK]L, I<e=2,000v] NIL

ISy 0044 IFRIVE-2€ 1360175132

e Acpil s =y -



LEVEL

154

IsN
ISy
1SN
1Sy
ISN
TSN
ISN

-EVEL

IsN

15N
TSN
ISy
153 )
SN
1SN
15y
ISy

onss
0047
0048
0049
0050
0041
0052
0053
00%4
0055
0056
0057
onsa
0059
0060
0061

132

134

135
136

150

18 { SEPT 69 )

IFthilol) obTe Wll 230 WUkgl)anil,2)

Wiled)}n0.N0

Wile&)n0.D0

00 136 lel NS

SINVIK, I <HSIVTIN, IC/%2.N0%1E1, 1 <<

SINVIKL, ICHSTINVEK], 1</7832,00862%], 1<

Wil s3)awlled)4o5DN0SINVIKQIIOXRIE )¢ SCOSSINVIKL, | )oX]2
Wil ol mwil od) ¢ BN00SINVEIK 130T (T )= SCOSSINVIKL, [ )OXR
Wiladdoswilod}oull 3)onitshientle)

DO 135 [=},4NS
SUIoR)2lAR(TINWIL o3 eXIMTIONEL o) I/NE1,))

SEToklim Ll InuWlL e3)-XRIIIOW (L &) }/Hil0]d)

K]

IFTR=ASC 100,150,150

METURN

END

057360 FORTRAN H

COMPILER OPTIDNS = NAMEs MAIN,OGPTa02,LINECNT=60,SIZE=QQO0K,

0002

0003
0004
0005
Q006
0007
oons
0009

OO0

10

IR SEPT o9 )

SCURCE yRCOWNOLIST o DECK o LUADGMAP 4 NOEDIT, [DNOXREF

SUBRCUTIME PVYFCTSA, AV, NSy MDyMD2<C
CONVERTS MATRIX A INTC VECTOR AV

REAL98 ATMD,MD<,AYIMD2C
00 1C JW1,NS

DO 1C IN14NS

K#TJ-1<oNSE] . , -
AVEKCHATT IC o ‘
RETURA

END

057360 FORTRAN H

CUMPILFR NPTINOAS = NAMEs  PMATN,OFTa02,LINFCNT=60,SI7C=0000K,

0002

cous
004
0005
0006
coo7
QO00R
eong
1]2] LV)

mEa Xl

10

SUURCE s POy NULIST o HECK o LOADy MAP o NOFD I T4 I Do NOXREF

SURRCUITLE MMILTTALDCoNSoNCoNBoMCL
COuFPINICES EATRIX PRONDUCT € & AeB

KEAL #8 ASPD G MDS o LEME 4 MDC o CIMDyNOC
00 10 181,4NS
DU 1C J¥L.NR
t!l ’ J<00.'?0
DO IO KelyNC
Cal o JSHC YT 4 JCEAT] JKSSHTIK 4 IS
RCTLRA

N

.

{1
3]

122
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DATE T1.106/19.43.27

DATE T1.106/19.49,27
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JEVTL LB L SSPRT 9 ) FS7W)  FURTHAD & IEREE SN N R YA R S
LPunILIg OPITAS = yavie  NALS ORTe )2, LINEC T4l S 12 oulhaR, - 70 T -
.'.uwcs.=scn.f.ntlﬂ.l‘.ccu.lvanm By FITUIT By 1P F
154 €002 HGANLIINE POLT W (A0 hue AV oML AR Py FL BTy Tva L ¥ %k |y alw.'v.‘e*-'r he
e T T -.:"- -“ C : llll‘k l"o X ] '-‘I"d' “ “Ll' 130 ’c. ‘* '.'i" . T remm e
: FINNS FEENVACK GAINS FOR A SFT CF SPECTFISC FIEFYVALUSS AL _
remmmow “_.: ALL=STATL FIEOBACK, RESULT IS Ih ATANCG . Tt T T T mem
154 0003 HoAL®H ALFN WD) 4 ADEMEWNCH AV NI |, A'l"n.wm.A?tuo.v'n.mvﬂ.nm.
= -t oL AND oWV} fB2 (ML oWEY o P VIR 20y Gl AL NE Ty uREB ) RITZN T SVIMY Ty - T
2 SVRANDD o STARVINMUNCY o TIMC T ol MT g Ay XIVME L)y XTEYN 1y xR IMD)
1S Q004 DIM-NSIEN FAKA(ME) yIRCALME,2)
OFE 77 TTTTTTIHWALLE PReCISIChN uARS,TECL rmT ™ -
1SN 000¢ 1C FORVATLI// 4t TH- PAIR (8 H) 1S UNCOMTROLLABLE, NCW = ¢ .t}
¢ ;géinnn;_ul.' SIGENVALUES COF CLPScC=LDNP SYSTEY FIR ALL=SVATS FEInRA
. £, Vet R R 2eLll
C  3C FRONMAT{4E2N,R)
159 0007 4C FIRMAFLZ/y' 1FR .AE. Y oo THIS, LAek} SEsYS TN b2 VARGIMALLY CONTR
B ' S0LLARLE ONLY. ') o e B
154 00uR L0 FOIMATL//74 SYSTEV OR CCMPFNSATUR OF DRNER O PRIGLAV =TORs, CHMEC
. 3K _THPLY MATRICES.®) . i
c COMPUTATICN OF EIGENVALUES ANT RUMW ;rcewcctuas OF YATRIX & ,
T30 o0y - TTEIRRER LECTIY GE TG LYD T ’ o -
sy poil TE(AS=11 2643 +20+9%
15y 0012 SO Rv{lrtaafl,a) _ }
TS dulLs RI(lLY=0 00 T 7T ’ el
1Sy 0014 STAVIL 41D =l,03
ISV 6015 1%0 T, R . e
TTTTIE 0018 T Tk Ly eB L T T U ’ B
159 0617 fvs}
ISV 001@ Sl [sfel ) el
TETA0LETT T T IR W 5% NCF GC YE 2T T N
184 an21 IFIDARSEX2 (L)) ,uEs DANSHLEIL1, 1))} GO TU 21
154 0027 Fe (1) R (1,70 L I e
TTTTUEY 002 T T T T Tywy et . . —
5y 0G2S 1 T Ny
1S9 002¢ 52 IFANAMSIXT{l)) L. 1.P=a) RC TQ 100 i .
) TEE0028 T T T 0 43 Tal g
189 ©029 63 (1) w0, 00
I1SY 0030 Y {Ivi=l,nD B e L
A "I 7T T U XA i LY} | - i
I1S% 003z IR L 20 B ]
159 A"33 84 CONTIHUZ e L ——
TSy rads T CALL MVSCTIA AV NS MR MEED '
ISy ,03% CAMLL HSYST NS s AV NS N2 )
ISY 038 (ATR RS R Al RS PR UFLEFY ) BF U1 W PR & PL g e U
AN 00T TTTTT T T iaALL N'ULIIA.A.\'..'L”N:.YS.HH
159 0n3a SAHLL SENTR? 8,80 982 ot ySINV iAo IO g PRy R Do X2g X 1o SV SVONE4 M0 2}
L1541 poss_ TALL MMLLTESTAVeHal o S o NS ACa V) S . o
s TOANSFOAMATICEN 4F [Asn) TO SINGL x=INPIT SYSTIV,
I59 Co&C’ ' SALL SEASLT LAl o0l ynl o XL 4 IRCn e AR T NSy 100} IR -
159 0041 TFACCN) 130,130,110
ISV 0042 1CC Wl TR 13,10}

A s e e rewmm m——— e e . C b r— e - - - — PrEPa— — e be e wee - -

o s+ o L et



12k

Fa'y | ]
TTI% 00ed T et T emmmETmm e e e ’
151 Q%66 RTINS T I K'Y QTS
1S Nes _ UREER TN L) U - . . _ e e e ——. ..
TUIYE Ofiwt 12€ Al g0 4,y T T c T ' -
159 0047 13C &l 1) suatyh
154 0048 - =0 o _ ‘ ——.
151 004S 14C 12121 ’ T - T .
15't 00SC IF IDARSIRIAI) b=Rad~3) 160,169,150
154 0051 _1tC Tvergy _ } o —
Tsy 0082~ LT ST I N T - T
159 0053 ANLIP,l ) e=P] {1}
_Isa 00856 1+lp . e e
154 0055 164G 17 {1=08) 165,170,170 -
IS4 005¢ 17¢ ConTEnye
15y_0057 N0 190 TalehS, = —
IS4 0058 U0 1Ry U=l yAS
IS¢ 0058 LFO A2LD 40 =0, D0
IS4 00aC _  RSC B2 (1) =xRil) e e g — e .
SV 0081 1narasy < \
1S9 0062 CALL APEC TN (AL o B2 ¢CMeGoT oAl APy 0L o Ny SV oSV NSy 14K 1 oK 2y 15T ,¥N,TRONY
1S4 0063 EUIF2) 247,200,209 .
1St 064 L AT N ) T e
S 2CC PRITF{3 20
s OC 210 b=l NS N . .
STIIC WITTELN 93 (EMUL ) 9umle? )
1SV D065 a1 230 IslenC
1S4 0086 23C wltlgddmxrety o .
TSy 00&7T TTTOALL MMULTLLL 35 A2 534G TYNS Y VE)
15¢ o0GH CALL MMLLTEA2 #SEANV G oNC NS o NS D)
154 D0&S 66 10 25) S N . o e
TSN G078 T TTR4AC WRITE (3 H40) T ’ -
1Sy 007: 30 ,
ISy _0072 245 WITTE(3,500 . — e
TTTTISNEaYAT T T e I ‘ .
ISy 0074 256 RTTLRN
1S4 8075 T - .. S .
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LEVEL 18 ( 55vT 69 ) 057360 FDORTAAN W CAVE 71.1086/19.5%2,2

COMPILEN GPYLONS = NAMFx  MAIN,OPT=N2,L INECNTs60D, 51 2EnCQOOK ,
SLURLEyPCC oy NOLISTOECK L DAL MAP S NOED T+ ICoNOXREF

15N 0002 SURICUIIANE MCOMPINS yNCoNFoNFFoMDaPD2 o NREP 4K1 yK2oK Ig K<
c
g COMFLIATION OF THE COMPENSATOR MATRICESy FFoFUeFhoFJ,
IS4 0003 REAL®E AP, 6<sRTO 6o RO 0C ANET 2 412<A2%124]12C,A25812412¢CAVEIA4C
154 0004 REAL®D FFRO 6o FORO10CoFHEG +0CoFITE+6CoGFT026<ea0TA 8¢ ,GHEE16<
15% 0005 REAL®B SJ%6 6€  GFVRO46CsGOMEA 6 s GRMEL 4 8C 4 GUMTO 4 HC,GRFEE 6 C
15N 0006 REAL OB SHOYE pO o GRHRA S ,GRITOIHC JLVP U124 L2 MVIRI2,12¢RAR12C
1S4 NoNT REAL®A RITI2CovREI2CIVITLIZC XAZL2C NIR12¢ VRNEL2 9 1€ VINEL2,41¢
IS% pons REAL®E wi{l?:G)oFM(]12,2)
15 0009 REAL®R AVFRZOC XRSRAC RHTROC RISTESy XIFLOHC, VRSETAC VRAZHC, V] SROC
1S% 0010 REALAD VIFZH6C4RUSEOC,RRFEOC RISTAL  HIFROC VRNSKG ¢ [ <o VRNFRE I
ISN 0011 AFALOR VINS 26 ) L€ VINFTSE, L< AVS R IGC W56 4<  WF B0y 4¢
5% 00l2 REAL#Q EMSThH2<FMFBa,2¢
ISN 00113 DIMEANITUN TANAZL2C, JANASTOC ) IANAFRSAS, TREWT1 2, 2<, [ROWS RS, 2¢€
ISN 0014 DIMEASIUN THOWF(&,2)
ISN 0015 CQUIVALEARF ZAVTIIC,AVFR]CC, AVEITC,AVSEICL
ISN 00le FQUIVALENCE ZFMUIC EMFELCC, EEMTT IC,ENSS1CL
IsN Q017 ERUIVALFALE EXHZIC o XRSEICC TUARY TSy NRFRLCCoy X IMIC oy XI5014¢C
1SN 0018 FQUIVALEACF ZXIWTCHXIFLI<C,  EVRYLE, VRSTELICC, BVRETC VREE]CC
I5v 0ON)9 ¥ EQUIVALENCE TVITIC,VISEICC, AVIETC o VIFRICC, TRATIC,RRSE1 S
1SN 0020 FOUIVALFNCE RRERTCHARF S1<C s ERITICHRISEICC(ERIEPCRIFRICK
Isv 0021 FOUIVALENCE RVOMTIC,VRNST1CL,, PVRNEZTS ,VRNFE1LC
18v 0022 EWUMTVALENCE SVINYLC G VINSZICKC, ZVINTRTC,VINFEILC
1SN o023 FOUTVALERCE SWELC,WFYICC, EWT25C WS T1LK
1SN 0024 FCUTVALFACE Z1ANATLIC, 1ANASEILSS, TANARTC, TANAFT1ZS
ISV 002% WUTVALENCF RIRCHYIC IROWSELSS S IRONEIIC, [RDWFRLI4C
ISV 0028 COVMMON JVCN/ AH A2 A28 AV JLVRICVE oWy AgBoCoFFsFGyFloFJ2GF GG oGM
1 GJyGFMRGMeGEMyGIM GUIF s GRGyGRHy GRU EVy VRN VINRRyR1
é VHo VI KR XTI+ IRUOW, IANA
15N 0027 TFENFFC 1561,1561,41500
1SN Q0248 1500 00 1510 [M]loNFF
15y 0029 TIFRNF ST
15y 0030 00 1510 J#LNFF *
1Sy 003l JFUENFSY
ISy 0032 FFY! o JXHAR] IFy JFC
1SN QDA3 1510 GREZL, JSHATIFJ1IFC ,
154 0034 DO 1520 181 4NFF
ISV 003 IIFuNFGl
15N 0036 NO 192U JHL WNF
1549 0037 Eh20 GIVMTId<oAS Sy I IFC
1SN 0038 [F2Kl .ES. O< GO TO 1525
159 0049 CALL PULTSSGRF oGRG  AVF yGHM o FGo GV 4G 3M FHy EMF ,GFM o RRF ¢RIF 4GRI 4 RIF
P KRUF o 3RH o WF g VANS g VIF VU F o [ ANAF o JRIIWF o M1} 4HD2 o NFF s NF ¢ NRE P,
0 KloK2<
15N 0041 152% D0 1530 [wl NFF
ISV 0042 00 153 Jwl o NFF
IS4 (0«3 M1 1530 MM o NF
1SN 0044 1530 FFET JJCHTFR] yJS~GFNTK 4 TCOGIMTS K<
ISV 00aS 0N %63 TH),NFF
15V 0046 1IF¥NF L]
1SN 0041 PO 154U UNL oNF . . |
ISY 00&R FOUL 4 JSRAR)IF U<
1SN 0D4g 'Y 1% Xl oNF

I1S% 0050 1560 FREE QJCHFGNL ) JX=GFMYK, J{RARK, J<




ISy
ISy
159
15N
ISy
15%
ISy
1SN
15y
ISy
ISy
15y
154
IS4

15y
18N
15%
15N
15y
158
158
ISy
158
15N
ISy
189
15N
159
I8N
ISy
[B4]
18N
1S4
ISy
isy
5N
15%
15N
1SN
IsN
ISy
15N
18y
ISy
ISy
15y
188
ISy
159
ISy
IS\
15y
18V
18
1Sy
IS\
188

el |
ans2
0053
0054
0055
0056
0057
0048
0059
o060
0061
00ne
0063
006%

006é
00AT
00AB
0069
ole o)
0071
0or2
0073
0074
0075
anTe
0077
onre
AT
ongo
o018l
00R2
o083
00as
anRsS
00kR6
00A7
ONRY
00a9
0090
0091
0092
0093
0094
one9es
0096
0097
0038
1099
nico
otrat
oln2
o1n3
QlC%
0105
otne
o107
oro¥

1550

1560

1561

1563
1565

1568
I&-1.¥4

1268

1569

1570

(LI
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DO 1550 [l yNFF

NN 18%; S8 WNF

00 1855 X4l ,\NFF

FGRI +J<WFRX] JJCEFF ST ¢ KCOLFMEI ¢ RC

DU 1580 Ia) ) NFF

11F4NFLl

DO 1560 JW1NC

FHTT JJSNBTTIF,JC

DO 156U KWL NF

FHURT ¢ JSHFHE] s JC-GFHEK, [<*BEK, JC

CONTIMGE

CUNTINUE .

IFIK2 EQs 0 GO YD 1563

CALL PULESEAWGF ¢AVF yFJoGGMeBoGHM G IMsEMS 1 GGoRREGR IF 4Gl o XEF o XRE 4GH,y
WFE s VANS o VIS sVRAS o TANAF o JRIWF y WD 4 MODZ NS JNC ¢ NREP oK 3 4 K6 ¢

IFENFFL 160041670,1565

DN 1567 18] .NF

N0 1560 JWLNF

GJIYE],J<#0.D0

GJPELL A<kl DO

DO 1568 [#1.NFF

INFanF T

NO 1564 JU¥LNF oo o

GIVTINF 4 JCHGFMT Y, IC

PO 1569 INl4NC

ND 1569 J¥LNF

GHMT], JK#0.D0

DO 1569 Ky 4NS

GHF T L JCHGHNEL o JX-GG8] s KCOGINTK , JC

GO 1970 Iwl 4NFF

DO 157U Jal+MF

ND 1570 KWL ¢NC

FOTI 2 JSAFGE] g JCEFHE[ 4 KCOGHMTK ¢ J<

00 1580 [nlNFF

DO 1583 J#LNFF

JFERNFEJ *

O 1480 Kel  NC

FINT ¢ ISHFRR] 4 JS~FHEI JK<OGGEKHIFC

DO 1590 IN1,NC

N 1590 N1 NFF

JFANFEJ

FHE} s J<n=LG%] s JFC

GO TT K645

N0 1620 1wl ,y°iS

DO 161C Jal NS

GIPLL, I 40,00

GIMTTICHL,L 120

IFINFF L 1665,1645,1430

D' 164d TH] oNFF

FIFWNF L]

0 ladke Jel oNF

GJYRLIFJSAGF RS 14

CunNT INLE

CONT INLE

00 16%u InlenC

m} 1o50 JalNF

FIRL +J<n 0,20

G lohe Kel NS

PaGE Q02
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PAGE O3
I8 oluy L6R0 FURE o J<aF JET 4 JC=CG ST +KKPGIMEK, JC
15y 0110 RFTLAN
154 0111 END
.EVEL 18 ( SEPY ¢S5 ) C5/7369 FCRTRAN F GATE T1,113/02,2%.5%

COMPILER CPITCAS = NaMZa  FATA,CFTe324LINFCATREQ,SI2E=CECCK,
e e o, e S LA HEE A PCCYACLIST  CECK o LCAC, MAR HEEL IV o IRPHOVRER
ITh ccc? SLARCLTINT TAPCLATIWRALRIZA,ARC,MC)

c
¢ RCLYIAE OYERMINES INIYIAL SET CF_EICENVALUES, . .. . .

(g}
i

TSN CCC2 REALeE RR{VLC) 4RICNC] T3
__ 1SN CCG& ____ 1C_FPAMAT(//(' _NS=0 ANC/CTS MFE=Q o CHECK INPUT €ATAWON __ . .
TSN CCCE IFINn oECs O} GC TC 130
Is €CCy? MFA=C
1S9 CCCE____  1CC_MNPASNPAL} . e
18N CCCS Tis1323,00
ISN CC1C A3shPA/3
1SN _CCl) Mahpi~3and o ]
ISN C(Clz IF(MA o6 Q) GC TC 120
IsN CC14 [F((h=AFA) o2Ce O) GC TC 120
__ISN €€l IF{MRC ,3Ca 1) GCIC 120 .
1SN CCLE RRENFAI =TS ' A
ity CCls RI(APR) =2=T3
€9 €C2C___ _MPL=NF&LL . e e :
sy CC21 RR{MPL) =T3 . .
1Sy (C22 RT(APLYI=T)
I egar_ . NPASNRL_ . S
1IN CC24 hRC =]
ISN CC2% 11C JIFiNPA=A) 100,140,149
BTN CC2€ _ MEC RMINPAYETZ '
1™ CC2? Ri(NPA) 20,0
1SN CO2€ MiC =2
. ISN cC2% 6 TC W0 e
1SN CC2C L:C VYRITE (3,10}
T84 cCc31 STCF
TS CC22 o h&E RETLAN e e e e -

TN cc2r END - o i

E
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LEVEL 18 { SEPT &9 ) 0§/360 FORTRAY W ODATE 714119/70%,3%4,40

CIMPILEL OPTIONS ~ NAMEs MAIN,OPTsD2,LINFCNT»60,517E=0000K,
SOURCE s ACOWNOLIST oDECK o LOADyMAP ¢ vOED I Ty I 0y YOXREF

1Sy 0002 SUBRCUTINE OFMFOIFINCY yNeXeFoGoESToEPS,LIMIT o JER JHyMHICPLX,M201) '
1Sy 0003 DOUBLE PRECISION DARS.DFLOAT,DSIGNCDBLEyJEXP¢DLOGDLGGIO04DATAN

LoDSIN,LCOS DSQRT . DTANH,DMON DMAK ) o DMIN]
18V 00N% DIMENSION HEMHS, REM2DIC, GEM201<, ICPLXEMZILC
ISy 0005 DOUBLE PRFCISION XoFoFKoFYOLOF o HNRMy GNRY o Ho Go DX o DY o ALFA,DALFA,

LAMBD AT o2 oM
ISN 0006 1ER=C
1sv ¢oo? KJUNTRO
ISy oooe NJUMPHD o
ISy 0009 CALL FUNCTEN,XoFoGoROUNT,NJUMP,M2D1< =~ "7 77
1SV 0010 N2eN 4N
1SV 0011 N3aNZe N o
ISV 0012 N3Ll=A3e¢l C T rmeem
ISN DO13 1 Key3)
15V D014 DO & Jal N .
ISV 0015 H{K}=l.DO o ' T
15N 0018 NJ=N=J
ISv 0017 IFINJISe 5,2 .
ISy oola 2 DO 3 LelyNJ ' T
1SV 0019 KLeKeL : .
1SV 0020 3 HIKL J=y, DO _ . e
1Sy 0021 4 KaKL+1
157 0022 5 KOUNT=KOUNT #1
ISV 0023 KLODPMO . .
15y 0024 DLOF oF ' -
15y 0025 B0 9 Jdml,N
ISV 002¢ KeNe J
1SN 0027 HIK) =G J)
1Sy 0028 KaKe N ' , ,
iSv 0029 H{K) =X (J} o
ISy 0030 K=Jehd
1SN 0022 T=0.C0 : T
1Sy 0032 DI 8 =L,V
{5% 0033 TelT=GiL)*H(K)
ISV 0034 IF(L=J16eTe7
159 0035 & Kekeh-L .
I15¥ 0036 30 TC 8
ISy 0037 7 KeK+l
ISy D038 8 CONT INUE ,
ISV 0039 9 HEJ)sT
ISV 0040 DY=0eNO
ISN 0041 HNRM=0.DO
15V 0042 SVINE0.D0
ISV 0043 D3 10 J=l,N
ESN 0044 HNRM=H YR M+ DABS (HEJ) )
1SV 0045 SNRMECAVIMeNABSIGII) ) -
1SN 0046 1O DYDY+l ) 3L J)
ISV 0047 IFIDYILL o5 451
1SV 0048 11l IFLHNRA/GNAM=-EPS)S1,51,12
ISV 0049 12 Fraf
1SN 0050 ALFA=2,00%[EST=F)/DY
159 0051 AMBNAR], 10
18y 0052 IFIALFA}L5+15,1) :
(SN 0053 13 IF(ALFA-ANBDA) 14,15,15 R
ISV 0DSe 14 AM3IDA=ALFA
15v 0055 15 ALFAx0.DO

ISvY Q0%s b FX=tyY




ISy
159
1Sy
ISy
ISy
15y
1Sy
ISy
ISy
ISy
159
159
159
ISy
15y
15y
ISy
L]
15N
I5%
1SN
159
ISy
1SN
ISV
I5%
[} ]
IS5y
IS
ISy
£Sv
I5N
154
Isy
(B3]
15N
15y
15N
15N
15y
IsN
ISy
159
ISy
ISy
1Sy
15N
1SN
ISy
158
159
ISy
15y
159
ISy
15y
IS5y
[§3 )

0657
0054
0059
0060
0061
0062
0064
0065
0066
aoet
0068
0069
o0n7o
0071
0072
0073
007«
0075
0076
oor?
00?9
ooao
oosl
ooaz
0ou3
0006
00485
0086
0087t
0088
0oa9
Q090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
G101
oto2
0103
o104
0105
0106
o137
01049
0109
oliu
011l
o112
0113
Dlle
0ll5
olie

17

18
19
20
21
22
23

24

2%

250

251
252

26
2T
28
29
30

il
32

a3
34
35

36
L1

DX=ODY

D0 1T lalyN

K(LhoX{])eAMBDASHIL) "
KLOOPRKLOOPEL :
CALL FUYCTENGKoFoGoROUNT NJUNP,N201C
IFERLOUP .5GT. 20< GO TO %50

FysF

DV-O.DU

DJ L8 lslN o

DYsNVeGIT) oKL I}

IFIDY)L2,36,422

IFLFY=ra)20,22422

AMADA=AMBDACALFA

ALFA=AMADA

LFIHARMOAMBDA=1.D10) 16, 18,21 o
1ER®2

RETUAN .
t=0,L0 " '
KLOOPAKLODPE)

IFEKLEUP LGT. 20< GO TGO S0

IFSANBUAC 24,236,264

253, DO%(FX=~FY) 7 AMBDADX ¢ DY
ALFAsDMAXL{DABSIZ) yDABSIOKE,DARSEIDY)) ) .
DALFA=L/ALFA
DALFA=DALFA*DALFA=DX/ALFASDY/ZALFA
IF{DALFAYSL 425425
WEALFAS*DSQRTIDALFA} ) i
ALFASDY-DA¢hs W

IFLALFA) 25042514250

ALFA=TuY=2eW) Z7ALFA

GO TG 252

ALFA=LZ+DY=W)/ 1 2+¢DX 424DV}
ALFARALFA®AMSDA

DO 26 1=l4N

X{[)uX i)+t T=ALFA)®HI L)

CALL FUNCTENyKoF o Go KDUNT yNJUMPoM2D 1<
IFIF=FX)I27,27,28

IFIF-FY)36436,28

DALE A= u. DO

D3 29 Isk.%

DALFA=UALFA+SITI®RIT)
IF{DALFA)30,33,33

IFIF=-FX)32,31,33

IF{Dx=DALFAL 32,3632

FX=F

OX=DALFA

TedLFA

AMBDASALFA

GO TC 23

IF{FY=F)35,34,3%

IFINY-uALFA) 35,306,235

FysF

DY=DALFA

AMBD A=AMBOA-ALFA

GO T0 22

IFIOLOF~F+EPS)S51,.38.38

DI 37 J=l.N

KsN+ J
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1Sy
I5v
159
159
1SV
1SN
159
15y
ISy
1Sy
ISy
isy
ISy
ISy
1SN
15N
ISy
ISy
159
)]
ISy
ISN
159
18§
ISy
1SN
ISy
ISy
ISy
ISy
1Sy
ISy
1Sy
ISy
ISy
15y
ISy
ISy
ISy
15y
15%
ISy
ISy
ISy
15y
1Sy
ISy
ISy
ISy
ISy
IS¢
ISy
1Sy

o117
oL18
0119
0120
0121
o122
o123
o126
0125
0126
0127
o128
0129
0130
ul3l
0132
0133
cl34
0135
0138
0137
0138
0139
0140
0lel
0162
0143
0144
0145
0l4s
ole7
014n
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
olsl
0162
0163
0166
alss
0166
0167
otes
0169

3

39

4«0
4l

42
43

o6
45
48
47
%8

49
50
51
52
53
54

55
56

HIK) =Gld)=HIR}
KeNe N
HIK)sX(J)=HIX)
{ERnC
1FEROUNT =N 425 39,39
Ts0.CO

=0, 00

00 40 Jm}yN

Kali+ )

WeH{ K}

KeeN

TaTeDAuS (iR} )
ZnlenoHiNY
IFIHNRM=EPS) 4L o6l p42
[FIT=EPSISH 450042
IFIROUT~LEMIT)S3,50.50
ALFAR0.DO '
DY 47 JuleN )
Ke jo N3

WuQ, 00

D) &6 LelyN

KLsN4L
WeleHEXL ) OHIK)
JFIL=J)44,05,45
KwKeN=L

GO TC &b

Kaiel

CONVINUE

Ka¥e J

ALFASALF AsuWEH{K}
HiJ) =sw
IFCZALFALGB,1,40
KeN31

DD 49 LulyN

KL=N2+ L

DO 49 JsiuN

NJuNZe S

HIK) sHIK) oA KLY SHINS) Z7Z=-HILIOH{JIZALFA
Keke]l

30 ¥C 5

[ER=1

RETURN

D1 52 J=l¢N

K=NZ ¢J

XEJ) sH({K}

CALL FUNCYEN X oF oG ¢ KOUNT JNJUMP M 2D 1<
IFIGNRM=EPS)55,55,53
IFTLIERISSE,54,456

[ER==]

GOTD 1

{Ex=C

RE TURN

END
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-l U

s

i |

B

e s

A 0L L D T

ISy
(83

TSN

ISN

IsSN

~ 1Sy
15y
R )
1Sy

159

ISy

ISy

ISy
ISy
ISy
5y
IS
15y

159
1Sy
15y
ISy
ISy
ISy
15y
N £ 2

18y

18 | SEPY &9 )

COMPILER OPTIONS - NAMES

0002

0003
0004
0005
0006

0007~ " "

0009
0010
101 S
0012
0013

00167

0016
01?7

0019
0020
0021
0022
0023
002«
0025
0026
0028
0029
0030

‘0032

0033
0034 _
0035
0036
0037
0039
0040
0041
0062
0043
0046
0045
0046
0067
0048
0049
0050

ona

100

110

0D 120 JMLIA

130

TEMSElp2<#~RIBIEMS ™

1640
150

160

i

170

180

190

057360 FORTRAY H

MAIN(OPTw02,L INFCNT=60,SILE=Q000OK,
SQURCE ACO+NOLEST ¢ DECK,LNDADs MAP,MOED LT, I Dy NOXREF
SUBRCUTINE SORTRENS(EMFIRA,ATsSVe ASyNFF,9DM2D<

-

COMPARES EM AND ACTUAL EIGENVALUES.

REALSE SVEN20C,RRTM2DC, RITM20<, EMSTMDe 2<s EMFEMD, 2C,DIF JDABS

IMUNSCNFF™

140

1s5cL e
LESE “GFe NSC GO TO 14D
D3 110 J#l,1A
SVEJCHDABS SHREIC~EMST 14 LCCEDABSERITIC=EMS R 10 2CC
DIF#SVELC

TEMML

-

S e esm—— bt b —

IFSDIF JLE. SVEUCC GO 7O 120
DIFNSVEIC
1EMEY

g =

CONT INUE

EMST 141 CARRTIEMC

EMSET,2CARIRIEMC L _
IFEDABSERIBIEMCC<1.D~8¢ 100,100,130
et

EMSTI,LCHRREIENS

t——— v — = -

GO ¥C 100

[FENFF .LT. 1< GO TO 190 _
14

101l

1F21 .GT. NFFC GO TO_190
D3 160 Jf,1A
SVEJZHUABSERREIC~ENFE ], 1 CCLDARSERTRIC~ENFRIs 2¢C
DIFESVELS
IEMNI

DO 170 JWl. 1A
IFEDIF L LEs SVEJCC GO_TO 170
DIFNSVEIC

1EMAY

CONT INUE

EMFZl, LCHRRESEMC
EMFTI,2¢MRITIENS
IFENABSCRIXIEMCC=1 o D~BC 150,150,180
18181
EMFRI L SHRRXTENE
EMFEl42¢H~RIZTIEME
GO TC 150

RETURN

END

— - e a -

p— e = Pt PR

o i — LA o 8 ———
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LR ol R

bRy

LEVEL

15y

— E————

sV
S\

1Sv

. IS¥
sy

ISy

15V
TSy
15%

15v
sy
15y

1SN

sy

1SV

ISy
1%

15V

1SV

15V

15y

ISy
TSy
1Sy

15V

Tsy
1Sv
15V
15V
ISy
159

132

18 ( SEPY 69 ) 0S/360 FORTRAN H DATE  71.119/00,36.
CIMPILER OPTINNS ~ NAMEs MAIN,OPT=02,L INECNT=60,51ZESQOO0K,
SQURCE ¢BCOoNOL IST, DECK o LNOAD, MAP o VOEO LT, L Dy NDRREF
0002 . SUBRCUIENE ASSIGNRCX JENS sEMF o AL Oy ICPLE NS oNFF o MD(M2D1C
E FIRMS VECTOR CX FRDM EMS AND EMF,
0003 _ REALOD CAEM2DLC,ENSEMD,2CoEMFEMD2<,AL0DARS
0004 DIMEASION [CPLXEM2DEC
0005 IASNSEHFF
0006 _ 0 e e e e
0007 #55 LoLEL —
0008 IFSL T, NSC 30 TO 470
0010 CXTLCIENSEL,ILC . . . .
0011 12PLASLE IO
0012 IFROABSSENSEL »24< =)o D=8C 465,465,480
0013 060 LLNLEL e e - - -
0014 CXTLICHEMSEL 92 ¢
0015 1ZPLXTLCHL
oole Al .
0017 465 GO TC 455
00LH 470 IFENFF .EQ. 0< GD TO 490
002~ _ LHL=1 e e )
0021 “75 LWLEL
0022 IFEL .GF. 1AC 50 TO 490
0026 _ LSHL=-Ny e e ]
0025 CXEL CHEMFRLS o1 ¢
0026 12PLXATLCAD
0027 - IFEDABIEEMRELS p2€7 1.0=8C 485,485,480
po28 A0 LL1WLE]L ’ .
0029 LStaLsal
0030 . LXSLICWEMFRLS1.2¢ — -
0031 12PLXTLCHL
0032 LoLl
0033 _ ¢85 GO TC «75 e e e
0034 %90 CXEL<HALO '
0035 RE TURA
0036 ___ END

e e —— - A—— . —— o ————————— . e - [ - e



F» &3

I L L S . L o &=

EVEL

ISy

1Sy
1SN
15%
1SN
ISy
15y
ESN
ISy
158
I5%
159
ISN
ISy
ISy
iS%
158
133
ISN
158
15y
ISN
ISy
ISy
IS
15y
ISy
15y
ISy
ISN

159
154
ISy

ISy

1SN
15y
ISy
ISy
ISy
15%
IS%
ISy
1Sy
15%
1Sy
SN
ISy
ISy

18 { SEPT &9 )

057360 FORTRAN H

.

COMPILER OPTIONS - NAMEm MAIN,OPTa02,LINECNT=60,SILEO000K,

0002

0003
0004
0005
0006
0007
onoa
0009
nolLo
oot
0012
0013
0014
0015
0016
oo0l7?
aole
0019
0020
0021
0022
0023
0024
0025
0026
0027
oozs
0029
0030
0031

0032
0033
0034

00135

0036
0038
0039
0040
0041
0042
0043
0044
0045
0046
00417
0048
0049
0051

[+ 220a)

a2z R

125

130

SCURTE +BCONOLISTyDECK o LOAD MAP o NOEDITy 1D+ NOXREF
SURRCUTINE CUNDRNyCXyCFyCGo KUUNT o NJUMP, M20D K<

ROUTINE CCMPUTES FJNCTION AND GRADIENT FIR ROUTINE DFMFP,

REAL®S CXEN2DIC,COEM2D1I<oCFoDABS

REAL®8 ALLyR2,RIM,DR+GA
REAL A ACOTLALD,SHMD

REAL®B ATH46CsBE6,6CsCRE26CeAHE12,12€9A2012412¢oA25812¢12CoAVELANC
REALYE FFIb¢H<oFGEHs6Co FHEO 16Co FIR646C o GFBhe 68y GGE6y 6<o GHE S 6<
REAL®B TR0 o0 GFNEH 46K oGrMEDsOC, GHMBL 46K s GIMBSo 6L GRF T 6C
REAL®A GRGTH «4<,GRHEO 6, GRITH,AC,CVREL2, 12¢,CVINIZ, 12¢RRSL2C
REAL®S HISL2C VREL2C e VIEI2< o XREL2C K IBL2L o VANSIZ24 1€, VINEL2,1¢
REAL®D WELZ,4<sEMTL2,2¢

REAL®B EMS36,2CENFEB,2¢

REAL®S AVFZISHC,KRSEHC ) XRFEECIXTSTHC, NTFESCyVREEHCLVRFRSC,VISEAC
REAL®S VIFE6< RRSEHCIRRFEHC,RISKOC,RIFZEC,VANSSHs 1€ VRNFEG, 1 ¢
REAL®8 VINSEH 4L CoVINFEO ) 1< AVEEIO< WSRO 6Lo NFEbo 4¢

REAL®8 5VvX¥12¢,SVREL2¢

DIMENSION 1ANAZT2<, TANASZEC, IANAFR6S, IRONE12, 2<y IRDWSS6,2¢
DIMENSLON IROWFEH2¢

AIMENSIIN JCPLX 13}

L JUTVALENCE Bav9Tl 4, AVFRICC, EAVEITCAVSSICC

CIUIVALENCE XFMTLICFMFYL<C, SENEL3C,EMSTICKC

EQUI VALENCE ERRELC,XRSBLCCySXRETS ¢ XRFT1CEEXIRLC, XISKLILC

EQUT VALENCE SXTZ7C XTFRICC, BVREL S, VRET1IKC,SVRE TS VAFRIKLC
EOQUIVALENCE EVIZLIC,VISEICCAVIRTC VIFEICEC,SARTIC,RREYLCC

EQUIV "LENCE ZRRETC,RRFEICC,ERITICLRISTICCBRAITTE RIFRLICC

EQUI +* _\CE ZVRNELC,VANST1CCEVRNE7C,VANFELLCS

EQUI~~ - LE EVINSICVINSBICC, ZVINS TS, VINFEILC

EQUE. % " ~LE EWELC WFELICC,ENE25¢, WST1<C

EQUIVALEWCE CTIANAYIC,TANASELCC, RTANATTS 1 ANAFSLCC

EQUIVALENCE SIROWELC, IROWSELCS, ZIROWEL IS, IRONFELILS

COMMON /PCMZ Ao A2 4 A2S AV CVReCVI oWy Ay Byl o FFoFGo FHeFI4GF GG o GH

GJeGFMyGGM, GHM ¢ GIM, GRFyGRGe SRH: GRJ» EMy VRN ¢ VINRRGRE
VReVIeX e XTIy [RUW, TANA

COMMON /MC/Z SVSVRLROCTL (ALO,SUMO+DANDORM, ACC NS ¢ NC o NF ¢ NFF ¢ MD yMD2
COVMMCN 7PC27 OR.GA ICPLX+ LAREA,M2,M20

LFORMAT./ fe@ ITERATION NUMBER KOUNTH#3,13<

FORMAT35D20,8¢

FORMAT ./ /4% EITGENVALUES OF THE COMPENSATED SYSTEM,.9<
FORAMAT L/ /e@d EIGENVALUES OF THE COMPENSATOR.a<

FORMAT L/ /ea ALD Ma,F12,.5,3 ROOTL Wa3,N15.7,8 COND.~NUMBER F#a,
30154 Ted FUNCTION VALUE #a,F10.4<

1EENJUMP LEQ. 1€ GO TOD 125

KO=0

NJUMPH]

LAONSENFF

A1 WASUNFF

GO TC 235

CONTINJUE

NASHG

TANNSEVFF

IALOIAL)

Lao

LeLel

IFZL +u¥e NSS 30 10 165

EMSELoLCHCRELC

ny =

DATE

[
Lo
o

Tiell9/02.3%.2)



1Sy
159
1SN
ISy
I5v
IS8
ISy
183
ISy
(1]
15y
15y
1SN
1Sy
ISV
IS5y
(511
15y
15y
15y
159
ISy
I5y
ISN
ISy
ISy
1 41 |
ISy
159
15y
ISy
ISy
1SN
ISy
15N
IS5y
ISV
15y
SN
1SN

ISy
15y
1§14

1Sy
15y
15%

£
15y
159

0042
0053
0054
0055
0056
0047
0058
0059
0060
0062
0063
0064
0066
oo0s7?
0058
0069
0070
0071
o072
00?3
an74
0075
o074
0077
0078
0080
00Aal
0bB2
0083
o084
OORS
008s
ooa?
oose
00A9
0090
0091
0092
0093
0095

a09%s
0097
0098

0099
0100
o101

olo2
0103
o104

aonoccon

135

140
145

150

155

160
165

195
197
200

20%

210

215
2290

S

CALL SEMTR2ZAHA2 4AZSoCVRICVIoWo TRONsRR o LT s MR X1 s SV SR JAM2D4IVE
$ <

EMSTL,2<¥0.00
IFSICPLATLC-1C 140,135,135
LiNLEL

EMSELp2CHCXELLIC

EMSETLL 2<0~-CASLLC
EMSKLL oL <HCNEILS

Lot

GJ IC 130

IFENFF .FQ. 04 GO TD 1&5
LaL~-]

LALEL

IFSL «GFa TAC S0 YO 165
LSAL-NS

EMFSLS,. 1 <#CxBLC
EMFELS+2<#D.00
IFSICPLXELS~LC 14D4155,9155
LIWLEL

L5 #LSGL ’ Co - -

EMFZLS,2<NCXELIC

EMFELSL s 2<H=-CNTLi €

EMFELSL+L1<HC ELS

LaL}

30 TC 150 .
ALOWNCX &LL< -
IFENAS JEQ. 1< GO TO 23%

KO#O

Kind ' )
K2 ¥NFF

K3nl

Ke¥NS

CONT ENUE

CALL WLONMPENS ¢NC o NFeNFFoMDoMD2y 190 K1y K29 K3 o KéC
D3 2C0 [ W1 ,NFF

DD 2C0 JaloNF

FOEI o JSHFGRI 4 JCHALD

DO 205 [ #].NC

DO 205 J=],NFF

FHEL o JSHFHEL o JCZALOD

IFEX0 .57, 0< GO YO 220

WRITERS, 10 KDUNT

WRITER S, 20<

DD 210 1#1..NS

WRITEXS, I5C ZEMSEL yJ< o ¥l y2¢

IFENFF Lf. 1< GO TO 220

WRITEX3,25¢

DI 215 JW1,.NFF

WRITERS, 15¢C BEMFE] <o I 2<

CONT INUE

IWR] YEND

CALL STABEA B CoFFoFGoeFHoaFJpAHoAVeRR RIS NCoNFoNFFoMDoM2D,H2,

TAVA, TWRITES
CALL FMJLI‘AH,‘H.A?.Ilpll.ll.ﬂzﬂ(
TvCwd

DX 225 101.1A
XRTI <Hu. DO
DO 225 JalelA
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oy | e o

%1

[

-

15y
5N
IS\
158
1Sy
ISy
ISy
IS¢
ISy
ISy
158
ISy
ISy
ISy
15y
ISy
153
IS
ISy
159
ISy
ISy

1Sy
15%
158
(£
ISy
ISy
15y
isy
ISy
ISy
ISy

ISN
133
ISy
1SV
15N
159
ISN
158
15N
ISy

159
ISN
ISy
ISy
ISN
ISy

0105
o106
o107
oloa
0110
ol12
o113
aris
al1s
o116
o117
cl1e
o149
0120
0122
0124
o125
01246
o127
0129
o013}
o132

0134
135
a13s
0137
ol3a
0139
0l40
0141
0142
0le3
0144

0165
0146
0147
148
Cie9
0150
0151
o152
0154
0154

01%6
o157
0158
ale0
0161
0162

225

230

235

500

[aBadyl

onD

[aNalz)

520
530

236
237

240
241
242

245

250

255

XREE<NKRITSLOABS SCVRE [y JSK

SUMOMXKT]C

N0 230 T#l.1A

JEESLPO LT« XREICC SUMONXREIC

IFENAS .EQe 2¢< GD TO 235

CALL SURTEBEMS 4ENF 4RR 4RI oSV ¢NSyNFF ¢MD4M2DC

CALL ASSIGNSTXENSEMFoALO, ECPLX o NS¢ NFF,40,M2D1¢

NASHI

Ls0

GO TC 130

CONTINUE

ROOT 1¥R2%1< )

DO 5C0 Im,ia

IFSREOTL «LTs RREICC RCOTLNRARIC
IFSTAREA +EQ. O< GO YO 530
R2MARELC

RIMERL LS

DO 520 IW1,1A

IFIR2 .5T. RREICC R2#RREIC
IFERIM LT, RIZICS RIMIRINIL
CONTINUE

IFEK0 .GT. 0C GO TD 240

COMPUTATION OF FUNCTION CF o

CEFul.nue {=ACT+R0ODTL )}/ (SUMDSDANDRN~ACC)
IFSIAREACS 237,2374236
CFNCFEJAPTER2~ROOT 1 <*ER2-ROATICER IMERINC/ TDREDRC
CONT INUE .
WATTEXS,30< AL, ROGTL,SUMDsCF

N2#0

Klw0

K280

LF80

NASH2

GO TC 248

COMPUYATION OF SYNTHETIC GRADIENY CG .

C3{K0)=1,00+(~ACC4RO0OT 1)/ [SUMO®DANORM=-AL. )
IFSIAREAS 242426424241

CSTRCCAL GTROCEGASEER2-ROOT 1COSR2-AOOT LKL IMPRINC/XDRODRS

CONT INUE

CSEKOCH1 L D29CLGEROC~CFLC

IFILF=1C 245,3304410

KONKCEL

IFEKC 45T, NS< GO TO 305

IFEN2-1< 250,280,280
TFEDABSEEMSTRN2¢<~1.D-BC 25%59255275

SELECTION OF A REAL SYSTEM EIGENVALUE FOR GRADIENT COMPUTATION.

N2 WO

EMSTKO,L CHEMSENOs I<ELD-2

IFEKC EGCe 1< GO TO 270

KOl NKN=)

KD2 #KQ=2

IFEDABSEENSEKDL 92<<~1.D~8< 260,260,265
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ISy
15y
ISV
ISy
ISy
15y

15V
15N
ISy
ISy
15y
ISy
ISy
ISV
ISy
ISy
ISy
IsN
15¢
159
IS
ISy
15y
ISV
ISV
L5N
ISy
189
ISy
I5v
15N
IsN
ISy
15V
(B3
15N
ISy
ISy
I8N
15y

ISy
ISy
£y
Isv
1SN
154
15N
ISy
158
1SN
15y
Isy

0le63
Olos
0165
0lob
0167
ole8

ols9
oL70
0l7l
0173
0174
0176
OL77
o178
o179
o180
0181
0182
0183
0184
0185
O1R6
o187y
o188
0189
0190
0191
oi92
0193
0194
or9%
0196
o198
0199
0200
0201
0202
0203
0205
0206

ozo07
0208
0209
0211
0212
02t}
0214
0215
02ls
ozL7
o218
0219

[aNalsl

aon

260

265
270

275
280

285
290
295

300

30%

ilo

ils
320
325

i3

315

340

345

350
355

136

EMSEKOLl, ICHENSEXOL,1C=) . D~2
GO rC 2712

EMSENO29 2CHEMSEKD2,y 2<~14D=2
K3wxe

K6 WKO

50 1C 135

SELECVION OF A CODMPLEX SYSTEM EIGENVALUE FUR GRADJENT COMPUTATION,

NZ#N2

NZWN2-1

IFTIN2 ,EQ. 0< 30 YO 300
EMSTKO, 1 <CHEMSTKD, L1<EL.D~2

IFZKC .EQ. 1< GO YO 293

KO1MKO~-L

K02 WKQ=~2

IFENABSETEMSEINO]L »2€C=~1.0-8<C 28%,2854290
EMSIKN] ¢ LSHEMSEKOL 1K) D=2

GO TC 239%

EMSTNOZ ¢ 2<HEMSEK D2y 2¢~],0~2

KI¥KQ

Ke#KO

GO FC 135

KOl #K0~1

EMSEKOL s 2CHEMSIKDL 4 2<E1a D=2

EMSEKOL ¢ ICHEMSEKOL ¢ 1<~k o D=2

53 TC 195

LFH1

KO#KO-{

KO #KO-1

IFSLABSTEMSTKD 9 2€<<~1.0~-8< 310,310,315
EMSTKO | CHEMSEKO 42 <=1 .0=2

GO ¥C 320

EMSTKOLy 2<NEMSTKOL, 2<~1,0~2

IFENFF .EG. 0¢< GD TO 405

NZNO ‘ '
K3ND

K& N0

KO#KCEL

KF MK C=NS

IFEKC .5T7. [AC GO TO 330

IFEN2«1< 335,355.365
IFIDABSIEMFIKF,2)1-1.0=B) 340,340,360

SELECYION OF A REAL CCMP. EIGENVALUE FOR GRADIENT COMPUTATION.

N2 #0

EMF SKF 1 CHEMFEIKFo1€EL.0~2
IFIKF LEQ. 1< GO TO 355

KF 1 MKF-]1

KF2 WKF~2

IFTNARSEEMFEKF] 42<<~1.D=8< 345,345,350
EMFENFL, L<NEMFEKFl41<~].D~2
GO 10 355

EMFIKF 2y 2CHEVNFEKF2,2¢~1aD~?
Kl1oKF

K2WKF

50 TC 13%
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ISy
159
ISV
159
159
15y
15y
ISy
ISN
15y
ISy
ISy
IS5
159
158
I5N
159
ISV
ISy
15y
ISy
15y
ISy
159
ISy
158
ISN
ISs
8]
ISy
15N
1SN
133}

0220
0221
ca22
0224
0225
0227
Q228
0229
0230
023t
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0262
0243
0244
0245
D246
0247
0248
0249
0250
0251
0252
0253
0254

[z 2z 1a]

380
365

ire
rs
3e0

185

390

395

400
405

410

SELECTION OF A COMPLEX COMP. EIGENVALUE FOR GRADIENY COMPUTATION.

N2#2

NZUN2~]

IFEN? JEC. 0< 50 TO 385
EMFENF 4L CHEMFERF o1 <EL. D=2
IFEKF LEC. L< GD TD 380
KFL#NF-1

KF2 #KF -2

IFSDABSEEMFERFL y2€<~1.D~8< 370,370,375
EMFERF] o ICHENFEKF] yL <=1, D=2
GO ¥C 380

EMFEWF2, 2CHEMFRKF 29 2¢~14 D=2
K1 #KF

K2 MKF

60 TC 19%

KFLWRF-1

EMFIKF Ly 2CHEMFEKFL 4 2<E1.D=2
EMFEKF | o LXWEMFEKFL o1 <~1.D~2
GO 1C 193

LFa2

KOSKO=1

KF K 0-nS

KF14KF-]
(FRDABSEEMFERF2¢<~1,N~-8¢ 395,395,400
EMFEKF 41 CHEMFEKF 4 1<~ D=2
GO TC 4«05

EMF SMFL o 2ZHEMFRKF L ¢ 2€~1oD=2
KOMKCEL

AL1wALU

ALGNTALOLL . 0=-2</7AL0D

GG TC 137

ALOIMALL

RETURN

END
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LEVEL 1& ( SEPT 69 )

COMPILER OPTICAS = NAMG:

FULL PIVCTAL CONDENSATION TU SOLVE
(N & N)o BB 8% X_8TE (h  Ma)

057360 FORTRAN H

VAINJIPF=02, LINECNT=6(SIZE=GCOUNK,

SNLURCE 4 NCD o NALIST JDECK s LUAD AR (NATDIT o 1 CoNIXREF
SUARCUTINE LENCLSIINP ) NeMBo AR LBy XeAgAsSV4SVR, JER,D, TOL .MD-ND)

LINCPR HATREX cnUATION SOLYER.

USES GAUSSTIAN ELIMINATION WITH
SASX =B FOR X, WHEPE AA IS5

NATH

—— o ——— e

¢y —

[
A
o

71.092/02.08,1

—

I0P = 1 =~ STAGNANC SOLUTICN « INPUTS Ad, @H, SOLUTION IN X.__

T"®72" = MATRIX INVERSION = TNPUT AA, SOLUTICN X = Aal=i),
BB NN LSFED.

SvR. FRCM PREVICUS WETURN, SCLUT|ON IN

LAMAX IS THE ELEMENT GF LARGEST MAGKITUNE [N THE AA MATRIX,

® 4 = UPPrR TRIANGULA® MATRIX INVERSICN (AU RECUCTION) .

Pt

Xe

THBLT TAA T(MAYRIXL TC RE INVERTED), OUTPUT S
X = AAl=1), BB+SV.SVR NOT USEC., AA UNCHANGEC.

MD"ANE NETCEFINE S1ZE CF ARRAYS TA PARA

E
_STCORAC: - AsB,45V.SVR_ARE STORAGE ARRAYS OF
AL ANE RE ARE UNCHANGED BY SUBROUTINE.

TER LIST 45
INCICATED

TNDICATED oY
CIMENS'C"S.

TE« "« 0 = SLCCESFUL SOLUTINN,

= =} = N IS5 JLEs O &

= K oGYs O = AA IS5 SINGULER OF RANK (Ke=l},

RA PATHIX 15 CUNSEUSREL TC JE SINGLULAR JF 4 PIVOT LESYS THAN
TOL*ABS{AAMAX) [S FOUND DURINE The FLIMINATION PROCESS.

N SFCLL KCY EXCRFD 10C WITHOUT INCREASING THE STZE OF THE ¢BUF?

e il

IN THE CALL TO LINZJS, THE ONLY MATRICES IN THE SET (LA1BCeKeAsB)

bieilH MUST HE UIFFEREAT ARE A ANU B. THAT [S, AA AND A, B4 A'(
P MAY BE TME Sawg IF THERE 15 NC CESIRM YO SAVE AA ANC B.

wﬁlbb. X Ca Bt T4E SAME PATRIX AS EITHER A UR Be PUT IF X AND

A ARE COMMON, A SUBSECUEANT CALL TC LINFQS WiTh A NEW BR MATRIX

CARNCT BE MADE.

..... —— e

-y 8 —

— ————

CINMERSION AA(NLMD) oBBIND N0 o XINLGND) o AINDIMD) s B{MD D)2 SVIMD),
1

. s g 1 ——

COUBLE PRFCISION AARBeXoAsbePIVOT,R,PF

INVERSION - SET MD=N AND Bel

P e e e gt ¢ B 4 e s - g —_———, s+ |

e ———— i e R e Tt ¢ e« ey v © e v e coaape

A 1 s T — i o TS W 0 A el

—— i e =

1SN 0002
c
— C
[
c
C
—
E 1OP = CPERATION CCDE
e — .,
(4
c
[
C
[
c
c
¢
o
E CINMENSICN STATENFAT,
— <
c C = CEJERAM[NANT OF AA.
E 1€R_ = cRROR CODE,
[
[
T
c
C
C
C ARKAY,
- £
[
C
14
C
c (1.Eeo LOP=23)
— - - - c — — - - ——
C
15N 0003
_____ SVR (MM
_ - —
ISV 0004
. ISN 0005 UCOLBLE PRECISION BUF(100)
1SN 2C06™ ~ T DULBLE PIECTISION LARS
c
c
TPe cCATT T T T Tepsall”
158 0Cos Nlsy=1
_ . _ksN o009 IR=[CP-2 )
181 0010 c IFLIPY TCy50,440
_ €
- - N -
ISN 0011 4C IF1IB=L) T0,10,50
154 2012 50 MHaN

- e .-

_—

——————

st e e



139

15N 0013 LO 6C Isl4N
_18°1 0014 R L B L L R
%% 0018 5% Hidy1180.00 N
159 00le 60 BEl,1)%1.D0
ISN_ 0017 IF{IB) 6L,A0.62 _— L .
. : — _—
E UPPER [RIAJGULAR MATRIX INVTRSINN {ND ELININATION).
TSw 0018 &2 Csl, — N
1SN 0019 B0 64 1=],N
_  _ISN 0020 DO 62 aml.N o
150 00217 T 6d At L) aaaldoi o X T
i54 0022 b4 LuCea{l,])
_Isn 0023 JECAPSIDI=TOL) 66,466,200
ALY [ IER-l M
1S4 0025 . RETLRN
_15% 0026 70 0075 i=j,MH e e e
isN o027 BT M R Ty 7] " -
IS4 n0za 75 BlJel)stiBfdel)
e __ISN 0029 IFCIE) a0,PO,4100
tén 0030 80 CO 9C I=l N - **
1SN 0031 CO 85 J=1,N
I8N 0032 8% AtJlT)sAALS, )Y —
15% 003. T 90 Sviliw ;
1SN GOY4 D=1,
. 15\ 0635 LCO_IFINT) 101,1504102 —_— L
154 0016 1007 1R T "
[SY 0037 RETLRN
e, -t - — e e e oo e e+ o
c
c ELIPINATION LCDP {THRCUGH STATEMENT 126) .
C
¢ SEARCF FCR LAAGEST FLEMENT Th LOWFR (NE ® NE) ALCCK OF A (= FIVCTI T
C
oo ASN D038 102 DO 126 MEslyND_ _ e e
158 0039 IFUTIRY 1C3,103,150
ISN nNo4o 103 BFeDANSLAINESNE D))
N L 2 A L LY . PIVOT2AINE,NE) _ e i
IS4 0042 TN xNE
ISt Q043 KNCaNE
. .. 15N 0044 e Ld los JeNELN_ e e ——— e e+ e R
154 2045 DO 106 [=NE.WN
15N 0046 TFIT2BaAlTod)I=NF) 106,106,1C4
SN O0&aT 04 NRED e e e e e+ ——— e
ISN 0048 NC=Jg
ISy 0049 BFeCAPIlA{T+J))
_ 158 0050 P IV A B )
158 0051 1C6 CONT INGE
ISN 0052 IFINF JFCs 1} EPS=TOLSDABS{PIVOT)
ISN 0054 __L=Dep[.0T e e e e e
ISN Q0<% SVRINE IR
c
e e C hﬂ__SlNGLLaRIrY CHECK e o et et e mmea . e o R
c
1SN 00Se IFISARSEPIVOT) = EPSE 108,198,110
iS4 0057 _108 |ER=AE i X
ISN GO4A L
[SN Q059 REILRN

4 e
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1ho

- — b e W

15% NNAKO 110 NP =SVR{NE}
ISN DAL TFIAR=GEY 1T 0T et e
¢ . -
C Rilm INTEPCHANGE = A[AR.K) WITH A{ME,K) FUR K » NE TO N
_ . b —ulmunluHHINNhKlFUIK- LYOMB
-
ISN 0062 101 IFCTE) 11241024115
__ISN 0063 _ 112 CU 114 KsKE,N . o e —m e
ISV 0064 T BF A LA ,K) . )
i5N 0085 AUNR K )=A(NE KD
_ISN 0066 114 AINF ,K)=BF e e e
1SN 0067 115 0O L1€ KnloMd )
1SN ODe&B BFtPthu.K)
_I5n 0049 HINR oK ) eR(NEgK)
15N 00F0 116 BINE,K)=8F T o
IS 0071 1L7 IF0IPY 1171, 0078,122
_l§if0g12_m___CIITI JFINC=nE) 122,122,118 — . ———
c COLUMA [NTERCHANGE =~ AIKoNE) WITH A(K,NG) FOR K = 1 TO N
¢ ACTe = SVUT) IS TH® QRIGINAL UANNOWN VARIABLE Mus (FaEes COLUMN
(é NLVEER) NDW CCCUPYINS CGLLMN | IN THE REDUCED ARRAY.
_ISN 0073 118 _sFsSy(aC) —_ —— e 7o
TISN D074 SVIACIsSVINEY
15N 0075 SVINE) «RF
_ISN_0976 $0 128 KmiyN
1SN 0077 BF=A(K,%C)
1Sy 0078 A{X NCI=A[KyNE)
LASN 0079 120 A{K.NF¥=BF _ . - -
c .
c REDLTTIUN LCOF = R = A({1AF}/PIVOT r ALI NEYZAINE, *E)
¢ e e UALLed) m AfigJ)_~ RA(NE,S)_FOR t,J = NECL TO N . .
€ TEIT.d) = BU1vd) = REQINE,J) FOR [=HEL1,N Jel,MB
c R 15 STORED TR ACE.NE) (LOWER PART UF A MATRIX} FOR SUBSEQUENT
L CALLS WITH A NEW RIGHT HAND SIGE (BE MATRIX) - [OP = 3, .
o
15+ 00RY 122 NE?'=AEG]
A8% 0091 DI 128 LENELWN e e e e
154 0082 IFUIPY 1231,1230,123 ‘
159 0083 123 R=A{ Iynf)
184 00Re GU TC 125 e s . — — r——— - e e
1S 0uss 1221 RaA{ lovF)/PLIVCT
1Sy 0086 ALl ohED)=R
CISM QURT DD RE6 JRMELLN — e eran s
1SN 00388 124 Alles)msall J)=RERINFE T
1S% Q0B9 125 UU Lleg J=1,MA
ASN GOYO . 126 BUTe =Bl o d)=ROBINE DY e et e e
[
c ENE CF FLIMINATION LEOP
., C . -
- . ¢ -
c FINAL SINGULARITY CHECK
¢ - e e e+ ———
IR LTY 150 IFICMISTAIAN)I=EPS) 192,152,170
ISy Q042 152 leRan
154 0093 L=, - e e e - mmree e -
{S% 29994 Re TN

15 007%

119

olr 5T, 0F Gi 70 2C0

PAGE 002



L g -

L2 it |

141

1SN 0097 DeD®AlK N
U S _ C - e - . e s
c NACK SLaSTITUTION AND SILUTION '
¢ X{lek) = (B01eK) = SUMIIRTEL IO NI (AT JIRKEIoKIIIZMIE41D
R . FER I = N TO Ly AND EACH COLUMM OF_8 (Ko} TQ_MH). _ - .
c
1S\ 0098 2C0 CO 21C Kel, M8
__15v_0099 ——— s T LLYLY S PN L TYCT ..
1SN 01IN0 [aiy i '
154 0)01 202 Is[=1
k5N 0102 _IFCL) 210,210,204 e
[S4°0103 ™ 204 Mistr} '
ISN 0104 BFs0,
1SV 0105 _DD_206 _JaF14N
TASNTOI06 T 2C6 BFIBEGAIIJISXTIIRY -
1SN 0197 XE1eH)alBIIoKI-RFIZALTS1)
__Isv olon .60 TC 232 —
1SN 70109 T Z10TCONT INUE - T
1SV 0110 1ER =L
o IsNv oLl - IF{I0=2g) 211,220,211 —_ -
c RUW EXLHAMGE = PUT X VARIABLES [NTL PRORER PLACE [N X MATRIX
— ¢ X(Mad) = X([Tad) WHERE M=Sy{l)e FOR Js1 TO M8 . et
€
1S4 0112 211 DO 214 J=i,MB
15 0113 CO_232 Iw]l.N — e e
Isv o1« 212 BUF 1) =x{1 e d)
1sM 0115 LO 214 Im},N
.. dswone__ __ ReSWD) — —_— - — .
ISy ot17 216 A(K ¢ )aBUELL)
c
IS{ Clle 220 RETLAN . e——
1S% 0119 END
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LEVEL

ISN

I5N

{SN

ISN
ISN
15N
ISN
ISN
I5N
ISN
ISN
IS
ISN
ISN
ISN
ISN
ESN
1SN

I1SN
ISN
1SN
1SN

18 ¢ SEPT &4 )
COMPILEA O
0go02

1
1
t

1
1
.
T

oo AnNONAOOOnOOIOON

- ——

o012z B UL

0014 110
0015 i20
oLles 130

0019 132
oo20 140

[z 2 xZalalal

o021 14l
0023
0024
0025

057360 FORTRAN H Catg

PTIONS = NAME=s VAN OPTS024L INECNTuO045T 28 n0LO0K
SOURCE«BCOoNOL IST4DECK | LDAD 4 MAP 150, L T o I C 4HONREF
.i:aﬂsﬁflhE lﬂﬂklGlAcBuE"vGoTuAI'AE'BIolcSV|$VﬂoNS-NCo“ltK2|lEllﬂDo

UL

ARDJTRARY PLACEMENT UF EIGENVALUES UF THE MATRIXK 1A = Bo5)
GAL'Y MATRTX G WiLL ALWAYS RE RFAL=VALUEL,
PRUGRAM HANULES BCTHy DISTINGY ANE/OR MULTIPLE CIGENVALUEBS,

LER e y = SUCCESSFUL+ OTHERWISE! (A¢8) 1S UNCCNTRELLABLE,

A= INS ® NS5) SYSTEM MATRIX
A= (NS ® NC) INPUY MATRIX N
G o« = CeTf=1) =« [NC ®NS) GAIN MATRIX
EM ~ (NS # 21 MATRIX Of COMPLEX EIGENVALUES: RE(EM} [N COL. 1,
IMEEMI TN CMLe 2 o [F EM AND A HAVE GCOMMON EIGFNVALUES,
EMUEs1) mEMilgdt = | &
BOTH CONJUGATE COMPLEX EIGENVALUES MUST BF PLACFD IN SUCCESS-
IVE ROWS JN THE EM = MATRIX, ALWAYS LISV THE GOWPLEX EIGENVA=
LU WITH PDS. M. PARY FIRST,
PULTIPLE EIGENVALUES MNEED NOT DO INPUTED lv SUCGESSIVE a0W$
CF THE EM = MFATRIX,

MATRICES A AND B ARE UNCHANGED RBY THE SUBRDUTINE.

CINEASION AIMD,MODoBIMDIMD) JEMIMD 42} oGEMD WD) yALIND MDY o AREMDYNC)

CRTUME ML) RLIMD MDD o X{MDy L}y SVIMD Y, SYRIMD) o TMULTIMD, 2}

COUBLE PRECISION AlsA2,BsEMG,T 4,401 ,LABSX -

NC1s=sNCLI

IFINC] .CT. NS)Y GO TO 130

Leg

EQ 12C J=NCleNS

LatEl .
DD LCC [=]1,NS

Gty J)=a{1,L)
IFIL=-NC) 12Cs1104110
L=0

CONT INUE

IMeK =1

CO 122 Ial.NS
TMULT LI, L=

TMUL TG, 2020

IM= ML)

CHECY FDR MLLTIPLE EIGENVALUES.
IF LEMEER) o SMUT2E) AND BEMIJ,1)4EN[I,2)) ARE EQUAL.
IMULTLde L=l o TMULTIUd,2) %]

IFUIP LEC. 1) GO TD L4é

IMNs= [N=]

CO 144 [sl,INN

IFIC2ESIENMUTo1Y=EF(IMe1}) oLTe o 1C=7 LAND. NAUSIEN{I2)=EFIIN,2))
1472 LLD~7) GO TO 142

1h2

T1.096722.27.1




1SN
ISN
ISN
1SN

1SN

ISN
ISN
1SN
ISN
ISN
ILN
1SN
ISN
ISN
ISn
ISN
{SN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
1SN
ISN
ISN
1SN
15N
ISN

1SN

ISN
ISN
ISN
ISN
ISN
ISN
ISy
1SN
ISN
ISN
ISN
15N
15N
ISN
15N
[SN
15N
ISN
1SN
15N

0027
0020
0029
00130

0031

0032
0033
0034
0035
0036
0037
0038
0040
0041
0042
0043
0044
0045
0048
004/

0048
0049
0050
0051
0052
00%3
0054
0056
0057
oose
0059
0060
0061
0062

0063

0064
0083
0066
0067
s 1Y)
0069
0070
o071
0072
0073
0074
0075
ga7e
a0?7
0078
oor9

oo o

2 X2 X2

142
144
148

150

160

170

172
174

180

190

2C0
210

220
230
232

234

236
238

GD TC iag
IMUL T M, 1))
INULTIIN,2)w])
CONT [hUE

FFICIBA(EN I IMe2))=1.D=B8) 13504150.190
REAL EIGENVALUES, DISTINCT AND/OR MULTIPLE.

1E=Q

€O 170 I=],NS

CO L4C J=i, NS

Al{Lsdim=Al s d)

ALt Tl )ALl Ts JDEEMETN,D)
BItIoldoBileiM)

IFCIMULTIIMN2) LEQe Q) GO TO 17w
MULTwIMULTL IMy L)

CO 172 I=leNS
BLITelinBhiTol}«TiMULT )

CONTY INUE

CALL LINEQSTLoNSodoALsBLoNyALeBLoSVeSVRYTERDeloE~10+¥D,})
IFtIFR) 180,280,180
EMIE IV, L )aEM{ My Rk )~1400
GO TC 141

COMPLEX PAIR OF EIGENVALUES, NISTINCT AND/CR MULTIRLE.

1E=1

Ml=IME]L

CO 21C Jm),.NS

£0 2(C Iw]4NS

A2M L0 )n=AL1,d)

A20J 3 )mA20 94 JILEML TNy 1)

IFEIVLLY(IM,2) JEC. 1)} GD YO 232

L0 23C I=14NS

Blil 1)=C,D0

L0 22C J=]1,4NS
BICL1IwBLEI+10CA211d)0BLL,IV)
Al{1,4)=0,C0

CO 220 K=1,NS

ALTLJi=Al{ L J)EAZITKI®A2(K,J) L
BLIToLI=B i BEoLDEENMIING 2B ],IM))

ALUL o) )sALUIo [JEEMIIMy2)CEM([IM42)

GO YC 238

FULT=IMULTE [Me 1)

MULT LeMULTEL

CO 23+ 1s]l4NS

Bltr,11=0,.0C

LO 224 Ju)y¢NS
Blil41)=PLliTy 1IEAIT o2} {BUsIM}=Y(MULT )}
AltiJi=C.LO

LU 226 K=1yNS§
ALEToJ)mALiTodJEAITRIA2IK,J)

B101 41 0sBEC o LIRERIIN )R] o I#L)=TIPULTL 1))
AL, 1)=AL o LICENMLIMeRICEMILNV,2)

CONT IALE

CALL LINECSULoNSoloALo8loXeALoBl ySVySVRIER Dyl cE-~10¢MDyl)
IFLLEN) 240,2504240

143
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ZTL

1SN
ISN
ISN
FSN
1SN
1SN
ISN
ISN
ISN
ISN
_ISN

1SN

ISN
ISN
15N
ISN
SN
ISN
[SN
ISN
ISN
ISN
Isn
ISN
ISN
1SN
1SN
1SN

0080
ool
ooe2

onajs
0084
0085
0086
0047
ocons
Q0090
0091
0092
o093
0094
0095

a09&
0097
0098
0099
0100
0101
0102
o103
0105
0106
o107
o108
0L09
oL10
o011}
o112

[aNalal

onn

240

250

260
270

272
200
290

360
sto

320

330

340
350

EML Mol IEMEINg L )=1.0C
EMIINML, J1mEM{ M, 1)
GO TC it

CONSTRCTION NIF  T{TRANS) MATRIX

LO 270 fs14NS

TEINL, 1 in=Bld, 1N}

CO 2€C Jul4NS

TEEML, LInTO[MEoDDEAZIT o J)®KISy))
TEIML, LI eTU MLy D ZER(IM, 2)
IFUIMLLTIIM,2) LEG. O) GO TO 280
DO 272 Iml,NS

TEIMLe i )sT{IMIIIETANLLT o 1) /EMLEML2)
00 25C 1al,NS

TEIN,[IeX( 10}

IMa ] ¥C IE

1FLIV-K2} 1404300,3C0

CALCLLATION OF G = - CoTi~1)

LD 31C I=)4NC

CO 31C J=lyNS
A2(J¢1)m0aL0

K=]

LD 32C I=LeNS

A2l .K)n}.0C
K*KE])

IFIK sule NC) K=l
CONT INLE

CALL LINEQSILeNSNCeTrAZeALsGoBLySVoSVR(IER D9 laE~50,FD+MN)
IFTJER) 350,330,350

LO 3¢C I=]4NC

CO 34C J®1,nNS

GlieJim=ALiJde !}

RETURN
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APPENDIX B

Listing of the Pole Placemeni Computer Program
(including a subroutine to solve the matrix Riceatl equation)

.

AP e R e et s 2




LEVEL 18 { SEPT 89 )

ISN

ISN
ISN
1SN
1SN
ISN
58
ISN
1SN
15y
15N
158
ISN
ISN
ISN
15N

1SN

15N
ISN
1SN
1SN
ISN
15N
ISN

o002

0003
0004
0005
0006
onny
0008
0009
0010
ooll
ootz
0013
0014
Q015

057360 FORTRAN H

COMPILER OPTIONS = NAME® MA[N,OPT=02,LINECNT=60,51ZE=0000K,

oGO ROt oOOnDOOnDoON 0N

00156

o017
ools

ool9
0020
o021
0022
0023
0024
4025

5

L
10
15
20
25
30
35
40
45

50
55
L1
6%
T0
15
80

SCURCE»BCDsNOLISTsDECKyLOADy MAP 4NOEDI T, (Do NDAREF

PROGRAN DETERMINES ALL~STATE FEFDBACK GAINS FOR ARBITRARY POLE-
PLACEMENT . THE RESULTING GAINS ARE TAKEN YO INITIALIZE THE
KLETNMAN ITERAIVE SCHEME FOR THE SOLUTION OF THE ALGEBRAILC
PATRIX RICCAYI EQUATIDN T..IMPORTANT.. FOR THE SOLUTION OF
YTHE RJCCATI EQUATION IT IS RECUIRED, THAT THE ARBITRARY POLES
LIE IN THE LEFT HALF OF THE COMPLEX S~PLANE. «e€s

THE FOLLOWING PARAMETEAS #AVE TO B8E READ IN
le NSeNCyNRICC+NCHECK FORMATESI1CC
NS - ORDER OF SYSTEM NATRIX A
NC = NUMBER OF SYSTEM INPUTS
NRICC~ M0 RICCAYI EQUATICN WILL NOY BE SOLVED
#1 RICCAT! EQUVTTICN WILL BE 5QLVED
NCHECK = #0 NO CHECK OF COMPUTED GAINS, NO BACK SUBSTI-
TUTION OF COMPUTED RICCATI MATRIN,
#1 CHECX UF COMPUTEL GAINS AND BACK SUBSTITUTION
OF COMPUTED RICCAY] NATRIX,.
2« A = TNSWNSC SYSTEM MATREIX, INPUT BY ROWS.
3¢ B ~ TNSSNCC INPUT MATRIX, INPUT BY ROWS.
4. EM = TNSH2C MATRIX QF DESTRED POLE LOCATION,.
S« [FF NRICCH#L Q — TNSENSC STATE WEIGHTING MATRIX
6 IFF NRICCHL R - TNCSNCK CONTROL WEIGHTING MAVYRINX
MATRIX INPUT FORMATSS5F15.6<

PROBLENS CAN BE STACKED ONE AFTER THE OTHER. LAST CARD HAS TO 8E
BLANK

PROGRAM DIMENSIONED FOR SYSTEMS UP TO ORDER & .

DIMERSION AR6e6<eBRL)6CIENTH,2€C,GR0,6<,ALTL0CIA2TE08C, TR 6K,
1B1T6 40K X6 L <o SVREC ) SVREOC 4 YRS 1<

REAL®8 AVEIOCANTO46CSINVEG 16K HBE» 4C o XREEC XITHS VRBOC,V]ITHC
REAL®8 RRTLHC,RITHC,B2R6,46¢

REAL%8 R1{6¢615Q100,6)4RI6,6),T0L

REAL *8 Z3646<e2GT646¢

DIMENSION IANASS<,IROWES,2¢<

DOURLE PRECISION DABS

DOUBLE PRECISION AyRyEMpGyAloAZyToBl sXeSVoSVYR,Y

FORMATEBI10C

FOAMATI6D20.84

FORMATESFLS.6<

FORMATR4F20.8¢

FORMATE1HL,@ STATES ¥ 3,13,4X,3 INPUTS # 341X

FORMAYE//¢@ A ~ SYSTEM MATRIXN&S

FORMATE/ /4@ B = INPUT MATRIXaC

FORMATS/ /4@ DESIRED EIGENVALUES CF ZTA - B¢G<a<

FORMATE/ /9@ OBVAINED EIGENVALUES OF TA = BeG<Ca<

FOYMATS//,@ 1ER .NE. Oy THUSy ¥%Ad.B< SEEMS TO BE FARGINALLY@y/.3

FCONTROLLABLE ONLY.3<

FORMATE/ /7,8 G — GAIN MATRIX3<

FORMATR/ /4@ T - SOLUTION MATRIXAC

FORMATE/ /9@ THE PAIR ¥A,B< IS UNCONTROLLABLE, NCON 8§ O i<
FORMATE//y@ COMPUTED ELGENVALUES DOF TA = BeGC.a3<

FORMATE/ /od VECTOR ALPHATTRANSS SVECTOR D # BeALPHAC.d<
FORMAYE/ /44 VECTCR DETRANSC.3C

FDRMATR/ 798 DIAGONALIZED MATRIX Ay OR DIAGUNAL [ZED MATRIX TA-Be

DATE

140
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ISK
1SV
TSN
158
15N
ISN

ISN
ISN

ISN
[aN
ISN
ISy
15N
(£1]
ISN
[§1]
184
ISy
IsN
(33 ]
133
ISy
IS%
ISN
ISN
ISN
ISN
159
ISy
ISy
ISy

ISN
15N
ISN
ISN
159
ISy
ISy
ISN
IsN

159
1SN
ISN
ISy

0026
0027
0028
0029
0030
0031

0032
0033

0034
0035
0036
0037
0039
G040
0041
0042
0043
0044
00435
0046
0047
0048
0049
0050
0051
0052
0053
0054
005%
0056
0057

0058
0059
0060
0061
co&2
0063
0064
0065
0066

0067
aos8
0069
0070

(xR e Xl

[aNaNal

(a2l aXa)

1h7

1G< TN THE CASE@+/+@ OF MULTIPLE EIGENVALUES AND/CR COWMON OPEN-

2AND CLUSED-LODP EJGENVALUES.dC

85
90
9
92
93
94

FORMAT(/ /9" MATRIX SINV.*)

FORNATE/ /9@ MATRIX Q o8¢

FORVATZ/ /9@ MATREX R 3¢

FORMATR/ /43 MATRIX RYINVERSEC 3¢

FORMATE/ /+@ RICCATI MATRIX P L3<

FORMATZ/ /¢@ RESIODUAL MATRIX. MATRIX IS Z2ERO, IF PATRIX P ]S ACCUR

4ATE. &<

95
9%

99

100

101

102

103

104
105

FORMATEZ /4 HMATRIX SINVed ,0)
FORMATELHIC

MDAG

HD2 #MDeMD

REANTL ,5¢ NSNCoNRICC ,NCHECK

IFSNE .EC. O< GO YO 160

WRITET?3,20< NS,NC

READTLS1CC TIARI U< o IFL ¢ NSCo TH] W NSEL
WRITEX3,25¢

DD 1CO I #L,NS

WRITES3,7< SATL 2 J<o JHL 4 NSC

CONT INUE

READYL410< SEBEI, d<Sp WYy NCCp TN oNSE
WRITE®3,30¢

DO 101 L#l4NS

WRITET3,7¢ EBTL o <o JHLNCE

CONTY INUE

READI1,15¢ TTEMTI I W14 2Co IN] o NSC
WRITET3,35¢

DD 102 IM1,NS

WRITEZ3, 15< TEMSI yd<, 0l 2¢

DD 103 I W1 ,NS

DO 103 JWLoNS

IGX] ,J<H0.D0

ZR] o JXHART UL

INITIALIZATION OF ARBITRARY FEEDBACK GAIN MATRIX 2G ZSA#A~B®2G<,

L#o

DO 105 I R14NS

LaLEL

IGIL HICHI

IFEL=NCC 105,104,104
Lwo

CONTINUE

NM20

HAGAC

COMPUTATION OF THE EIGENVALUES OF MARRIX A .

106 CONT INUE

CALL MVECTEZA AV NS MDyMD2C
CALL HSBGINS+AV,NS,MD2<
CALL ATEIGINS oAV RR AL, IANA,NS,MDoMD2)

CHECK FOR MULTIPLE EIGENVALUES. MAXIMALLY 3 TRIALS TO OBVAIN
CISTINCY EIGENVALUES,
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TR, L Salacile ¥ - £ 5 . -TT. L | LA

3

LA

Mt

15y
ISN
ISN
15%
1SN
ISN
1SN
ISN
1Sy
(SN
ISN
ISN
158
IoN
1SN
IS
ISV
(§3]
1SN

ISN
159
ISN
ISN
ISN
ISN
ISN
ISy
ISy
IS\
Isa
ISy
ISN
ISy
IsN
ISN
ISy
ISN
15y
15V
159
ISy
15N
ISN
ISy
IS
ISy
IS5y
ISN
1Sy
ISy
1Sy
ISN
ISy
ISy

0071
0073
0075
0076
0077
0078
4079
0080
0081l
0082
0083
0084
ooas
0086
0087
[114].3.}
0089
0090
0091

0092
0093
0094
0096
0097
0098
0099
olco
oLot
olo2
0103
0104
0105
0106
0107
0108
0109
o110
0111
olL2
oll3
olisé
o115
0116
ol17
oils
o1l9
020
o121
0122
0123
0124
o125
0126
o127

107
108

109
1091
1092

110

1223727 2]

1q01

1002

1603
1004

1005
1008
1007

1008
1009

1to1

1102

111
112

IFENF .NEe. O0< GO TO 1002

IFENS EQa 1€ GO TO 100}

NS1#AS=]

0D LO8 1#]1,NS1

Iistel

00 1C8 J#I1.NS
IFTDARSERATIC~RREICC~1 ., 0-BC 10T, 107,108
IFEDABSERITIC-RTILICC~1,D~8< 109,109,108
CONT INUE

GO TC Loot

NAG WNAGE L

IFENAG=3<C 1092,1092,109:

NAGANAG~1

GO ¥C 1001

D0 11C IWM14NS

DO 11C J4)NS

DD I1C KWR,NC

ATI s JEHAR] o JK~BS] yKCUZIGEK 9 IC

GO TC 106

CHECK FOR COMMON CLOSED-LOOP AND OPEN-LOOP POLES. MAXTMALLY 3
TRIALS VO ELIMINATE COMMON POLES.

CONT INUE

NM#L

IFENCHECK .EQ. 0¢< GO TG 1009

NG#NAGE)

CONT INUE

DD 1C0& I#1, NS

DO 1C04 JAL NS
IFROABSSIRREIC=EMT I 1<<~1.D~8< 1003,1003,100¢
FFEDABSERIZIK=-EMEY +2¢<=1,0=8< LODS,1005,1004
CONTINUE

GO TC 1009

NAGANAGE]

IFENRAC=-NGS 1007,1007,1006

NAG ¥NAG=1

GO TC 1009

DO 1C08 I#L,NS

DO 1CO08 JAL4NS

DO 1C08 KNLoNC

ATI » JCHAXT 4 JC~BET {K<SIGEK, JE

GO TC 106

CONVINUE

CALL MMULTTA A,AL ¢NSINSo NS, MDC

CALL SIMTR2ZTAAL AZ24B2SINV e IROUyRRoRI ¢XRy XTI yVRoVIyNSyMDo2<
CALL NMULTISINV B AL NSNS NCoMDLC
WRITE(3,85)

DD 1101 F#14NS

WRITEZ34TC SSINVEL 2 <o W] NSC

WRITE(3,95)

DO 1102 I#1.NS

WRITES3,7< TALEL . < »JHLoNCS

CALL SINGLEZAL ¢ XR 4RI +XI¢IROWeNCONNS ¢NC,MDC
IFINCONS 111,111,112

WRITER3,60<

STOP

CONTINUE

148
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1SN
ISN
1SN
ISN
ISN
158
ISN
ISN
1SN
15V
ISN
1SN
ISN
ISy
1SN
15N
ISy
15N
1SN
ISy
ISy
158
ISN
1SN
158
SN
ISN

1SN
ISN
159
ISN
ISy
15N
159
ISy

sy
ISV
ISV
159
ISy
ISy
1SN
1SV
ISy
ISy
1Sy
ISy
1Sy
ISy

ISN
1SN

0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0349
2149
0150
0ts1
0152
0153
0154

0155
o156
0157
0158
0159
0160
0161
ol63
0164
3 F.1]
0166
0167
0leB
0169
Q170
o171k
ot72
0173
0174
o175
ol76
o177

o17e
0180

[z 1z FaKsl

(g Xz ¥ )

113
114

118
116

117
118

119

122
124

130

140

142
144

145

144

147

132

134

WRIVER3, 70<

WIITEZI, 7< IXIRICH I HL4NCS
WRITERI, 75¢

WRITET3, 7< KXRBIC I WL oNSC
D0 114 JT#14NS

DO 113 J#1.NS

ADRI +J<#0,D0O

ADXI JI<HARZIC

w0

I#tel
IFSDARSTRISICC~1.0=-8< 1174117,116
Pt}

ADKI +IP<#RIRIC

ADRIP, I<#=-RIRIC

tnip

IFS1-NS< 115,118,118

CONT INUE

WRITEX3, 80<

DO 119 =]l NS

WRITE(3.7) (ADE14J)4Jm]lyNS)
DD §24 I#1eNS

DO 122 JW1.NS

B82%1 +J<H#0.D0O

B2T1 J1<HXREIC

CALL ARBEIGEADB24ENyGoT oAl ¢AZoBL o X oSV SVRINSs 141 NS JERND. IRONS

IFSIERS 150,130,150

CONT INUE

HAITET3440<

D0 14C T#l1,4NS

WRITEE3, 15¢< SEMEL , U< JiWL 42¢C
CONTINUE

DD 146 I=slgNC

00 142 J#1,NS

B2%I ,J<#0.D0

B2%1 JA<HXILIC

CALL MMULTEB2,5:42eNCy1 NS, MDC
CALL MMULTEAZ STINV GaNC NSy NSyMDL<
IFETNAG .€Q. 0< GO TO 147

DD 145 F#l.NC

DO 145 JHl.+NS

GEI ¢ JSHG I JCENAGYIGET yd¢
DO 146 T H14NS

DO 146 JRLI4NS

AT o JXHISI <

CONTINUE

WRITER], 50K

DD 132 1 #1,NC

WRITER3,7< BGEI o<y JFL,NSC
CONTINUE

WRITER3,55¢<

N0 134 I#1.NS

WRITETI, 7€ STRI, I <o ML oNSC
CONT INUE

CHECK = CALCULATE EIGENVALUES OF CLOSED-LOGP SYSTEM SA - BeGC

IFENCHECK LEQe. O} GO TO 139
CALL PMULTTBGeAl oNSoNC o NS, NDC

1hy

PAGE C:

e

S ot et St 0 R

- il 4o 13 mte b

L et




ISN
15v
ISy
ISN
ISy
ISy
I5%
59
15N
ISy

sy
ISy

ISN

ISy
ISN
I1S%
ISN
ISy
ISy
ISV
ISy
ISN
ISy
15N
I59
15%
ISN
ISy
1Sy
ISN
5N
ISN
1SN
ISy
ISy
158
Isv

o1al
ote2
0183
0184
018%
D186
o187
Olns
o189
0l%0

0191
o192
0194
0195
0196
0197
olgs
0199
020u
0201
0202

0203
0204
0205
0206
0207
g208

0209
0211
0212
0213
0214
0215
0216
o2t7
0218
0219
0220
a221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233

136

128

(2 Xa kel

139

1140

11%l

DO 136 T#1,NS

00 136 J#1,NS

ALLT o JCH=ALZI ¢ JCEART 5 JC

CALL MVECTTAL ¢AV,AS ¢HDyMND2C

CALL HSBGENS,AV,NS,MD2C

CALL ATEIGENSsAVoRR R o IANAGNS,NDyND2)
WRITES3,65¢

DD 138 [#1,NS

WRTTE®3, 15C RREIC,RISIC

CONTINUE

SOLUTION DF ALGEBRAIC MATRIX RICCATI EQUATION.

CONTINUE

IFENRICC .EQ. O< GD TO 155
READTL410< BEQRI ¢ J< o JHL 4 NS<p T#LNSC
WRITER3,90<

DO 1140 "1#14NS

WRITESI,TC TQTL +JCo WL oNSC
READTL,10¢C SXRTTI ¢ J< o JWL 4 NCC TN 4NES
WRITEY3,91¢

DO 1161 I¥l.NC

WAL TESI,7< EREI JJ< s J#L4NCC

CALL SSRICCEABoQoRoRL¢GoToB2,SINVALoA2:8] o IANAIRON W o 1.0=-4,50,

SNSoNCoMD ¢MD2 s AV sAD ¢ XR ¢ X1 4 SV SVRJRR4R] o X ¥¢

1142

1143

[aNaKp]

L1&%

1145

1146

1147

1148

WRITES3,92¢

D0 1142 I#L4NC

WRITEE3I, 7€ SRIRI <o JFL o NES
WRITER3I93<

DO 1143 1#1.NS

WRITFRITC TBICI s JCp JWL 4 NSC

CHECK OF SOLUTION BY BACKSUBSTITUTION INYO RICCATI EQUATION.

IFINCHECK .EQ. 0< GO YO 155

DO 1144 IN1 NS

DO 1144 JH#L.NS

ALTI +J<H0.00

DD 1144 KOLNS

ATTL o JSHALET o JCEBLE] o KCRAZK IS
DO 1145 IN14NS

00 L145 JNL NS

A2ZT ¢ JCHAL S JCEALE I ICEQRT IS
00 1146 [#1.NC

DU 1146 J#l.NS

TE1 + J<H0LDO

DO 1146 K#1,4NS

TET o JSHTTI o JCEBEK I <PB1EK, JC
DD 1147 INloNC

DO 1147 J#l.NS

ALY 4J<#0.D0

DO 1147 K#LNC

ALT] o JCNHALE] 4 JCERIRT ¢ KSOTERy IC
DO 1148 1ML,NS

00 1148 JN14NS

TSI, 200,00

00 1148 Kol NC

TTL o JXHT 12 JCEBTI JKCPAL BN, JC

150
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151

PAGE 00~
ISN 0234 DO L1149 INL4NS
ISN 02135 DG 1149 J#L4NS
IS% 0236 DO 1149 K#1,NS
ESN 0237 L1149 A2T] oJ<MA2E] y JC-BLIRT 4 KCHTEK,IC
ISN 0233 WRIVEZ3,94<
18% 0239 DO 1150 1#1,NS
ISN 0240 1150 WRITERI,7C AT+ JCyJH1 NS
ISy 0241 GO YC 99
ISv Q242 150 CONTYINUE
1Sy 0243 WRTTES3,45¢
ISN 0244 15% GO T 99
15X 0245 160 CONTINUE
ISN 0246 WRJTEL3, 96<
ISV 0247 srToep
ISN 0248 END

SRV R AT

Gt
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152

LEVEL EA 1 SEPY L6 ) . L5730 FLRTRAN » DATF  7]1.CYA/0Ce014 38

COMPILER CPIJCAE = AdNiw  PAIACFTuU2 L INFEAY=A0,S IZEsCCOCN,
SCLACE oBOEyMCLISToRCEFCRGLCAC, 2P, NCECIT, IC,NONPEF

1SN €CC2 SLARCUTINE HSEGIP a1 a,0L2)
[4
c CENVFRTS A TC LFFEP MESSENPERC FCRAM
c
tSN CCC2 DIFENSICN A{ND2)
1IN CCCh DELHLE FRECISICA AoF1U,T,$
158 CCCe COELULE FRECISICA Cals
15N CCCe LeA
ItN CCC MAstela
1SN CCCE LIASATA=]A
1¢N CCCS iC IF{L=3) 380 %0440
Ity cClcC 4C LIAsLlA~]A
1SN CC1) Limi=)
ISN €Clz L2sLi~] -
158 CcC12 tsLpnLlatlL
ISN COL4 IPT Ve SLB=]A
ISN cC1¢ FIVsDABS(ACIFPTV})
ISN CCle IFIL=3) 9C490,50
ISN CCLY ¢ MulPIv-|A
ISn cole BC EC Dol yb,lA
ISN CC1S T*DARSLALLY)
1SN cc2¢ IFt1-PEV) BC,80,60 1
IS\ cc2l €C 1PI V=] . )
ISN €Cid FlvsY
ISN cC2? 6C CCATINLE
1SN €C24 €C IF(FIV) 1€C,320,100 . . .
ISN CC2¢% 1€C JIF(PIVv-DAASCALISLE)I) 180,180,120
ISN CC2¢ 12C MPoIPly~L
Isv cc27? BC 1aC Il - . *
I1SN ceze T | :
ISN €029 T=A LY}
IS cC3C NeLIAEY . o .
1sv €c2) AlJ)eALK)
ISN CC22 14C ALK) =Y
ISN CC22 Fel2=M/LA
ISN CC34 CC 16C [=LE Nl ALLS
1SN CC2t 1ei (1)
ISN cC2e Jal=p . . e
ISN CC3? YIEETYRL
1SN CC28 16 Atdyem ,
T84 €C26 16C CC 2CC ToboLlA,la i
1SN Co4C 2CC A{1)mALTY/ALISLE) 5
ISN CC4l Je=TA §
TSN CC4é Ce 24C 1s1,L2 N . 1
1SN CC42 esJEIA .
1SN CO44 LJsLEY
IEN CC4t DC 22C Ksl,lLl ,
IEN CO4é KJangy o,
1SN CC47 KLaKELIA
1SN CC4E 2:C AIRYImAUKS)~ALLIIoAIKL)
1SN CC4S Z¢C CCAVINLE _
ISN COSC Ke=fA '
1SN CCS) CC 3CC T=loA
ISN CCt2 kekETA
ISN CC52 LEsKELL ,
FECE Bu2
{SN CC34 tsa LK)
ISN CCse Ld=t~TA
TSN CC%e Lt 22C yst L2
ISN CCS? JKaKEY -
1SN CCSE LJaLJLLA
ISN CC=S SEC TaSIAILSYCALIN) 0100
IEN CCeC 3¢C a{LK) =S
1SN ccel £r 31C 1=LeLlN,l2
ISN CCEd 0 Attt COC
15N CCe2 250 L)
ISN CCes €C e ac
TSN CCes 3¢C RCTLAN

ISN CCeé £
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LALEE T ¢

153

LEVEL 18 { SEPT &9 ) 057360 FORIRAN H CAYE

CCMPILER QPTIONS « NAME= MAIN,OPTw02,LINECNTs00. 5] 26 20000K,
SOURCESBLUNNLISTHDECK , LOAD ,MAP  LUSLI T 1C NOXREF
1SN 0002 SUBRILTINE ARBETG(A U gEMeGoToAL g A28y XyaVeSuRaNS NG K1 oK22TER ™D,y
AJRULT)

i

ARDITRARY PLACEMENT UF EIGENVALUES UE THE MATRIX (A = BeG)
GAL'E MATRIX G WILL ALWAYS RE RFAL-VALULL.
PALGRAN HANULES BCTH, DEISTINCY ANC/OR MULTIPLE CIGENVALUES.

JER @& 4 = SUCCESSFUL, OTHERWISE( (A)B) 15 UNCCNYRCLLABLE.

A = (NS * NS) GSYSTEM MATRIX

B = [&S ¢ NC) INPUT MATRIX

G » = CoTi=-1) = (NC SNS} GAIN MATRIX

EM - (%S & 2) MATRIX OF COMPLEX EIGCNVALUES, RE(EM) [N COL. 1+
IM{EME IN COL, 2 » IF EM AND A HAVE LOMMON ETGENVALUES,
EM{Tpl) sEM{ToLY =}
BOTH CDONJUGATE CONPLEX EJGENVALUES MUST BE PLACED IN SUGCESS~
IVE ROWS IN THME EM =~ MATRIXy ALWAYS LISP THE COMPLEX EIGENVA~
LLe wiTk POS, 1M, PART FIAST,
FULTIPLE EIGENVALUES MEED NDT BE INPUTED IN SUCCESSIVE ROWS
CF THE EM ~_MATRIX.

1
i
i

MATRICES A AND B ARE UNCHANGED RY THE SURRQUTINE.

i

COOOANOOGAOOANOOAAANOON

1SN 0003 CIMEASION M HDMD) o BIFD MDY JEN[MD2) +GIVDMO) yALINDFDY A2EMDeMNT ),
e e _ ITEME oML} o BLIMD MO o X{MDo L34 SVIMD) o SYRIMD) IMULT{¥D,2)
c
% 0004 COUBLE PRECISIDN AlsA2,B+EMyG, T ARl CARS,X .
€
ISN 0005 NCL=»NCL1
1SN 0006 EFENC] «GYe NSY GO TO 130
ISN 0008 _ L=l -
ISN 0009 CO 1zC JasNCiyNS
{SN 0010 L=LE}
i{SN 0011 DO 1LC [w1.N5
ISN 0012 1CO BLIyJd)=s3iTeL)
1SN 0013 IFIL=NC) 125,1104110
ISN 0014 110 L=0 "
ISN 0015 120 CONT INGE
IS~ 0018 130 (MeK -]
ISN 0017 €O 122 ¥aleNS N
ISN 0018 THULT (L, 1))
ISN 0019 132 [MULTL(,2)n0
15N 0020 140 IMmivg) L.
c
< CHECK FOR MULTIPLE EIGENVALUES.
. C IF {EMUT10,ENLT 20} AND fEMES.1)4ER1S,2)1) ARE ECUAL,
c IMULTIdel)=T o IMLLTIJs2)%1 o
c
1SN Q021 141 TFLLVM LEC. 1) GO 1O las
f5N 003 1MNw [M-])
{SN 0024 CO L1464 =], NN
1SN 0025 IFICPESIEMI I 1)=EFLTIM, 1Y) WY o MC=T LAND, (ANSHLEN(T.2)-EFLIM 210

l-LT- .lD"" GD TD l'e2

T1.096/22.27..




ISN
1SN
ISN
ISN

ISN

1SN
1SN
ISN
ISN
iSN
ISN
ISN
ISN
ISN
ISy
1SN
ISN
ISN
ISN
ISN

1SN
15N
ISN
ISN
ISN
ISN
ISN
- ISN
ISN
1SN
15N
1SN
iSN
ISN
1SN
ESN
ISN
ISN
1SN
ISN
ISN
1SN
iSN
1Sy
ISN
ISN
ISN
15N
1SN
ISN
iSN

0027
0028
0029
0030

0031

0032
0033
0034
00135
0036
0037
0038
0040
0041
0042
0043
0044
0045
004&
0047

0048
0049

0050

0051
0052
00s3
005«
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0065
0067
0048
0069
0070
oon1
o072
0073
00t4
0075
007s
oor?
ooTa
0079

NN M

(22K gl

142
144
L4t

150

1é0

170

172
174

18

190

260
210

220
220
232

234

236
234

154

GO TC 164
IMUL VI 1Me 1) n
IHULTE M, 2 )=
CONT INUE

[FICABSIEM(IMe2) )= D=8} 150,150,190
HEAL EIGENVALUESe DISTINCT AND/OR MULTIPLE.

{E=Q

CO 17C Ial,NS

CO 14C Jwi,NS

ALl fodim=Al L, )
ALTTolimAL(T, 1)EEMLTM, LY
IR RELIATILY)
TFCIMLLTIIMG2) +EQe O) GO YO 174

MULTaTMULT I Mo L}

CO 172 [alNS

BLIToltmtlidoL)=TIRULT )

CONT INUVE

CALL LINEQSTL1oNSeloAleBLleXKeALsBloSVSVRIERDIE=104#Dy1)
IFLEFR) 180,280,180

EM(IN.I"EMllHoll- +DC

GO TC 14l

COMPLEX PAIR OF EJGENVALUES, DISTINCT AMD/CR PULTIPLE.

1En]

LLICR{ 3!

CO 21C J=],NS

CO 2C0 I=).NS

A2l Lo d)m=Al )
A2{J¢d )2A20 5 JIGEML 1M, L)
IFCIMULTEIMG2) LEC. 1} GO TO 232

CO 23C Is]l4NS

B1{l+1)=C.D0

LO 2#C J=LoNS
BI{T1oli=BICTL11CA2(0J)%81d,0IM)
All14Jiw0.LC0

CO 220 n=lyNS

ARULod)mALL L D) EA( 1 K)®A2({K,J) .
BLUToL)TB LR LICENIIN,2VeB{T,1M])
ALLE ol )AL Ly LILEN(IM 2)8EM| 1M, 2)

GO TC 238

FULT=MULT(IM, ]}

MULT 1=MULTEL

£O 22¢& ImlNS

Bl01.1)=0.0C

CO 2364 J=]yNS

BLOT o R ImPYl g LIEAZUT ¢ JIN(BLIyIMI=TIMULT 4D}
Altlqdi=C.LC

CU 234 Ks]ly¢NS
ALCToJhmASiloJIEA2(T4K)I®A2{R,J)

BRE Lol =B It i JDEENLIM 200 LA L IMLI=T(RULTL 1))

ALCT o1 )mALL L LVECPIIM2ISEM{[N,2)

CONT INGE

CALL LINECSILaNSeloAlsBLloXoAYoBloSVeSVR(IER D e1.E=1D4MD,1)
IFLIER) 24C4 250,240

B T —— - - — =

PALE G0




Pa,F O

1SN 0080 240 EMLTV, L)EMTIM,13=1.0C
1SN 0081 EMLINE, L)SEN] IM, L)
15N 0082 GO TC 16}

4

c CONSTRUCTION OF TUTRANS) MATRIX

C
14N 0083 250 CO 270 lal.N$
ISN 0084 TOIML, §bouBtl IM)
ISN 0085 CO 2¢C Jmi NS ’
1SN 0088 260 TEINL LVTIRE, 1ICA2( Lo 008X (S0 1)
1SN G087 270 TUIPI, 1) oV CIME T H/7EML IMy 2)
[SN 0088 IFCIMULTF(IMe2) JEGe O) GO TO 280
1SN 0090 DD 272 I=),N$
1SN 0091 D272 TUIML L) eTUIML IIETENLLT oD DZEMLIMG2)
ISV 0092 280 00 2SC ) =1,NS
ISN 0093 290 THIM,fI=X{1y1)
ISN 0094 IM=1NELE .
(SN 009% IFEIF=K2} 16404300,3C0

(4

C CALCLLATION OF G = = CoT{~1)

c -
ISN 0096 367 CO 31C I=1.NC :
ISN 0097 _ _ LO 31C JalyNS S
ISN 0098 310 A2(J,[1e0.80
ISN 0099 Kwl
ISy 0100 CO 3iC wlyNS i
1SN 0101 A21 1 4K)s1.DC
15N 0102 Kk
1SN 0103 _ TEIK oiTe NC) Kzl L . . ,
ISN 010% 320 CONT INUE : ;
15N 0108 CA'L LINEQSIEoNS/NCoToA2¢AL4GyBLo3VISVRIIERID1.E-50,M0,NR} i
ISN 0107 IFL1ER) 350,330,350 , , '
ISN 0108 310 €0 340 Iw),NC ;
1SN 0109 CN 340 Jel NS i
1SN 0110 340 Gl Ly J)n=alidyl) . e, ‘ ]
ISN 011t 350 RETURM .
ISN 0112 END

[ R

i
4
H
3
;
i
i




LEVEL 1b ( SEPT 89 }

087360 FCORIPAN H

COPPILER OPTICAS = HAMD®  W“AINIPT=02,LINECNT2604%17E0COUK,

SOLREE o AL W NOLI ST oD LK LUATH HANNNZDT T, ICy INXRER

NatTE

156

T1.092702.08,1

rm——— e e

. ————— . — -

y—— - ———.-e

N —— y— 4

S e -l o

}

Ix

- ———

-

SV Oabz c SUH“CL'I N E Llh-hﬁllﬂv.i.PH.A..uﬂ.l.l- 9V, SV“.IE'.D.'OLp"DQ“D, )
.. C . ) ‘ o . .
4 LINTAR MATRIR LOUATIEN SOLYER. USLS GAUSSEAN ELIMINATION WITH
c FuLL PIVECTAL LOVDENSATION TU SOLVE  dAeX spy FOR X, WHGVE AA (S
¢ IN * AJ, BB AND X ATE (N & MB)
— .
c 10P = CPERATION CCOE
. _c ICP = 1 = STAADANC SULUFICN = INPUTS A4, BB, SDLUTIQN IN Xo__
(4 T®T27- MATAIX [NVERSION =~ INPUT AAy SOLUTICN X = AA(=}),
[ BB NNT LSED.
C = 3 = NEw WIGHT HAND SIDC_{CH) FOR EQUATICNS PREVIOUSLY
C SNLVED WITH SAME AATMATRIX, INPUT BB AND Ay SVe
c SVRe FRCM PREVICUS HETURN, SCLUTION IN X,
___C 5 4 = UPPEH TRIANGULAG MATRIX INVERSICN (A REDUCTION) .
[ TVPLT AA (MAIKIK TL BE INVERTED)., QUTPUT IS
E X = AAl=L), BR,SVeSYR NOT USED, AA UNCHANGEC.
() MO ANE TNETCEFINE SIZE CF ARRAYE TN PARAMETCR™LIST AS INOICATED BY
c CIVENSICN STATENENT,
— c STONRECc =~ AyB.SV,5VP ARE STORAGE ARRAYS _DF INCICATED CIMENSIONS.
[ AL CANE B ARE UNCHANGED 6Y SUBROUTINE.
c C = CETERVINANT OF AA,
. C 1eén = cRRul_CODE.
[ T = 0 = SLCCESFIL SeiuTrnn,
C 2= =~ N IS JLEe D .
. o c_ = K oGTs O = AA [S SINGULAR OF RANK (¥=l),
c TEA WATATX IS CONSIURAFL 6 3k SINLULAR IF & PIVOY LESS THAN
C ICLEABSTAAMAX)Y S FOUND DURIAM The fLIFINATION PROCESS.
c 2ASAXR 18 THE ELEVENT GF LARGEST MAGAITUDE [N THE AA MATRIX.
T WTSHCUL TACGTY EXCEFD 10C WITHOUT INCREASING THE 'SIZE OF YHE 'QUFY
[ & ﬁﬂiﬁ‘o
c IN THE CALL TO LINZIS, THE ONLY MATRICES IN THE SET (£A,BBeX,AeB) |
- o rrICu MUST a6 UIFFERENT ARE & ANU Y, THAT IS, AA AND A, BU ANC
c P MAY HE THE SAWE [} THERE IS NC CESIRF TC SAVE AA ANC 8B,
o ALSGs % CAN Bt THE SAME MATRIX AS EITHER A UR n. BUT [F X AND
- - [+ "B ARE COMMON, A SLBSEGULEMT CALL TC LINFQS WITH A NEW BA MATR
c t1eEas 1UP=3) CANNCT BE FADE.
N %_"_“_“_“ e e e mmmeir e e e e m e e e > e ————
ISN 0003 DIVMENSION AA(ND MDY oBR(ND g D) o XINL ¢ ND) y AI{¥DoMO) s B{MDyND ) o SVIMD),
1 . SVRIHDY L e
e
1SN 0004 COUHLE PRECISION AA NSy XsAguoPIVOT R, PF
IS% 0005 ~ COLBLE PRECISIGN BUF{100) __ e et o+ ame e e -
ISN agos ; CULALE PRECISION VARS
. c ) . e emm i me e e o e e e m e —— e
ew ogedY O T T tPS=C,
158 oCos Niev-]
_15N 0009 . IBeiCp-2 e e e e
184 o010 ¢ IFLIP) 70450440
I E,. INVERSEON = SET MR=N AND Bs] — e e .
1S4 0011 4C TE(IB=1) T0,70,50
154 2012 50 MRaN

-

—a o+

-y b ww o



157

124 0013 L0 &C [s],N
1S 0014 LU %€ Jel,N o
1% Unls 5% HiJe1)x0.D0 - Tt T I T T
IS+ 0016 &0 FlI,1)=),00
___Iswoo1? IFETB) 6CoR0,62 _ L e
. e e
E UPPER [RIANGULAR MATRIX INVZRSION (NO ELIMINATION),
Tsii 0018 YR ) w
lsv 0019 0O 84 I=],N
&N 0020 _ L 62 Jui,N
ISJ 0021 T63 AldeTeaRld T ) T
154 0022 64 CuCoAll, ()
_.ASN 0023 IFLAESID)-TOL)_ 66,66,200
isN 0074 €6 1EAx]
1SN Q025 RETLAN
.. k590026 70 DO 75 JEl.MB_ e o ~ )
Trsh oo27 CO ‘75 Jui, N - D
[54 0024 75 vl [IspR{I, )
_Isv o029 _IFCI®) ACsRQ,100,
TTISN 00307 . T80 00 SC wl.N
1SN 0031 CO 85 4=l4N
ISV 0032 85 AL II=AALY,EY o -
1S~ 0033 90 SVil)=]
ISN 0034 Osl.
1SN 0035 _1CO_IFIN1) 101,150,102
TIs¢ 0036 101 iEes-1
ISV G037 RETLRN
C._ P e
: :
g ELIMINATION LCOP {THRCUGH STATEMENT 126} .
[d SEARCF FCA LARGF ST FLEMENT TR LOWRRTNE ¢ NET ALECK OF & (= PTVCT)
c
. _ISN 0033 __ | 1C2 DD 1z& NE=1,NL. _ N T,
158 0039 IFULe) LC3,103,110
TSN 0040 1n3 BF=CARSLAINE JNED)
1SN 004l L PIVATSAUNEGNE) .
154 0047 NRaNE '
154 0043 NC=NE
__ 15N 0044 _ B0 106 IONEoN
154 0045 0O 1C6 PaNEWN
ISN 0046 [FIGABS(ALL4J))=RF) 106,106,104
iSN 0047 104 NR=| _ e . — —
15N 00448 NCwg T
1SN 0049 UF=RaP Al ALT,Jd))
. 15N 0050 PV A ) i
154 0051 TTUCET CONT INLE
1SN 0052 [EINE LFC. 1) EPS=TOL®DABS{PIVOT)
_ (SN 0054 _ _EEDeRLMT e e e
TISN 20%5% TEVR INE ) *AR
C
e _ . C.___ SINGLLARITY CHECK, _ ___ e e .
C
ISV 0056 IFIUARS{PLVOT) - EPS) 108,106,110
R 1Sy 0057 108 IER=NF L ] .
1SN Q058 nan,
1SN 0059 RETLAN

e g g A e e

PAGE Of
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PAGE 003

ISH 0060 110 NReSVR{NE)
1SN onaz___,_c EFONR=GF L 1QTW 0P 00Y . — e e
c RO INIEQCHANGE = A(NRyK) WITH A(NG.K) FOR & = NE TO N
___ — e .__v,g_“__‘__._ e e o = BINRR]) WITH BINE,K) FUR K « L YO MO ___ ...
1SN 0062 tLl JFCTE) 112,1024115
_ 154 0063 112 CU 114 K=NELY -
[E LT BF=A (R K)
1SN 0065 AUNT 4K 12A{REK)
_ 1SN 0066 _ 14 AINFyKDeRE_ . - o
is% 0067 115 CO L1e Ksl NG -
LSN 0068 BF=R (AR, K)
ISN 0069 BINP oK) aRINE K} .
T ESN ub7d "1TE's|up.xa-a;
[58 0071 117 IFLEB) 11714010 T1,1022
_IsN Qo712 61111 IFENC=nE) 12241224118 — .. -
c COLUMA INTERCHANGE =~ A(KNE) WITH A{K,NC) FOR K = 1 TO N
c NCTC = SVID) 15 THE OREGINAL UNKNOWN VARTABLE Mue §TeEse COLUMN e e
[ NLVLER) NDm CCCUPYING CGLLMN | IN THE REDUCED ARRAY.
Lt
1SN 0073 _ _118_8FasviaC) . .- e e em
T1SN 0074 SVINC)SVINED
ISV 007y SVINE) =AF
. IsN 0078 DO _12C Km)¢N -
1SN 0077 BF =B {K4NC |
ISy o078 A{KyACI=ALK 4NE)
1Sy 0079 120 A(K MFI=BF = _ . . e e+ e+ o e e
c
c REDLCYIUN LCUP = R = A{[,NF}/PIVOT = A(I,NE}/AINE,*"E)
c S AlLyd) m ALLyJ) = REA(NELJ) FOR [4) = NEGL TO N e e -
C BUTod) = BUled) = REPINE,J) FOR [=NEGL N JeloMB
C R Iy STORED IN A{I,NE) {LOWER PART UF A MATHIX) FOR SUBSEQUENT
. c CALLS WiTh & NFW RIGHT HAND SICE (BB _MATRIX) = IDP = 3, .
c
ISV 00RD 122 NEV=AEG)
_ . s 004l _bD 126 L=NELWN - e = -
15y o082™ TEFLIR) L23Y,1231,123
ISy 0083 123 R=A(1,0F)
. ISy onpa oU 1¢ 128 . . e
ISN 0uB5 1221 Rea{ 1, «F}/PEVCT
15Y 0088 A{1,ME ) =R
. 1sw ooA7_ 00 124 JahEL,N e, e e s
1SN ooad TL36 At Te o) =AUl ) ~ROAINE ST
1SN D083 125 DU 126 Jel MR
ISN 0090 126 BET4J)=80E, JY-R*BINELJI) — i e e e ot s ¢ e
c
c ENE CF ELIMINATION LCOP
c e eeer e e e - e m
. e e E e - . —_
c FINAL SINGULAR]ITY CHECK
< e v e e a1 emen o
LSN 00w 150 TF{CARLEALIN ) )I~EPSE 142,152,170
ISN 0nw2 152 {ER=A
159 0no) beC. . e e e e e o =
IS8 0096 RETLEN

15N 001%

170 FULE 5T 0) G2 TO 200



159

PAGE 006
ISN 0097 CoDRAIN,N]
c .
c BACK SLESTETUTION AND SHLUTION et T T
C KILoK) ® (BULoK) ~ SUM{JRIE] TC W) (AT JISU{KINIFALLT D
— G - FCR 1 = N TO 1y AND CACH COLUMN GF B (X=1 TO MB). — »
c .
1SN 0098 2C0 D0 21C K=l M8 .
154 0099 CKINGKI=B AN oK) 2R 1IN, N) e me e mm e m
1SN 0190 i=N '
154 0101 202 Isl=1
LISN 0102 C UIF(D)_2104210,204 e e e
IS97°0103 204 Mlefrl S
1SN 0104 BF20, _
___Isy 0105 CO_208 JuMi,N — ——— —
TISRT0106 206 eFeBFtatt, J)sxTd, k) o
1SN 0107 X{LeK)=(BIToK)=RFIZALT,1)
__IsN Q108 _GO TC 202 __ o ) — e .
TISNTOL09T T T Z10 CONYINGE N
ISy 0110 1ER=C
1SN 0111 IF(IR=¢) 211,220,211 — e e ot
£ .
C RDW EXCHANGE = PUT X vARIABLES INILU PROPER PLACE IN X MATRIX
c . XiMgd) = X{1,J) WHERE M=SV{I), FOR J=1 TO NB , e v e
C
1SN 0112 211 DD 214 J=1,MB
_Isn 0113 CO 712 I=) N e e e
TTTTISN o114 212 BUFETT=X(Tsd] N
ISY 0115 CD 214 ImioN
_I54_0t16 K=Svil) - — et a——— ‘ v
T TiswUorlt 214 A(K . JIABUFTL) . :
c . ‘
—— Sy 0118 220 RETLRN - Ceem e e
1% 0119 END . o
!
e e ———e - e e e - . e mn s e + ¢ et i

- a




LEVEL 10 | SEPT 49 )

CONPILER OPTIONS -~ NAME«

. 0S/360 FORTRAN H
WA [NJUPT=02,L INECNT®60,SL2E=0000K .

SOUALE»9CO,NULEST JOECK ¢ LOAD4MAP ¢ NOEDI T o [ D eNOXREF

. — i

1SN 0002 c SUBRCUTINE ATEIGIM A, RR RIGLANAL1A,VL,MD2)
. _E_"___;ogvutgs ROOTS OF UPPER MESSENBERG PATRIX A .
ISN 0003 CIMENSION AIMLG2) RR{MDI4RE(MDY,PRRI2) (PRI(2} ,1ANSL{MD)
_ISN D006 =~ COUBLE PRECISION E7,C&yELQ,LUELTA,FRRGPRIPANGPAYI sR ST oA sUsV RN,
1 RIGRMOD 4EPSsD+GL oGZ 4G LAP o PSIE yPST29ALPHALETA
1SN 0003 DOUBLE PRECISION DABS,DSQRT,DFAXL
15N 0006 _ INTECER FoP1,0
I1sn 0007 ETsl.CC~0 T
ISN 0008 Edsl . 0C-¢
. ESN 0009 ELO=1.CD-10
-"TISH 001b T TOELY 4,500
1SN go11 MAR[T=3D
_isnooa2 0 New
ISN 0013 T20 NlsN~i
ISk 0014 INaN]1®JA
_ISN 0015 __ _NNsINEN i _ -
1SN 0016 1FINL) 3041300030 - i
. 1SN 0017 30 NP=NEL
JIsNoOIA_  qTed I
1SN 0019 00 &C (=1,2
ISN 0020 PRR{ ] )=0,000
_ ISMo021 40 _ PRIII)eD.ODQ _
1SN 0022 PAN=L.CDO )
ISN 0023 PAN1=0.0DO
__ISN 0024 ... ReClCCO
ISN 0025 Sa0.L(C0
ISN 0026 NZwN =1
_ISN 0027 i INL IN=14 R _ . )
ISN 0028 NNL=INIEN ' R ) R
ISN 0029 NiIN=INEN]
1SN 0030 . KINT=TH1ENL .
1SN 0031 60 TuA(NINL)-AINN)
15N 0032 UsTel
_ISN 0033 ysk CCORAINLINISAINNT} e e
ISN 0034 IFCCABS{VI-U*ET) 1C0,1C04&5
iSN 0035 &5 TeUEY
TSN 0038 IFCCARSIT)I=CMAXL{ULDABSIVIISES) 67,67,68
ISN 0037 67 T=0,CCO
ISN 0038 68  Us{AININLICAINND)/2,0D0
1SN 0039 VaDSCRTILABSIT) /2,000 _ . . .
ISN QD40 IFIT 11400 70,70
ISN 0041 70 IF{U) w0, 75,75
1SN 0042 75 RR{A1I=UEY e e e e e
ISN 0043 ARCN Ieu=V
15N 0044 GG TC 130
ISN 0045 80 RRIKL)=y=y e -
ISN 0048 RRLA Lty
1SN 0047 GO tC 130
1S5 0048 1C0 TF(TINZ0.110.110 o R .
ISN 0049 110 RRINTI=AININD)
ISN 0050 RREA J=ATNN)
1SN 005) G0 TC 130 .
1SN 0052 120 RAINII=ACNN)

160

UMTE 71.096/22,24.
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ISN
1SN
1SN

31

ISN
ISN
ISN
ISN
ISN
$1"
1SN
N
ISN
£
1SN
ISN
L
ISN
ISN
ISN

ISN
1SN
1SN
1SN
1SN
1SN
1SN
1SN
1SN
ISN
1SN
ISN
1SN
ISN
ISN
ISN
SN
_ISN
ISN
ISN
ISN
1SN
1SN
ISN
1SN
ISN
15%
1SN
ISN

" ISN
158
1SN
ISN
1SN

0033
0054
0055
00%8
00s?

0058

0059
0060

0061 -

0062
0063
0064
0065
0066
0067
0068
0089
0070
0071
0072
0073
0074

0075
0076
aor?
0078
0079
0080
0081
oo0s2
0083
0084
0085

0086

0087
aose
ooes
0090
0091
0092

130

140

160
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G » Temp

C2 # Viltce

CONY IMNGE

DO 865 LL F 1o N

VITLLS ¥ VIELLC/C?

COFRamuMAX ] PUCE IR NABSIVIBLLC=NTLL 4 1€<<
RILL A&V SLLK

- - 4 = gEe e = =

v e o am b om

. me

€3v11%40
ESvi1Ss0
ESYL1%580
ESYLISTO
EsSvilseo
ESY1l%90
ESvilso0
ESvilelo
£5v11620
ESviiedp
ESvilesO
ESYI16%0

ESv1iaTO
ESYllen0

EsYiLvo0
Eésvitrio
£5v1i720
ESYilT30
ESYL1Y40
ESvil1TS0

ESY11770
ESY T»

ESYL18CO
ESviielo
Esviisao
ESY11830
ESYLI1840

ESYI10%50

ESvileTo

~SYL1890
ESY11900
ESYL1910
ESvilozc
E5Y11930
ES*11940

ESY11960
ESYLLIOTO

Csvit990

ESYl2010
Esvizcao
ESvl20C30
ESYI2040
ESY120%0
£5v12080
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159
[§{]
189
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15y
15y
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18v
1SN
188V
P SN
1SN
1Sy

L3\
18y
18N
153
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18y
18N
I SN
£
SN
1SN
1SN
Sy
3 )
. SN
ISN
158
1S4
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8 3]
1Sy
1SN
ISy
1S$v
1SN
15y
159
ISy
15N
188
(23]
ISy
15y
iS5y
154
15y
159
159
1SN
13y
15y

8420}
024
020y
02n6
02017
o2:¥
0259
0210
0211
0212
0213
0214
o213
216

o217

0218
nz213
0220
0221
0222
0223
0224
022%
0226
0227
0228
0229
0230
G241l
0232
0233
0234
0235
0236
0237
0238
0239
0240
N241
0242
0243
0244
024>
0248
0247
0248
0249
0250
Q251
0252
0243
02%
02%%
0256
02s7

OO

6465
LL1
6679
(341
(13
612
70
6t}
674

675

459
5Co0

$Cl
5l
502

5C3
504

1]
9Cé

507
508

5CY
k114

514

51%
E1Y

s7
Sk

Sy
52¢

921
$2¢

525

VRPLLCANELL, LS

G(* IC G

ILZIVEIC 669, BT, &69

0 G670 L 8L, N
yi*L<au,0C0

IFRIVCLS 678y 7Dy 071
TOer2 L # 1, N

VI XL <G, 000 ' S
RE TURA

IFEIVEe” LT4, 502, 674

00 675 i # 1e N ST

12 ¢ 1/lUa%]42¢€
XI®12¢ » XRUIC .
G0 1C 200 -

BACK SUBSIITUTION SECTION.

1FE1AC2¢ 5Cu,y 502, 500
DD %01 1 # 2, N

i1 vyl =1 ' -

DO 501 4 8 1, 1}

XJ%i€ o XIRIC = BX]JCONTTIC

1 i o s

IFRINVCIC 502, 14, 302
DO S51C 1 # 1, N .
It vl -~1

IFT[1< 503, 505, 503
oD 504 4 4 1, I

VITIC » VITIC = BRI, ICOVITIC

IFRI(CC BCY, SCo6¢ 505
IFYe Rl F¢C 508, 507, 508
VITIC o VIELC/BRE,IL

GO 1C 21¢

IFeVIPICC 508 509, 500
VIZIC o VITIC#L,DEELS
GO0 TC »t0

VIRIC » 1.0

CONTIALE

IF%IvCed S5lé,y 525, S14&
DO S22 | # ke N

IE T Y B |

IF%E - )< S51%, 517, 515
12 # I &)

CO »16 2 8 12, N

EIRIRC o KITIRC = BYIR)JCOR]TIC

IFYICCC 517, 518y 517

IFYRYILA, INCC 3UP, 5194 310

XIYIRS # FISIRC/BEIN, IRC
50 1C 222

[FYATTinee 920, 521, 5920
RIPIRS & RIYINe®].0ELYS
GO 1€ 422

X1®1aCnl D0

CONTINE

IFxIvCic %2%, 529, %929
rOS26 1 0 24 &

14 2 AP} = |

12 8ls gl

00 576 J # 12 N

L LT
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L.

. eem

ESYI 2080
€svi2100
ESvi2Ii0

ESvi2130
ESvi2140

ESY12140
ESviz2irro
ESvi2ieo
ESYI2190
ESY12200
ESviI2210
ESv12220
ESvi2230
ESYI2240
€5v12250
ESvi1224C
ESvi2270
ESvi22e0
ESY122%0
ESVI2300
€3Y12310
EsYl232C
ESvi210
ESY12340
ESYL 2350
ESY1236C
ESviao
ESYi2380
ESY12390
ESYI-*00
ESYL i+ i0
€SY12620
ESV12430
ESY12440
ESY12450
€5Y12460
€SY1I24T70
ESV12480
ESY12490
E“Yl2500
Esv123510
ESvias20
€svi2%30
ESYL2%540
E3v129%0
ESVY)2%40
Esviasro
Esvieseo

E5vi24C0
ESYi2610
€S¥124620
ESVi2eld0
ESvi2es40
E5v124%0
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sy

FES]
3]
[§3)
15y
18y

EsN

ISy
[$3]
15N
15y
jSy
ISy
18y
1Sy
18y

© 1SN

1§31
ISy
15%
[§3]
159
ISy
[§1]
(13 ]
ISy
1§13
159
1Sy
ISy
ISy
159
ISy
159
15%
[£3)]
[$3 ]
ISy
5N
[£1]
1Sy
IsN
ISy
ISy
ISy
ISy
158
isN
15%
ISy
33
ISy
ISy

0250
02%9
0240
0%l
0262
0263
0264

0263
0266
0247
0268
0269
0270

g2t

0272
0273
0274
0276
0277
0278
0279
0261

0283

0284
02a%
o2re
0288
a2a9
0290
azal
0292
0293
0294
0295
02496
0297
0298
029%
0300
0301
0302
0303
a3
030%
0306
0307
030
o3lo
0312
0313
031s
oMs
0ite
onvy
0Ne

oano

526
527

528
529

100

0

702

723

103

T04
705
e

701
708

ne

713
109

1050

1081
T

- @ wry s wemem e a e sm e mE Ml s 4ee

VICIRC 8 VISIRC = B%d  IRCOVIRIC
UG %274 M Ly N
12 & Ia0mBL,1¢

VARI2C & vitL<
Lo 522 ¢ & 1y N
VI®LC & WHELS

IFPRECHIIC 615, 835, 613 '

FACIOR FATRIX.

v wr e me s um ke . .

'cc 0 L e e emesem e e e e RGO e S v R —— - —

Swidl.uuy2

M 70 LL # L,y N
IRCWTLLIC ¥ LL

DO 708 X ¥ |, N1
AMAKADAASEREK KCC
IMaX 8 K

K} s L1l

00 7C2 I M XLy N -
IFTAVAX,GT ,DABS™HEL yK€<C GO TO 702
AMAX #NABSEDE] JK<<C

MAXY & |
CONT IAUE
IFvaban LT, SWIC SW]1 & AMAX
IFSAMARLGEL1.0U=2%¢ GC TO 723 .
REK ¢ X<wO OLD

1CC 4 ICC £ }

60 IC 108

TF2Ivag JEQG. K< GC TO TO4
it 704 3 8 1 N

AMAX ¥ BYIK,J< R

HE% 4 J< # ATIMAX, I
RZINAX,JC # ARAY

12 8 InOW"K,1¢ L e
IRCwiK, 1< » JRONSIVAX, 1< .
IOl rAX,]1L & (2

o 107 | M K], N

[FEAVY] ,KEC T0%, TDT7, TOS

LELsKC 8 BR]JKC/BEK oKS

NN 706 J ¥ Kle N .
821 4JC # BE]oJ¢ ~ RUK,JCEBE] KL
CONT INGE

CONT INUE

AMAKANANS B SN o NCK
IFRavhs=]1,00=25C 712,712,713
BYN A0 ,OLO

SwivC.uDO

IZC m JCC E 1

GU YO JON

IFSAMAR |7, SWIC SW1 # AMAX
IFTICC LFs ISW< GO TC 710
1FPMMC L O%N0,1050,10%1
wWhlFLTi0%102¢ ICC

COUNIE 8 0

RETLAM

WRTTECILY, 10%2¢ ICC

0O 11 Lt 8 ke N

12 8 1406 BLL 1<

. e e, e E—— A ot W cws e e

P Eeemew 4 G mem b e et e e e w s e

w s s —— - - iem
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© mre em—— e 1= e “ e e mmeE -

ESY12440
ESYl2e70
ESvl2e80
ESYL2e90
Esvi2700
gsviario
ESvY12720
gsviardo
ESvi2r40
gsviarse
ESvi27e0

tSv12780
ESvi2790
€Sv12800

ESvi2020
ESY12830

€sviaeso

Esvizevo
ESvlzeeo
ESYI2890

ESY12920
ESYI2930
ESYL12940
ESvl2¢s50
ESYI2960
ESY12970
Esvi2980
ESY129%90
ESvi3Co0

. £8Y13010

ESviacao
ESv1303C
ESYL3040
ESY13C50
ESY13C460
ESY13070
ESYiaceo

ESYI3120
ESviiilo
E5v13140
ESYL3150

€sviiieo
ESvi3ivo

€svii2io
ESY13220
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ISy

1SN
ISy

1SN

0319
0320
0321

0322

0323

0324

TEY 1201 £,2¢ (L .. C ecmreme .. . £Sv1232%0
IEYRCCITC 8607, 692, 607 , : ESYI3240
1052 FORMAT I/ 77234 vavese WARNING seeves +@  SUPRCUTINE EIGVEC HAS ESY1)250
LFDUAD A EIGEMVALUE OF &PPARENT MULTIPLICITYa, ESYL3260
1 T4e/72383a COMPUTATION OF EIESY13270
25ENRVECIORYSC CONTINUFS AT USER S CPTIGNE/ /< *ESYL32080
1CL FORMAV:ILHOFORE THAN 15 LCOPS FOR EIGENVECTOR OF2E12.4, ESY13290
2 " 1ah UIFFERENCE OFE12.4¢ ] ESY13300
1€2 FORPATILOHOSSeJARNINGOSOS , J4, TIH ZERDS ON CIAGONAL OF FACTOREDESY13310
1 MATARIX, CHECK FCR MULTIPLE ELGEAVALUES./20X, ESY13320
29 SLBRLUTINE EIGVEC WILL NOY PERFCRM COMPUTATION FOR THIS ESGENVECESYL 3330
3TOR a//¢ ESY13340
END
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LEVEL

isv

18Ny
15n

158
IS\
1SN
158
ISN
ISN
1S9
(33
1SN
ISy
ISy
15%
159
158
ISV
ISy
15y
15N
ISN
ISy
IS

I SN
158
ISN
158
(33
[33]
iy

159
15N
ISy
158
I5%
15y
1SN
5y
159
15N
15y

18 ¢ SEPY 69 )

" *DS/360 FORTAAN M

.

. COMPILLER CPIIONS = AAPCa  BAIN,OPTeD241 INFCNT®60,5I2E0000K,

0002

o003
0004

0005

oons

o007
0008
0009
oolo
ool

antz2 -

0013
Q014

aolsy -~

0017
Qo1a
0019
o002l
0022
0023
0025
0026
oocar
0029

0030
0031
0032
0033
0nas
0035
0o3s

0038
0019
Q040
0041}
0042
0Ne3
0G4
0046
0047
0048
ans»o

aoanan

onn

10

110

120

2%

(222 X3

EaX X3

130
14C

SCURCE» RCO e NOLTSToDECK ¢ LOIAD MAP G NOEDI T, I Dy NOKREF
SUBQCUTIAE SINGLEZSBeNIRI ¢G5 THUL T ¢NCCNNSoNCoMDL

Pﬂnﬁ:lPYECNVERls MULT I=INPUT SYSTEF INVO PSEUQU SINGLE-INPULY
YSTEW

REALA SBEMD, PNC,CEVDCRITMDC, GCIMNC, P14 P IV, DABS ,GSE
DIMEASION TMULTEMD2C .

PROGRAM CHECKS CONTROLLABILITY OF BA,8¢”""" 7 -~ —™ =77 == ==~
_NPRO ey
GSE 'o'un' | R RS ERERL e SR ARLEDe e AT LRt Gl RS = W fE S M P - - . -

DU 1C0 J#l,AC .

NO 1C0 I 41 ,NS

GSENGSESCARSESBR[ JICC. =~ ~ = 7 mTommmeromme e e T
GSTVESE/TNSONCE

DU 14C 1Nl NS

e e i e e e e
THULTY [, 2¢H0

DO 11C JMi A

TFSROASS ¥SBSI o JEK~GSE®)L . D=9¢ GT, 0.D0C NCONMNCOMEYL ™™ — "~ =% ~—==
TFLDABMERIRICL~] =R 13041304120

NPRREEL )
IFIACCh «EC. OC IMULTRE,2¢H)
EFINF=AC 140,140,125

1141-1
lF::lvuthloz<a!PUL!2!l-2<< «ECa 2¢ GC 1D 330
NP

60 1C 140 )

IFINCCN oFQs OC GG TG 330
CONTINLE

- PR LT

T L L L T Srar e S ' - as

" COVPLTATION OF SINGLE~INPUT VECTER 'O ¥ SBeG . ' 7

110
180

_IFYNC .EC. 1€ GO TG 325

185
1588

190

PO 170 I#L.NS
DRI<ALLDO

ro 170 JNLWAC
DRICAD LI CES9T] 4 UK
DO 180 [al.NC
GGoreal. Lo *

. an - e . T - - .

TESTY WHETHER D RENDERS tL,D< CONTROLLABLE

N e e e emim R .- ..
NP #O

[ aN1=)
IwlEl
NCON KD
Nisl
IFZNARSIC%ICC . ifs GSEel,.D=8< NCOKNI
{1F2NARS IR BT ,N=8¢C 219,210,190
NPUNFLL i )
IFPACEN oFR. O TNULTYI, 201 .
IFENFeLl 220,220,200

R e . ET T

— e maa . o pem wmmE ke 4 er mms s w e - - -

171

OATE T1.106719.50.



I L L N

15
15N
15y
ISy
isv
15
1S9

15N
I5v
ISy
ISy
ISy
15N
T8y

f5N
I15%
15y
ISy
158y
ISN
15y
ISy
158
iS5y
TSN
15y
]
159
1SN
ISN
I3y
15y
15N
ISN
15y
ISN
159
15y
3]
SN

00%1
0os2
0054
Qo055
0%
o0se
00%9

0060
0061
nnaz
0063
0064

00o0S

0046

0067
ocos
0069
0070
0071
onr2
0073
on7s
0077
0079
00RO
004l
aoaz2

oon3 -

Q0H4
008s
00f6
onar
0ans
0049
0090
0091
00v2
0033
ongy
0095

(2 X9 K]

[z Ralal

2Cu

210
220
22%

230

240
250

760

210
280

290

3co
310

320
32%

330
340

172

Iisl-1

ltl;l?ullll-ZCLIHULTlllli(C +EQ. 2 G0 70 240
NP#

GO 1C 220 '
IFINCCH .EC. 2< GO TO 23D
IFZ1I=NY< 148,225,225

60 TC 1295

FIND NuN~ZERD ELEMENT IN ROW N1 OF MATRIX S8 .
PIVESALNL,1C oo T P T o T A
MSBNL

DD 25C [ w2.NC
IFINDARSEPIVL=DARSTLREIN] , I<CC 240,250,250
PLVH SHINT, 1<
FSRW I

CONT INUE

P -— g . - -

FING ELEVENT OF LARGESTY MAGNMITUDRE, PIVy IN CUL.=NG. MSH OF MATRIX
S8. FIND NON=ZERU ELEMFNT OF SMALLEST MAGNIFUDE, Pl, IN VEC. D

DD 270 I81,NS
NZ#T
IFECAASRCTICC=GSFe] ,C=-B< 280,2704280

CONTINUE

PINDINZS

DO 290 [#]14NS

IFRDABSTPIVC LLT. BABS!SB!!.MSH((( PlVlSB!l.USO(
IFENBBNECRICC +LT. GSE*1.0-8¢ 5D TO 290
IFEDARSEF1C LT, LABSEDEICCC PLNDYIL

CONT INLE ,
PIsCABRSEPLIV/PICEL D=8
NZHPLE]L

PlUN2 S
00 30 Iwl,NS ’
DEICAnLImi?] CLSE T ,MSBL

DO 31C JalenC

CORRICyPLIenGRIZC

GGV KNGO EMSBLCEL DD

IF2hi=nS< 320,325,325 e

NIWNNILE)L .

G0 1C 185
ANCONR]L

GO TC 340
NCDN RO

RF TULRN
ENG
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coem omoams I e - - ' - . . - -

PAGE 002

B P

b e i

st



LEvVEL

154

154
I15%
15y
ISy
15y
159
18y
15%
15y
154
15y
154
- I8N

15N
15N
15V
ISy
15y

15N
ISN
[§3]
159
18N
ISy
15
ISy
ESN
188
1SN

ISy

18 { SEPT 69 )

037380 FORTRAN H

COMPELER DPY[U\S = hAPEn MATH,OPT02,L INFCNT=AQ,ST/FeCCCUK,

0002

0003
Qg4
€o0s
0006
L307
0008
0009
0c10
pott
oolz2
0013
cnla
ool5

00ls
cota
onty
0020
0021

0023
0024
onzs
Q02e
0927
gnar
onzy
00130
c031
0032
0033
0034
0035

0036
007

4 D0)8

003y
0040
0041
0042
0043
0044

(3 XaXaNaly

(2 R alel

oD

10
20

100

110

1l

120
122

1246

123
125

130

140

SLHRCEIBEL o NCL ISTDECK o LOAD ¢ #AP W NDENT T o 1B SNOXREF
§Ugﬂfullh5 SIMTP2TAL AL AALsS)SINV e INOThoeRR4RTIo XA ¥ T4 VA VI NS, MD,
4 v ( . . .

CUMPLYGS SIMILARITY TRANSFOAMATION MATRIXN SINV  FOR MATRIXN A
bl:" SIVPLE EIGENVALUES. YTELCS REAL-VALUED TRANSFORNATION
FAIR N,

REALSE AZMD o MOC AMEVD MDC o AALTMD , FOC 4 SINVIND ,MDC JRREMDC R J ENDC
REALWR YHEMEC X TEW0C VREMDC VI EMDS o DARS ,NSQRT
REALSA WEMD 44 €4S TN ME< Sk

DIMEASION [RUWTMD,2¢ i
FURVMAT{//TY ¢EIGENVECTOR ERADR MESSAGE')

FORMAT(T Yy *SWln? o El0ab o lOXKy " ITERW® ;IS 10X 'DIFn! yELOL4)
K=l

CONT INLE

DO 11C U=l NS

DD 110 I=1,NS
AAL(1,J1eAAL] o g)
Knie} ’ .

CALL EISVECTIVC s 29AALl oWu JROH9 AR X Ty VR VIoRARTKCoR IZKCoNSeMDeDpSWly
EITERDIF 42¢€

IF{ITER JLT. 15) GU 7O 111
WAITETS, 10K ]
WRITERS,20< SWEi,ITEQL]IF
CONTINLE

IFSCABSERITKCC «GTe 1.0~=8< GO TO 130 .

ome e e e EIRRT O
- © ke w4 wem R e I R R R T -

P — —_— o - 4 emem— o wrerw er oy

COL. &AD/OR ROW EIGENVECTCRS CORRESPONDING TO A REAL EJGENVALUE
Wile1}=0.D0 ) - - .
DO 12C T #l4NS

Wiloldnwi(l 1)enaBSIVRIT))
SINVIK 1 <#vag]<

IFR1vE~2< 126,126,122
wil,3)=0,Cn

NG 126 1al,4NS
SINVIK, P IsSINVIFTI/Wll,1)
wlled)lmndl o 3)eS51NVIKT)IOXREL)
STl oK<aX4EIC

DO 123 Q=] NS

STUToX)uSHTI oK)/l 43}

FFEX=n5¢ 100,150.,1%0

CCvPLEX COL. ANP/CR RCW EIGENVECTCRS ARE CONVERTEC TO A SET OF ¥wC
RE AL =VALUFD TRANSFOIMATION VECTORS

Klextl

wil,1)=0,D0

nlle?)20.00

S0 14C I#1.A0S
wilollomtl ol denROSEYVRITY)
wile2danile?)eNABSIVIII))
SINVIR [ <#Z ,DOVOVIRIL
SINVEIKL, I<o-. 008V 2]<
IFRIVE=2¢ Lioeld6,.1 02
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1SN
ISy
154
ISy
1SN
1S9y
isSN
1Sy
ISy
ISy
ISN
ISy
1SN
15N
15y
15N

LEVEL

IS4

Isy
184
18y
15y
E ]
SN

SN

» -

SN

1SN
1SN
£33
1Sy
15y
1SN
IS5y
159

0043
0047
0048
0049
0050
0051
0052
0053
0054
005%
0056
00517
0nss
0059
0060
0061

132

144

18  SEPY 69 )

IFIntlel) oLVe WEL42)) WldyLdaWil, 2}

h(lol'IO-na

Wil,)=0,00

00 13 [el.NS

SIRVIK T CHSINYTI, T/ %2, N00MS ], 1¢<

SINVYKL, ISHSINVIKL, [</B2.D0%WE], E<C

Wil odhail o3 ) e, SD00SIAVIRGIISNRILD#.SCORSINVIKL, 1)eXI{])
Wil oo ) mu (1l o&) ¢, N00SIAVINR, [DOXT (] )=, 5C08SINVIKL, | JOXRET)
WEL o D IoWit g3} OnTl o 30Nl okIOWlL 4)

DO 135 [=l.NS
SITyR)slRRETIOWII 31 eXTUTIOMIL et )/WENol)
z::;tll-l(lill‘utl.!i-l!lll'wtl-ﬁlllulloll
IFT=ASC 100,3150,1%0 o -

KETURN

END

- S
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et e . cwm o m A Em . mum b WM e e E e % WA o ew e W o on BT . s - . - -

0573560 FORTRAN H

_COMPILER OPTIONS = NAMEs PAIN,OPT=02,L INECNT=60,512EsCO00K,

0002

0003
0004
0005
anne
0007
ele1e] |
c009

om0

" DO 1C JHIGNS

10

1A & SEPY 69 )

SCUACEsRCOsNOLISToCECK s LIIANMAP 4 NDEDI T, I D4NONREF
SUBRCUTIKE PVFCTRA AV NS MDyMD2¢ )

CONVERTS WATRIX A INTC VECTOR AV T
REAL*8 ATNG,MDC, AVEFD2C

DO 1C 1N1,NS

KerJ-1<eNSE]

AVIKCOATIosC e .

RE TURA
END

£5/360 TORTRAN M

CUOMPILFH MPTIOAS = NAMEm  PALM,DPTs02,LINFCNTRbL0,5]Ce0000K,

0002

onos
00t
000%
0006
0Q0?
00
con9
oglu

~S N

10

SUURCE + PLI g NULEST o HECK 4 LOPC o MAP 4 NOFD I T4 LD NOXPEF
SURRCUITAE PHIILTTABCoMSoNCoNByMEL

CukbUTES PATRIX PRONUCY C & AsB

KEAL #R ASNDoMDC [.XMCoMDC o CEMEL,MOC
1 10 INL,NS

BU 1C JNL1.NR

CE) ¢ JCa0 0

DY 16 Kml NC ’

C2l o d<at ™l 4 JCEAR) JREPETK  JC
AL TLRA

NI

DATE

B T ke = wmes

DATE
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LEVEL 18 ( SEPT ¢§ ) C57360 FCRTRAN #

1SN coce?

TN

1SN
SN
1SN

1SN
1SN
TSN

cec?

CCC4
cece
CLLe
€ce?
CCCE

(144
ceic
ccit

cC1z
€12
CCl14
{c1t
cCle
cCc1?
CClE
ccls
ccec
{cay
CCzz

cca2
CC24
ccas

COMPILER CPIICAE = NAMEs P2IA,CFTw02,LINECATaSN,SIZECCCCK,

(2 RN ]

OO NDAOOOOOONDOn0

SCURCE JCT yNCLIST 4 NECECK L AC VAP NCECTITy IL«NOXREF
SLBRCLYINE SSRICC (AR )CoRoPL o FaFleXo¥oAUXL)RUNZ)AUNT, FANA, IRCOK,
RogTCLoMARET gAS oML oWC o FC2 BV o #C o XR M [,SVSVReRR R, X1,¥1)

SCLVES STEADY-STATE MATRIX MNICCAT] ECUATICN
A{T)ioP L Fohd = FepoR{~1}eP(T)eaP E C = 0
BHERE A 1S A (NSNS MATRIX,

B IS 8 (NSeAC) wavRIX,

C IS & (NSoAS) FuSele PATRIX,
R IS & (ACONC) FoCe MATRIX ANC
F IS 8 (ASoNS: Fula MATRIX,

RICCATI ECLATICA [S SCLVEC VIA KLEJAMAN'S SUCCESSIVE APPRONINATION
MEYHCD, KLEIMMANS [TERATIVE ECUATICN IS SCLVEC VIA EICEN-
SYSIEM AFFRCACH, ] .

AsBsCoR WILL ACT BE CHANCEC £Y SUERCUTINE. RIsA{~1) wILL KE
CCPPLIEC IN SLEACUTINE. -

IT IS ASSLPED, YHAT (4 = PoR[=1)0F({T)ueP) +AS B CCMPLETE $ET OF
EIGEAVECTCRS (IuEe IS SIMILAR TC A CIAGONAL MATRIX),

FATREX ALX3  wILL CCATZIMN THE FINAL SCLUTICNs THE RICCATI MATRIN,

REAL®R AIND WD) JBINC ML) JCUNCoMC Yo RIME ML) RAINC, ML )¢ PLNDME Dy
1 PLIMD o WD) o X(NC oMLYy Y(NCoNC Yo FRIMC ), RIINML D SVIML ), SYRINE D,
2 AVIND2) gALXL (NCoFE) o BUX2INCH ML Yo BUXZIME ML) ACIMP,MT ),
k| SUFD o4 ) o XRIMCY ¢RIUINT) L
REAL®S XL (FD41) oY1 UNMC,1}
REALS®E TCL+SkloCELDABRS
DIVMENSICN TAMACNC) JIRCHINT,2) . L .
5 FCRMATISDZ20,8)
1< FC"P“;'lIU' [ER=~]1 , CHECK CRIER CF MATRICES IN CALL STATEMNY fFOR
I LIMECS. '}
12 FCRMATL//4* TERm?,J3,% , WATRIX STINGULAR (CF RANK [ER). NOT POSS!
2BLEse CHECK TAPLY MATRICES,?)
€C FCRMATI//4" TCL oLEe *,EL1S5a7s" WAS KCT BCHIEVEE IN MaAXIT=*, 12,
37 TIFRAVICASa "}
% FCRFAT(//74" GAIN TCLERAMNCE oLE, *oE1S5.To'WAS ACHEIVED AFVER *,12,
' TYERATICAS.?)
ZC FCRMATI//74" R{INv) CAMMCT PE CCHFUTELC, CHECK R %}
4 FCRMATI// 429 CHECKE "44]06)
CALL llhECS‘ZUHCO“C|“q“|ﬂl|pl|V.SVUSV'!lenvc'IIE‘ICO"CO"D'
IFLIER) S5C04+90.,5C0
€C TIERAL
1¢C TTER=LIYERL]
BC 11C Jwi4AS
OC 11C lal4AS§
ALXL LT yu) el tl )
CC 11C ksl AL
R1C ALXLAT i sALXL (T 4d)=BUl K} aF (Ko d)

CEVERMINE EIGENVALLES ANC <~VECTCRS CF (B-PsC}
CALL MVECTIALNL oAV ASPEWMEZ)

CALL HSBGIASAVyNS,¥C2)
CALL ATETGINSJAV RR REJIANB NS ¥CyL2)

paIr
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TSN
1SN
ISN
158
ISN
ISk
LEL]
TSN
15N
15N
1N
1SN
15N
1SN
ISN

ITSN
ISN
ISN
1SN
ISN
1SN
ISN
ISN
TSN
ISN
ISN
TSN
TSN
1SN
15N
LN
1SN
ISN
15N
ISN

I¢N
1SN
1SN

1SN
ISy
IN
1&n
15N
15N
15N
tsN
ISN
PEN
1SN

[a Xz N3

aonn

[aN2l3l

1z¢
12¢

14¢
1414

1¢C

15C

20¢

21¢

24C
2%¢C

2¢&¢

CALEL FPMLLY{ALXL yALNL 4 PLgASAS NS, ML)
CALL SEPTR2UALXL oPLoAUX2 o Xy¥ oWo TRCW ARG R XA, X1y SV SVR,NSoMD,2)
CC 13C Js=l,yAS

CC 12C Isl NS

AD LT o J¥ DO

AD o d) mRR{J)

i=c

Ist el

IF(DABSIRICI) ) ~loL=8) 1£D,4160,18
IPel gl

ARl IPYm=RI{])

ADLIP I =RI L)

I[=1P

IF(I~AS) 14G,170,170

CCATIALE

RIGHT HANG SIDE CF TRANSFCRMEC ITERATIVE ECUAT ION

CC 18C J=l,AS

CC 18C Is=l,hC

PLIL,d)=CaO

£C 18C Ke=l,AC .
F1{lod) osPLUL yJVERCT oK} 0F (KL J)

LC 19C Julyh§

CC 15C I=1,AS

ALRZ2{L 4 J)m=C (T 4 J)

DC 1SC K=l ,AC

ALXZ(L o JVmALX2Z LT o} =P UKy I)oFL (K J)
CC 2CC J=lyAS

CE 2CC U=l NS

PLIT,J)=CaDO

CC 2CC k=] 4AS

PLUD o dhwPLUE o JIERALR2 UL s DOX IR JE
OC 21C J=leh§

CC 21C Is=l,AS

ALX2(1yJd)=CaDC

CC 21C KkmlghS

ALR2(] o J) mALX2HT o JDEXER, I} oFLCK,J)

SCLVE  [LAMBDA®I € LIT)})eT(L) = C(Y) FCR TI L)

xLaC
Kt oKL £l ‘
IF(DABS{RI {NL}}~1,C=8) 230,230,280

REAL EIGEAVALLES CF  (A=EuR(=1)aB(T )P}

CC 25C J=KL NS

KieJt=KL (]

CC 24C IsKL,AS

K]l =f=KLE]

ALXLIKT oiJ1uaD (] o d)

ALXLUIKS NI mALR] [k KJI)ERR{KL)
FhehS<KLEL

CC 26C P=l4kN

Klsxtgf-~l

PLAT SL) sALR2 IR (XL}

CALL LYNECSIL oMM ol oBUNE oXL o ¥ Lo AUXL g X 1 oSV SYRIEP 9T, 1,F~1C,%C,1)
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i asii i ol

= =T

1%

1 ] L]

W

——— e - -

cre
1311
LN
ccre
131
11 ]

ccet
({1}
{1}
cces

foee
ceed
ccee
caes
1114
143}
tos2
ces?
CCse
{11
CcCse
ccs?
€cse
toss
cLec
c1cl
cic?
cic?
(414
cice
CicCe
cicy
cicCe
C1cs
cie
cin
€112
43 H
Clla
cits
Clle
ci?

ciie
€118
c12¢
€121
claa
cia?
€124
ci129
clae

fnon

(2T 2 X g

26¢

asc
L1

2
2.

"
"
~

24¢

L
-
(1]

1114
¢

114

11

1P CIER) 0 8C 249,090
CC 27C le) Mn
sfenitl-)
SLIRLoNEbOYL (] ,0)
PLIRT LIV (1,1}
IFiRL=AT) 220,380,000

CCHALEN EIGEAVOLLES CF (0 = RoP{=])ofIT )P}

CC 3CC Jmli S

[ FTPTT (4]

DC 29C IoRL NS
Kiel=nLE]

ALyLENE oRJEmaD{] o d)
ALDYIIRJ R JDaBLIL IPJRJIEPPYRLY

FAahS=nLEL .

CC JIC Julpin

cC 31C Jo]0h

L3t s dieC, 00

0C 3LC Epe) kM

ALEICT o JhoaUnd{] LD CALXL (oK) o BUNLIRGJ}

€C 32C =] op . .
SUPY (Lol )naLXY L (I BERTIMLIONIINL)
Llemig)

EC 33C 1ol 0t

(IRTINIRY

LAVl d Rl qaL)aALIZ (N oNL) D

CC 33C ool y®h .
kJakild-})

PLAT LYol AT o2 e dLRL U] o) o BURZIKIGEL D

CALL LEIRECSIL onh ol oALED L oWy BUXY o X oSV SR, IER Lo ob=1C Nl )
IETIEN) 420,340,490

Or 35C =) 8k

#levitl~]

PLINLoIY oYL (T ,4))

PLIkT oRL)oYL il ,])

CC I35 o] 0

plepLil~]

PLINI GRLL I m=AL B2 [R] (ELIZRILELY

OC 37C =] %A

2iarigl~]l

CC 16C Jv] kb

PLIRE WXL IoPLIR] oRLibeALNLTT o JDovYIido R OZREIRL)
FLURLL omT PoPY (W] o0L)S

nienil

IF (kL=KS) 22C,380,300

CCPPLIYATICA CF THE RICCATT pRTRIX  PLILY)

DC 38C 171 ,0§
0C 38C Joloh§
BLILUR 21 CeCC
CC ISC wol AS
AUBE (T o d3 LRI UL s J) EPLET o RYOYIN, )
CC ACC 1ol 08
EC 4CC Jolohd
ML, Jhe0.00
EC 4CC el oA$
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ISN

T

. 15N
SN
1SN

.. ISN

I*N
1SN
ISN
N
[N
i1SN
ISN
ISN
1SN

ISN C

SN
. ISy
ISN
I5N

ISN €

ISN

1SN
_ISN

LN
15N
T
ESN
1SN
1SN
TeN
1EN
1SN
1SN
1SN
_ISN

one

L7144

41¢C

ALRIIT odbobLXI LD o IEYIN ) 0BUXLIKyd) e .
CCPPLYATICN CF THE GAEM PRTRIX KT1JCLE aNC CCNFI!!SUQ Mt Kt}

CC 41C Il ,AC

CC 41C Jm) A8
ALPLIT oV el CO
CC 41C Kol ,AS
AUNL IR oY waALBE L 2 JIERIR, I 0AUNIEK, S}
RC 42C 1a]l N
EC 42C Jsl,AS$
PlileJdd=2CenO
CC 42C Ksl,AC
PLEUT ) oPL(] ) ERL ] o kY ORUNL IR, )
CC A3C Jsl, NS

DC 43C I=l,AC

MILIT I eFL (T oJd)=FLlpd}
CELsCeDC

CC 44C Jel,AS

DC 44C Tel,MC

IF (DABSIPYIEI y )} oGTe TEL) SV{LISCABSCAUXIL I SIZPILT, 4))
IFLEVIL) o6V. CEL) CEL=SVIL)
CCATIME

IF{UEL=TCL) 460,460,450
IFIIYER=VAR]IT) 4624470470
CC 464 o] NS

EC 464 I°]l,MC
PLlsdisFL Il 4y}

GC 7C 1CC

SRITE(3,25) CEL,ITER
HE TLRA

PRI TE (33200 TCLoPARIT ‘
RETLRA .
sRITEL3,1C)
RZILRA
SRIE(3,15% [ER
RETLRA

VI IE (3,3C)
RETLRA

EnD .

.- - LR e L Y R "o — .

i — e . e v M S e 4 e ta e wEiRbeee e

- e D T - - - cm A ew -

3= - . - -

e B mam e W EAima . gremt  cme ) e mam - e #e
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