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ABSTRACT

DESIGN bF MULTIVARIABLE FEEDBACK CONTROL SYSTEMS VIA SPECTRAL
ASSIGNMENT USING REDUCED-ORDER MODELS AND REDUCED-ORDER OBSERVERS

Preston Ivanhoe Carraway I[I[1]

Roland R. Mielke, Principal Investigator and
Leonard J. Tung, Co-Principal Investigator

The feasibility of using reduced-order models and reduced-order
observers with eigenvalue/efgenvector assignment procedures is investi-
gated.} A review of spectral assignment synthesis procedures 1s present-
ed. Then, a reduced-order model which retains essential system charac-
teristics is formulated. A constant state feedback matrix which assigns
desired closed loop efgenvalues and approximates specified closed loop
efgenvectors is calculated for the reduced-order model, It s shown
that the eigenvalue and efgenvector assignments made in the reduced-

order system are retained when the feedback matrix is implemented about

the full order system. In addition, those modes and associated eigen- L

vectors which are not included in the reduced-order model remain un-
changed in the closed loop full-order system, The full state feedback
design is then implemented by using a reduced-order observer., It is
shown that the eigenvalue and eigenvector assigmments of the closed loop
full-order system remain unchanged when a reduced-order observer is

-used, The désign procedure is f1lustrated by an actual design problem,
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CHAPTER 1

INTRODUCTION

The use of reduced-order models [1] and reduced-order observers [2]
in the design of feedback controllers has been studied by several re-
searchers. In addition, the development of eigenvalue/eigenvector as-
signment techniques has received much affention in recent years. In
this work, a reduced-order model is used with eigenvalue/eigenvector
assignment techniques to design a constant state feedback controller for
the original full-order system. The eigenvalues and eigepvectors con-

tained in the reduced-order model are reassigned in the full-order sys-

ORI SN

tem while those eigenvalues and associated eigenvectors not included in
the reduced-order model remain unchanged in the full-order system. The
constant state feedback matrix is impiemented using output feedback with

a reduced-order observer. It is shown that the eigenvalues and eigen-b '
vectors of the closed loop full-order system remain unchanged when the: -

reduced-order observer is implemented. ‘ .

1.1 Motivation
During the past fifteen years significant advances have been made
toward developing viable synthesis techniques for multivariable feedback

control systems. Notable among these techniques is the eigenvalue/




eigenvector assignment procedure. Early studies in this area focused on
an algorithmic formulation of the spectral assignment by Srinathkumar
[3], while later studies included a geometric formulation of the same
problem by Moore [4], Kimura [5], and Davison and Wang [6]. Based on
these theories, design procedures have been developed for approximating
desired mode mixing {7], reducing efgensystem sensitivity to variations
in plant parameters [8], reducing the effects of actuator noise on sys-
tem perfonnanhe [9] and modifying the resultant feedback gain matrix to
speciiied gain constraints [10]. Recently, these procedures have been
incorporated in a spectral assignment computer aided design package
" [11]. A deficiency in all work concerning eigenvalue/eigenvector as-
signment procedures is an absence of application of these techniques to
real world design problems. A primary factor contributing to this prob-
lem {s the lack of understanding of how to use reduced-order models and
reduced-order observers with spectral assignment procedures.

Models representing the behavior of physical systems often consist
of a very large nunber of coupled, linear differential equations. Such
models are difficult to use when designing control systems due to exceg-
sive requirements for computer time and memory, and to the numerical
analysis problems inherently present when dealing with large systems of
equations, It is, therefore, desirable to develop a design procedure
which utilizes reduced-order system models. Simplification of large
order dynamic systems hos received the attention of many researchers in
recent years, The major difficulty with this work §s that only open-’

loop system behavior is approximated. Of concern when using reduced-



e e & |

e, T e

order models with eigenvalue/eigenvector assignment procedures is the
fact that while the reduced-order model may approximate open-loop system
behavior, the modeling error may be so great or of such a nature that
actual closed-loop system performance is not acceptable. Also of con-
cern {s the closed-100p behavior of those modes of the original system
which are not included in the reduced—order model.

Full state feedback is implemented by the use of a dymamic observer
system when there are fewer outputs than states. Since some states are
usually available for measurement at the output, a reduced-order observ-
er is desirable in order to minimize the complexity of the control sys-
tem. Of concern is the effect of a reduced-order observer on the system

eigenvalues and eigenvectors.

1.2 Overview

In this section an overview of the thesis is given. A background
of spectral assignment theory is discussed in Chapter 2. A subsequent
design procedure implemented by Marefat in a computer aided design packé '
age {s presented next. This information provides a necessary foundation
to support the material in the remaining chapters. In Chapter 3, a new
technique is developed that uses a reduced-order model of a known larger
system and spectral assignment procedures to reassign selected eigen-
values of the system. This is accomplished without affecting the eigen-

values and eigenvectors not included in the reduced-order model. Sec-

ondly, a technique is developed that uses Luenberger's [2] reduced-ordgr'-

observer and spectral as.igmment procedures to implement a constant full
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state feedback design using dynamic output feedback. The assigned
eigenvalues and eigenvectors of the original system are retained using
this technique. In Chapter 4, a design philos;phy and then a corre-
sponding design procedure are developed for the new synthesis techniques
presented in Chapter 3. A software package is developed to facilitate
the design of dynamic output feedback control §ystems using this new
philosophy and procedure, The packagé 15 included as a new mode to a
spectral assignment computer aided design program developed by Marefat
[15]. The use of spectral assignment with reduced-order models and
reduced-grder observers in an actual design problem is demonstrated in
Chapter 5, Results are compared to those obtained by an alternate de-
sign procedure. A program listing and an éxample of a computer aided

design session are included as appendices.
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CHAPTER 2

SPECTRAL ASSIGNMENT PROCEDURE

In this chapter a background of spectral assignment theory is pre-
sented to support the development in Chapter 3. Definitions of eigen-
values and eigenvectors’are given, Then the effect of eigenvalues and
eigenvectors on the time response of a system is presented., Lastly, a
characterization of the freedom available in selecting eigenvectors for
a given eigenvalue assignment using constant state feedback is pre-

sented.

2.1 System Eigenstructure and Time Response
The eigenvalues of an nth order real matrix A are the zeros of the
polynomial det [A1-A]. The efgenvalues, Aiec, form a self-conjugate

set, That is, for each complex eigenvalue A4 there exists a complex

conjugate eigenvalue *i+1 s Ai*. For each eigenvalue Ai, there is a

right eigenvector, viec“, that satisfies the equation,

Avg = vyt (2.1)

for i =1,..., n. If the eigenvalues of A form a distinct set, then

the associated eigenvectors are linearly independent [11]. Equation



(2.1) {s written for all Ay and v, as

AV = VA, (2.2)
where V= [V, ... Vn] and = diag.(xl.....xn). Since the columns of

V are linearly independent, V 1is invertible. Therefore,
A=VAV ., (2.3)

Stmilarly, for each eigenvalue 1‘ there is a left eigenvector,

uiccf that satisfies the equation
T T :
ug A=A (2.4)

for 1=1,..., n. The left eigenvector equation is written for aill Ai

and u as

i

uTa = auT (2.5)

where U = [u; ... u,]. For distinct efgenvalues, the left eigenvectors
are also linearly independent [12], Hence, premultiplying equation
-1 ‘
(2.5) by UT)"  yields
-1
A=W ad, (2.6)
Substituting for A from equation (2.3) into equation (2.6) yields

@

B o Tre e M N R A

=
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w e D - (2.7)
Prémultiplying by U' and postmultiplying by V yfelds
oTva = au'v, (2.8)

Since A {s a dfagonal matrix of distinct eigenvalues, equation (2.8)
can only be satisfied if UTV is a diagonal matrix. For convenience

the eigenvectors are usually normalized so that UTV =] or

of = v, (2.9)

The effect of eigenvalues and efgenvectors on system time response

is now presented. Consider the linear time invariant system in Figure

2.1 represented by the system state equations

Xx = Ax + Bu (2.10)
and '

y = Cx, (2.11)

where A, B, and C are the plant, input, and output matrices respec-

tively and x e R". ue Rm. and ye RP, The system time response

is determined by solving the differential equation (2.10). Let a change

of coordinates be defined by

it
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Figqre 2.1. Linear Time Invariant System Model
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X = Vz, . (2.12)
The transformed system is
-l -l .
2=V Az +V By . (2.13)
y = cvz‘ ' (2014)
Substituting from equation (2.3) into equation (2.13) yields
* -1
z=Az+V Bu. (2.15)
The solution of equation (2.15) is given by [13]
At ¢ A(tet) T '
2(t)=e " zg+ [ e U Bu(t) dr (2.16)

where 2o 1{s the initial value of 2z(t) at t = 0. Substituting from

equation (2.12) yields the time response

t

t Xo*’VIG

T A(t-t) UT

x(t) = vett u Bu(t) dr. (2.17)
The first term of equation (2.17) is called the zero imput response and
the second term is called the zero state response,

Expanding the zero input response yields

¢

D i TR



|

i
i

oo . e [T, . . . roor o
[‘M'ﬂ'\xm“,u-m e . . . . . PR e
.
X

ORIGINAL PAGE 1d - s
OF POOR QUALITY
10
[t 1717
x(t) = [vi, ooy v ) et e s 0 u1 X0
[] A t .
n T
L0 N . @ - Lun ]
- D A t . 1
At T n
Mt At
_ane (u,Txo) o0 bV, 0 n (unT) Xo

From equation (2.18) the ith component of the statevector is determined

to be

At

X (8) = £ veeel (uTx) (2.19)
i i *
=]
Expanding equation (2.19) yields
At
At T , v n T
x; (t) vit] e (u; xq) Infe  (u, x
, . o : (g x0) 15 20)
. = . + e o @ +
xn(t) Vol vnn

"~ The zero state response is expanded next. Let the input vector

u(t) be a vector of unit step functions, u,, for cbmputational ease., .
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This yields

t
er e-AT

dr

[ Y o

1
ORIGINAL {2507 18 !
OF POOR QU&ALiTY
t
x(t) = v eMt-7)yTg ugdt
At, t At T
= (Ve ') [ e dr (U'B up). (2.21)
Since A {s a diagonal matrix, the integral term is written as
K’ T
e Mg = fé')‘ltdr c.e. 0
t -Anr
0.... [ e ' dr
L d
. 1
= —L (e-klt"l) (I} 0 .
X] .
. . (2.22)
0 ¢ o e - -—1- (e-xnt'l)
>‘n
Premultiplying equation (2.22) by the diagonal matrix eM yields
a1 r(1.e*1") c.. 0
M . : (2.23)
0 s s 0 - —]'.' (l-exnt)
b An .

e v A ¢ e e = W 1 s i s 5
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The vector K 1{s defined to be
K=UBuy (2.24)
0 L ] * ,
Substituting equations (2.23) and (2.24) into (2.21) gives
X(t) 8[v]} o o o Vn] -"‘1-‘ (1' Alt) ¢ e 0 0 1 K
Al . .
) ’ At
0 s o e - "—]; (1"'9 n )
I *n |
n -K1 xit
= I v (—) (1-e ") (2.25)
i=l A .

i

where Ki denotes the ith element of K. Expanding equation (2.25)

yields

(][] ) -t
. = . Al ’ + ..

xn(t) Yn1

Ait
The terms e

X At
YIn (--E) (1-e n )
sl M . (2.26)
vnn

are called the modes of the system. Equations (2.20)

and (2.26) show that the eigenvalues of the system determine the rates

of decay of the modes while the eigenvectors determine the contributioh -

of each mode to the various states.

Thus, the time response of a system
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can be controlled by proper selection of system eigenvalues and eigen-

vectors.

2.2 Characterization of Freedom in Eigenvector Assignment
Given the linear, time invariant controllable system with constant

state feedback in Figure 2.2, the system state equations are written
x = (A + BF) x + Bv (2.27)

y = Cx. | (2.28)

Given that constant state feedback is used, Wonham [14] states that an

mxn matrix F can be found to assign an arbitrary self conjugate set. .

of eigenvalues if the system is controllable. Moore [4] characterizes |

the freedom available to assign eigenvectors for an arbitrary self-con-

Jugate set of eigenvalues. He gives necessary and sufficient conditions.

to find a unique real matrix F that satisfies the eigenvector equa-
tion

(A+BF) vy = vy, (2.29)

For i=1, ..., n when B has full column rank., Associate with each

eigenvalue Ai an nx(n+m) matrix SX where
: i

Sxi = [X.II-A;B] (2.30)

« ———— o n

o et £t o o e



o [ P ¢

Figure 2.2.

System Model with Constant State Feedback

148



T s g

3 KRN T R

WRIRE T U e a2

i v L ATyt S A < 1 £ VI N e < 2

R

15
and a compatibly partitioned (n+m)xn matrix
K, =IN (2.31)
Mo
M

whose columns constitute a basis for the null space of SA . Then the
i

necessary and sufficient conditions to find a unique real matrix F

that satisfies equation (2.29) are:

1) Vectors v eCare Vinearly independent,
2 = v - A; =A%, and
) Vi =V whenever X, = i., an
3) v € span (N, ). ;
i A

Thus it is possible to assign an arbitrary selfconjugate set of -

eigenvalues and a set of eigenvectors from within the span of Nki{ The ;

null space in is determined by the selection of an eigenvalue xi.
The subspace, Nk identifies the freedom available to assign eigen-
1‘ .
vector V,.
2.3 ctigenvector Assignment for Real Eigenvalues
It is first assumed that A eR so that Vi € R" for i=1,...n.

Equation (2.29) is rewritten as

(AiI-A) v%-(BF) v, = 0. (2.32) -



16

Since Ka‘ is a basis for the null space of S‘i’ then any vector Ky
that postmultiplies K,. 9ives a resulting vector that 1ies in the null
i

space of Sx . Therefore,
1

[r1-A:8] In | k =o. (2.33)
LY
Expanding equation (2.33) ylelds
[AiI-A] "AiKi + (8] Mxi Ki = (O, (2.34)

Since vy € span (in), then Ki determines where in the allowable . .

subspace v, exists. Hence,

1

It follows from equations (2.32) and (2.35) that

Fog = - M K. ' (2.36)

By defining "i as

Vli E - MAiKi’ ‘ (2.37)
equation (2.36) is rewritten in matrix form for all { as

R L R S

—— e
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FIVie ooy vn] = (W, ceey 'h] (2.38)
or

FV=i, (2.39)

Since the eigenvectors are linearly independent, then
F=Wv-l, (2.40)

2.4 Eigenvector Assignment for Complex Efgenvalues
It is next assuned that AseC for 1=1,2 and AseR for

t =3, ..., n. Then the first closed loop right eigenvector must satisfy:

the equation

(A + BF] (VRE "‘jVI") = (VRE + ijM) (XRE"' jAIN) (2.41) .

where the subscript one is suppressed for simplicity. Equating real and
imaginary parts yields

[A + BF] Voe * Vee *re ” Vim A (2.42)

IM

and

R o o et S e A B e A 6
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[A + BF] VIM * VIM *Re * VRe Mm- (2.43)
vThe two equations are written in matrix form as
“VIM
-FvRE
and
[AREx-A : *IM‘ : 8] ViM = 0, (2.45)'
“YRe
'FVIM

For the case of complex eigenvalues, the nx(2n+m) matrix 5, is defined -

as
SA = [XREI-AixIMIEB] . (2.46)
and a compatibly partitioned (2n+m)xn matrix 'KA is defined by

(2.47)

where the columns ¢~ K, constitute a basis for the null space of §,.

Hence,

e e R o e
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Dogl-Al 118 N, = 0. (2.48)
PX
"X

From equations (2.44), (2.45) and (2.48) it is apparent that the vectors
fn (2.44) and (2.45) are contained in the null space defined by K,.

Theréfore
RE N, (2.49)
-vIM e SPAN Px
and
VIM Nx (2.50)... a
VRE e SPAN Px .

From equations (2.49) and (2.50) it is apparent that the allowable sub- .~

space for VRE and VIM is described by

v N (2.51)
JEL e sean |
I A

and

e —— v

ey e
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v p | (2.52)
VRE e sean [ M.
M A
Combining equatfons (2.51) and (2.52) ylelds
v N P (2.53)
JEL esean | N osean [ M.
M A \

The following characterization of the freedom available to assign
complex eigenvectors is not developed here but is proved by Marefat

{15]. Matrixes o and B8 are defined by

a=[n]" (2.54)
)
and
RN (2.55) ;
NA °

Ka and KB are defined to be matrices whose colunns constitute bases

for the null spaces of a and B . respectively. Matrix y 1{s defined

by

RN RESA (2.56)

T et WRRLE P

R i)
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and KY {s defined to be a matrix whose colunns constitute a basis for

"the null space of . .A basis for [SPAN(a)ASPAN(8)] 1s [(SPAN(a)) +

(SPAN(B))l]l where M+" denotes set direct summation and “1®
denotes orthogonal comblementation. Aiso, a basis for Y1 is a basis
for YT. Hence

) VRE € SPAN (KY). (2.57)

M {1

A specific vector within the null space of Y {s defined by postmulti-
plying KY by a vector Xye Thus

eel| * KY xT.' o (2.58)
ViM

Using equations (2.51) and (2.52), Xc1 and Xep are defined by

VRE ] Ny X1 (2.59)
Y1 P
and
"RE] ] [p{‘ X . (2.60)
v N
N, ] Py | - :
The. left inverses of | ,°| and exist since the colums of K, are
A A

linearly independent. Therefore

.
,
gk gy AR e S oy N o et Y TR AP ‘ ’
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; x..= [n] <t [v (2.61)
.Y cl A RE y
Py Vim
and
x., = 1p|t v (2.62)
c2 A REY ., ‘
Ny Vim

From equatfons (2.48) and (2.49) it s apparent that the vectors [-Fvge]
and [~Fle] lie in the space defined by the columns of M,. Hence

-FVRE = MA Xe1 (2.63)

and

Since A; and A, ¢ Cand rte¢Rfor i=3, ...,n, then
Az = Al* because the efgenvalues form a self conjugate set. Further-
more, the second condition of spectral assignment requires that v, =
vl*. Thus the specification of one complex eigenvalue and eigenvector
contains all the essential information of the complex conjugate pair.
It is also fmportant to note that if v, = vz* and the pair v;, v, are
linearly independent, then YRe and Viy are also linearly inde-

pendent. In order to calculate the feedback matrix F, the following ..

: ,
P e haaat S NI §-: i RS




23

definitions are given:

w2 = MXe, - (2.66)

Vi = vpg, (2.67)
and

V2 ® Viye (2.68)
Recalling that for the case of real eigenvalues

Wi ® M X (2.69) -
and
Vi ® Vi (2.70)

equatfon (2.38) is rewritten so that

F[VRE, ViMe V3o cees vn] = ['Mxxcl"MAch"NA3x3' f""Mxnxn]‘ (2.71)
Substituting equatfons (2.65) through (2.70) into (2.71) yields
FIVis eoes vn] = (W), voiy wh] (2.72)

or

FV = W. (2.73) - -

e

R "

(a
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As in the case for real eigenvalues,
F = Wy-1, (2.74)

This development is easily extended to more than one pair of complex

conjugate eigenvalues,

2.5 Use of Eigenvector Freedom
It is shown in the previous three sections that eigenvectors for
the selected eigenvalues must reside in an allowable subspace that is
determined by the plant matrix A, the input matrix B, and fhe se-
lected eigenvalues Ao Normally the eigenvector assignmgnt that is

most desirable for a given set of eigenvalues is not achievable because

it does not l1ie within the allowable eigenvector space. In this case it

is desirable to select the allowable eigenvector that is closest to the
desired eigenvector., This is accomplished by projecting the desired
vector into the allowable space so that the error between the desired
and the assigned vector i{s minimized in a least squares sense as illus-
trated in Figure 2.3.

The desired vector is projected onto the allowable space by the
projection operator

T

T -1
pNA =N (NN) N (2.75)

for real eigenvalues and

e AT e i - e B s s aAse L

SR I

e
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= T -l T ' ‘
Py = Ky (KKK (2.76)

for complex eigenvalues [15]. Indicating the desired vector by the
subscript “0" and the assigned vector by the subscript “A", the

projection is accomplished by the equations

(2.77)

and

PKY VRE (2.78)

Vim Vim

for the real and complex assignments, respectively.

2,6 Improvement of Initial Assignment by Gradient Search

The selection of eigenvalues and eigenvectors for a system is nor-
mally motivated by the desire to shape the time response as discussed 1n
Section 2.1. However, once the desired time response is approx1mated
there are often other aspects of the assignment that are unacceptable.
An example is an assignment which réquires extremely high feedback gains
which are expensive to implement and very sensitive to noise. Another
example is extreme eigensystem sensitivity to small plant parameter

variations or modeling errors. The freedom available to select the

~eigenvectors often provides a means to drastically improve these seconJ-

ary design objectives while only slightly modifying the initial eigen~ =

A Y ,\a
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vector assignment and thus the time response. This improvement is ac-
complished by modifying the eigenvectors within an area local to the
original assignment. The vectors are modjfied in such a manner as to
reduce the undesirable aspect of the assignment most rapidly.

A cost function J 1is defined so that a reduction in the value of
J corresponds to reduction of the undesirable aspect of an initial
eigenvector assignment. A gradient matrix is computed in terms of J
to determine how the eigenvector assignment is most efficiently changed.

Recalling that the eigenvectors are determined by the equation
Vi =N, X, (2.79)
for the case of real eigenvalues and

ViRe X. (2.80)
Vimm Y g

for the case of complex eigenvalues, it is apparent that small varia-
tions in Xi will cause correspondingly small variations in the eigen-
vector assignment., A matrix X is defined as

X = DXy oy X1,  (2.81)

Since this matrix designates which eigenvectors are assigned, it is
called the designator matrix. A gradient matrix [GR] with elements -
[GR]ij is defined to be
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3d

-;r .
[6R];y = — 13 o (2.82)

3d
| l=—II

BXiJ

The designator matrix X 1s then varied according to the rule

Xij (qt1) = xij(Q) - d[GR]ij : (2.83)

where d denotes the step size of Xij during each iteration. The
gradient search is continued until a satisfactory compromise between the
reduction in the value of the éost function and the modification of the

time response is achieved.

[
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CHAPTER 3

SPECTRAL ASSIGNMENT USING REDUCED-ORDER
MODELS AND REDUCED-ORDER OBSERVERS

In this chapter, the use of reduced-order models and reduced-order
observers in the design of feedback controliers is investigated. A
reduced-order model of a known system is formulated. It is then used to
design a constant full state feedback matrix for the original full-order
system. It is shown that the eigenvalues and eigenvectors reassigned in
the reduced-order model are reassigned in the full-order system while
those not included in the reduced-order model remain unchanged. The
constant state feedback matrix is then implemented by output feedback
using a Luenberger [2] reduced-order observer. It is shown that the .
eigenvalue and eigenvector assignments in the full-order system remain
unchanged when a reduced-order observer is used.

3.1 Motivation for Using Reduced-Order Models
and Reduced-Order Observers

Models representing the behavior of physical systems often consist
of a very large number of coupled 1inear differential equations. Such
models are difficult to use when designing control systems due to exces-
sive requirements fbr computer time and memory, and to the numerical

analysis problems inherently present when dealing with large systems of

29

N

»



It is, therefore, desirable to develop a design procedure

equations.
which utilizes reduced-order system models.

The spectral assignment synthesis methods described in Chapter 2
However, full state feedback is not feasible

use full state feedback.
for most systems because there are often fewer outputs than system

Full state feedback is implemented by the use of a dyamic ob-
The use of a full system observer is unneces-

states.

server for these systems,

sary since some states usually are available for measurement and there-

fore need not be estimated. A reduced-order observer is therefore de-

sirable in order to minimize the complexity of the contrel system.
This chapter develops a reduced-order model and reduced-order ob-

Control system design for the ful l-order system is accomplished
Reduced-order models and observers

server.
using the reduced-order observer.
have been used for several years. However, it {is shown here that the
eigenvalues and eigenvectors assigned using the reduced-order model are
retained in the closed loop full-order system while the eigenvalias and

efgenvectors not included in the reduced-order model remain unchanged in

the closed loop full-order system.
3.2 Reduced-Order Model Formulation

A reduced-order model that is used in the design of a constant

state feedback controller for the full-order system model is formulated

The reduced-order model contains the eigenvalues that
Let the original system

in this section.
are to be reassigned in the full-order model.

model be described by the state equations
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X = A + Bu (3.1)

and
y=Cx (3.2)

where x eR". uea"'. and yeRp. It is assumed that the eigenvalues

of A are distinct and are denoted by (3, '“’"n)’ The corresponding
modal matrix for A {s denoted by V = [v;, ..., vn] where v, de-
notes the eigenvector corresponding to Ay The system model fs trans-
formed by defining a new state variable

2=V k. (3.3)

Equation (3.1) is transformed to give
2= Az + Bu (3.4)
"l ‘ -~ -l
where A =V AV = diag (A}, ..., A ), and B =V B. The system is
now partitioned to separate the eigenvalues to be reassigned in the

reduced-order model from those that will remain unchanged in the full-

order system model. Thus,

. A, 2072 B
| | 2a Y, ] (3.5)
2, 0 a2 8
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where z;eR® and zzeR"°k. The efgenvalues included in the reduced-
order model must be contained in A, and those which are not included
must be contained in A,. The reduced-order model is thus described by

the state equation

Z; = A 2) + 31 u. | (3.6)
The reduced-order model fs then used in conjunction with the spectral
assfgnment procedure to assign efgenvalues and partially assign eigen-
vectors in the full-order system model. However, the relationship
between the eigenvalue and efgenvector assigmments in the reducéd-brder

and full-order models must be investigated first,

3.3 Spectral Assigmment Using Reduced-Order Models

The reduced-order model fs used to design a constant state feedback
matrix for the full-order system. The relationship between the eigen-
values and efgenvectors of the closed-loop reduced-order model and the
closed loop full-order system must be understood in order to accomplish
this. The relationship between reduced-order and full-order system
eigenvalues is determined first. Llet F denote a constant state feed-
back matrix computed for the reduced-order model, The control law is

then written as

us=F 2z, - (3.7)

The reduced-order model closed loop equation is therefore

4
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2 = (0 + 81 F) 21, ©(3.8)
F {s now implemented about the full-order system by assuming full state
availability in the full order model and transforming F back to the
original coordinate system. Equation (3.7) is rewritten as.
- A' z - .
u = [F:0] z; F'z, : (3.9)
Substituting for z from equation (3.3) yields
-1
u=F'y x=TFx, (3.10)
Hence, the closed-loop full order system is written as
X = Ax + B Fx
= [A + 8 Flx. (3.11)
The eigenvalues of the full order system are the eigenvalues of
(A + BF]. This matrix is rewritten as
-1 P |
[A + BF] = [vAV  + VBF'V ]
= V[ *+ BF0 ] vl (3.12)

. S
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Since [A+BF] and [A + BF'] are related by a similarity transform-
atfon, they have the same eigenvalues. Matrix [A + §F'] fs expanded

as

«|oL.e8iEi0 | | (3.13)
B,F  iap

The eigenvalues of this matrix are obviously the eigenvalues of
(A« §1 F] and (A;]. Thus it s possible to reassign the k eiyen-
values included in the reduced-order model without modifying the (n-k)
original system eigenvalues which were not included in the reduced-order
model, ‘ .

The relationship between eigenvectors of the reduced-order and full
order system models is determined next. The efgenvector equation for

[A +8F'] s written as

Y ETRR: 20 IR 8 e Bt S w0 (319
which ylelds the two equations
[Aﬂ-l\x-ﬁx?] Vl‘l =0 (3..15)..
and o
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If A, 1{s an eigenvalue of [A; + §1 ?], but not an eigenvalue of

i

[A,], then from equation (3.15) it follows that 311 fs an eigenvector

of (A, + 31?]. Since A is not an efgenvalue of [3,], [A1I'A2] {s

nonsingular. Thus, from equation (3.16)

~ wla aa
Vo = [AI-A) ByFV, .. (3.17)

Therefore, Vi is written as

~ I ~
v" £ | cowscomes :;:-6 vli . (3.18)
[Ail'AZ] B,oF _

Equation (3.18) illustrates that the first k elements of Vi can be
assigned using the reduced-order model while the remaining (k-p) ele-
ments are 1inear combinations of Vli‘

On the other hand, if A, {is an eigenvalue of A, and not an

i
efgenvalue of [A, + 31?]' the matrix [A11~A1-§1?] {s nonsingular..

Therefore, equation (3.15) is statisfied only if
Vyg = 0. ; .(3.19)

From equation (3.16) it follows that 721 is an eigenvector of A, for

. efgenvalue Ai' Since A, 1{s a diagonal matrix, in is written as

~ T A
V21 = [0, ey 0’ k‘, 0, co ey 0] (3.20)
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Qhere ki is a nonzero constant, Therefore 01 is written as

)
s.= 1 1. 3.21
vy Vg | (3.21)

Let V} be the eigenvector of [A+ d?j corresponding to eigenvalue

xi. The eigenvectors V} and vy are related by the transformation

Vi = Vv, (3.22)

Expanding equation (3.22) for eigenvalues of [A, + BjF] yields

JR L B ¥ B ¥ S Y
Vai Vap + Voa| [Dryl-Ap] BoF

Vig + ¥y, [AI-A)-1BF|

Often when the reduced-order model contains only the dominant modes

-lh ~
of the system, Vi, = Vy; + Vj, [AyI-A2] B2F. Then the top k compo-

nents of the first k eigenvectors are assigned by choosing Vi S

~ "l—
v,, =YV v

o e (3.24)
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When th% above approximation does not apply, an initial assignment of

Ut
between the desired top k components of the first k eigenvectors and

is made using equation (3.24), F {s calculated, and the error

the actual assignment is calculated. A gradient search procedure is
then used to reduce this error,

For x‘ which are eigenvalues of 4A,, equation (3.22) expands to

YV s VG s le 1]
7\ [sz] 0, . (3.25)

Substituting for 921 from equation (3.20) ylelds

v = VIZ . .
vy k1 [Yzz]' (3.26)

Therefore, the last (n-k) eigenvectors in the closed loop full order
system are the original open-loop eigenvectors. Thus eigenvectors cor-
responding to the eigenvalues retained in the full order system moqu

remain the same in the final closed loop system,

3.4 Reduced-Order Observer Formulation
In order to implement the feedback matrix F calculated in equa-
tion (3.10), full state aya11ab111ty is required, However, if the
nunber of outputs p 1s less than the number of states n, then (n-p)
states must be estimated. This section parallels Luenberger's [2] de-

velopment of a reduced-order observer system to allow the implementa-

P

L\ U ;;u .
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tion of a full state feedback matrix in such a system, The foilowing
section shows that not only are the eigenvalues of the observer system
retained in the closed loop system, but that the original eigenvector
assignment is not affected by use of the observer.

The open loop full-order system model described by equations (3.1)
and (3.2) fis

X = Ax + Bu (3.26)

and
y = CX. (3027)
If the feedback matrix F 1is 1mp1emented‘about the systein model, then

us= Fx. (3.28)

It is assumed without any loss in generality that the first p columns

of C are linearly independent. A transformation matrix M is definéd

to be
| G C2
M '[0 : (3.29)
n=p,

where 1 is the (n-p)th order identity matrix. A new state variable

n-p
is defined by

IR
fa

L b e e
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(3.30)

Equations (3.26), (3.27), and (3.28) are transformed and written as

and

where

and

T2%7%+ B,

(3.31)

(3.32)

(3.33)

(3.34)

(3.35) |

(3.36)
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F=FM . (3.37)
Equatfons (3.31) and (3.32) are expanded as
.Zl . Kll 7‘12 ;1 El (3.38)
] = ~ ~ ~ + ~ u
Z; A2y Az Z; B2,
y=[G CJ| | = a. (3.39)

4]

Therefore the p components of the output vector are the first p
states of the transformed system denoted by 21. The reduced-order

observer must then estimate the remaining (n-p) states denoted by ié.,

Equation (3.38) is expanded to be

7 = 7\11 ;1 + 7\12 ;2 + §1 u (3.40)

and

L]
~

2 = ;\’21 ;)_ + ng ;2 + Ez u. (3.41)

Since ;1 is available as the output vector y, it can be different-

jated to generate 3.'1. Hence, equation (3.40) is solved for Klz Ez
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which is used as an input to a reduced-order observer to approximate

' 32. The proposed observer is shown in Figure 3.1. It is desired that

0 =2 : | (3.42)

in order to implement the feedback matrix F. The observer state equa-

tion is written as

6 = B0 + Lz, - LA, 2, + [a-LB;]u. (3.43)

~

The need to differentiate 21 1is avoided by redrawing the observer

as shown in Figure 3.2, If w is defined by

w=0-lz;, (3.44)
then

w=1lz-86=0 (3.45) -

Using equation (3.42) to substitute for 6 1in equation (3}45) yields

L [
~

w+lz -2 =0. (3.46)

Calculating each term of the above equation results in the three equa-

© e em—— e e
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tions, .
weE [we+Lz]+ [a-1B1]u - LA21, (3.47)
L'.Z, = LA]; 2y + LAy 72 + LBy u, (3.48)
and
GGt - - B (3.49)

Substituting.equat{ons'(3.47), (3.48), and (3.49) into (3.46) gives
Ew + [EL-Az,] 7 + [LAyo-Agp) 2 + [2-82] v ’.0- (?-?0)
Using equations (3.42) and (3;44) to substitute for w yields
(A21) 2y + [E-Ap, + LA2) 2, + [2-82] u = 0. (3-31)
Since the input and state vectors are not generally zero, the multiply-

ing matrices must all be equal to zero for the equation to be true.

Solving for the last two terms gives

E = A2 - LA12 V (3.52)
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and .
ft = B,. (3.53)

Matrix A,, {s generally nonzero also. This indicates that the pro-
posed reduced-order observer is not adequate. Thus the observer is
modffied by adding i2l 21 to w and grouping terms as showm in Figure
3.3. To remove the suumer locateg after the integrator, it {s noted

that

EL ‘;l bd [(Kzz - Lxlz)t.] ;1' (3.54)

Using equation (3.54), the reduced-order observer is drawn as Figure
3.4. The eigenvalues and eigenvectors of E = [A,, - LA;,] are deter-. »
mined by proper selection of L since the eigenvalues of
[322- tilzl are also the eigenvalues of [KZZT- A12TLT]. Chapter 2
describes a procedure for selecting a proper LT to achieve a desiredf ' .
efgenvalue and eigenvector assigmment. A guideline for selecting v
reduped-order observer eigenvalue locations is discussed in Chapter 4.

The reduced-order observer is now used to implement the feedback

matrix F, Expanding the control law gfven by equation (3.33) gives

u=[F:F1|]=Fz +F,z,.
1 2 ‘;2 141 252 (3'55) N

i e M B b
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Using equations (3.42) and (3.44), a substitution is made for ;2 re-
sulting in

u = [F +Fal] 21 + [F2lw. (3.56)

The control law in equation (3.56) is imnlemented in Figure 3.5.

3.5 Effect of Reduced-Order (Observer on Full System Eigenstructure
The effect of a reduced-order observer on the eigenvalue and eigen-
vector assignment in the closed loop full-order system is developed in
this section. Luenberger (2] has proven that the efgenvalues of the
original system assignment and the observer assignment remain unchanged
in the closed loop full-order system. It is shown here that the eigén-
vector assignment also remains unchanged. The following definitionsvfor
matrices G, R, and T are given :5 reduce the algebraic compliexity of

this development. Let

G = [(A21 - LA11) + (Azz - LA12)L], (3.57)
Rs= [Fl + le.] (3.58)

and
Ts=[-L:1]. (3.59)

o — e ———
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The eigenvalues of the system are determined first. Using equa- '

tions (3.57), (3.58), and (3.59), the total system state equation is

written as

Z . A + BRC BF2 ¥4 (3.60)
W TBRC + '6C  E + T8F,| |w

Equation (3.60) is now transformed to an upper triangular form so that
the system eigenvalues are apparent, The transformation matrix P is

defined by

L
P : (3.61)
T S

and a new state variable i1s defined to be

vVeEow T2 (3.62) .

so that

Nle

"[x o] A + BRC 8F, [T o] [Z] (3.63)
Tt e qt eever,| ULy

Equation (3.63) is simplified to give

<e

o
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; r/‘i + E (RE + ? T) 5?2 ; (3.54)
v Lm+ﬁ+u E v

The submatrix [-TA + GC + ET] s equal to zero. This i{s shown by eval-

uating each term within the matrix. The individual terms are given by

<TA » [Lxu . Zzl : LAz - Kzz]. (3.65)
6C = 6[1:0] = [Ay - LAy + (Ryp - LRyp) L : 0], (3.66)
and
ET = [-(Ry2 - LAjp)L ¢ LAz + Ryz]. (3.67)
Hence,
-TA + 6T + ET = 0, - (3.68)

The expression '(RE + FZT) is equivalent to F. This is shown by éx;'

panding (RC + F,T) as
RE “'FzT = [Fl "‘Fz(.] (1 : 0] + Fz [-L : 1]

= [F, : F,] = F. (3.69)

Y

s e e
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.

Therefore the substitution of equations (3.68) and (3.69) into (3.63)

gives ‘ N

N e
>
-+
[oo2d
-
[+-]

b s

N
~

= . (3.70)

<e
(=]
m
<

Thus the eigenvalues of the ‘system are thosé assigned to [Z + 5?] ?nd
[E]. In other words, the use of the reduced-order observer has no
effect on the original system eigenvalue assignment, ‘

The eigenvéctors of the system are determined next. Transforming
the state equation using equation (3.30) results in

oo [rewm ow, Ml o [x

xe

< e

0 I 0 E 0] 1 v

A "'B? B ?2 X ’ o
= . (3.71)
0 E v
Let the closed loop system matrix in equation (3.70) be denoted by A
An eigenvector of AT corresponding to A 1is denoted by 22 Eigen-
vector i is compatibly partitioned so that
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v
ver [“] . (3.72)
V1o .
The eigenvector equation for AT is
Al - Ar - BF2 viul - [0
I : (3.73)
0 Al-E Y12 0
Equation (3.73) 1s expaned giving
- [AI-Ap) vy - [BFp] vyp = 0 (3.74)
and
(Al - E] Vip = 0. '(3.75)

It is assumed that the eigenvalues for [AT] and [E] are distinct
since their locations are arbitrarily assigned as discussed in Chapter
) A
Suppose A 1is an eigenvalue of [AT] but not {E]. Then [>.I‘-E]”l
exists. Premultiplying equation (3.75) by [AI-E]-I yields the result

V12 * 0. (3.76)

Hence equation (3.74) is simplified to
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[\ I-Ap) vpy = 0. (3.77)

Therefore v is an eigenvector of [AT]'

Tl
Now suppose A is an eigenvalue of ([E] but not [AT]. Then
-1
[AI-AT] exists. Equaiion (3.75) implies that 2% must be an eigen-
-1
vector of [E]. Premultiplying equation (3.74) by [AI-AT] and rear-

ranging terms gives
-1
Hence for A that are eigenvalues of [AT]’
| V11 : ;..
VT = . (3. 9)
0

where v is an eigenvector of [AT]‘ For A that are eigenvalues of

(ed,

Tl

. =[(AI-AT) B Fz] . (3.50
I

where Vo is an eigenvector of [E]. Thus it is shown that a reduced-
order model can be used to design a constant state feedback controller
for a full-order system, The eigenvalues and eigenvectors assigned

using the reduced-order model are retained in the full system while the

:
i
e £
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, !
' eigenvalues and eigenvectors not included in the reduced-order model
f remain unchanged in the full-order system. It is also shown that a
reduced-order observer can be used to implement a full state feedback
design without affecting the eigenvalues and eigenvectors of that
design,
|
!
{
Ry
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CHAPTER 4

DESIGN PROCEDURE

. The methods described in Chapters 2 and 3 are the basis for devel-
oping a design philosophy, and then a corresponding design procedure,i
for constant state feedback controller design. The design procedure ;
presented in this chapter is most useful when a designer is able to
characterize the desired system in terms of the élosed loop eigenvalues
and eigenvectors as well as the time response., This chapter reviews an
existing spectral assignment design philosophy. A corresponding design
procedure and computer aided design package [11] are discussed next.
Then an extension of the design philosophy is presented followed by‘é'

corresponding design procedure. This design procedure is included as a

~ supplement to the computer aided design package. Lastly, the signifi-

cant portions of the additional computer aided design software are de-
scribed in detail., The modified design procedure uses reduced-order
models and reduced-order observers with spectral assignment methods to
reassign selected eigenvalues and eigenvectors in the full-order system

model.

4,1 Design Philosophy fur Full-Order System Models

The constant state feedback design philosophy for full-order system

56
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models is illustrated in Figure 4.1. The objectives faced by a system
designer are often many and somet imes conflicting in nature. However,
the location of eigenvalues and eigenvectors, and the system time re-
sponse are generally the prime consideration. After these objectives
are satisfactorily achieved, secondary design objectives are considered.
These secondary objectives include feedback gain reduction, minimization
of closed-loop system sensitivity to modeling errors or parameter varia-
tions, and noise suppression. The spectral assignment design procedure
achieves a satisfactory control design by selecting an appropriate set
of eigenvalues and approximating a desired set of corresponding eigen-
vectors. The eigenvalues determine the rates of decay of the various
system modes while the eigenvectors determine the relative contributidn

of each mode to the different system states and outputs. After a satis-

factory time response is achieved with an initial eigenvalue and eigenQ
vector assignment, the secondary design objectives are considered. The
freedom available to select the eigenvectors often provides a means ;q
drastically improve these secondary design objectives while only s1fght-
1y modifying the initial eigenvector assignment and thus the time re-
sponse. This improvement is accomplished by modifying the eigenvectors
within an area local to the original assignment. The direction and
magnitude of the eigenvector modification is determined by a gradient
search procedure as discussed in Section 2.6.
4.2 Design Procedure for Full-Order System Models
A computer aided design package written by Marefat [11] currentTy:'

exists and is illustrated in Figure 4.2. The software package consists
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Spectral Assignment Computer Software Package Organization
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of several special purpose subroutines that are accessed by the main

control program. The subroutines may be entered in any order to imple-
ment specific design objectives according to the design philosophy in
Figure 4.1. The system description (i.e., A, B, C) is entered in Mode
1. An arbitrary set of eigenvalues is assigned in Mode 2, which then
formulates the allowable subspaces for the eigenvectors., The desired
efgenvectors are approximated in Mode 3 by projecting them into the
allowable efgenvector subspaces. Mode 4 allows the system designer to
observe the time response for various initial conditions and system
fnputs. The fnitial design is then improved by alternating between
Modes 4, 5, 6, and 7 until a compromise between primary and secondary
design objectives is achieved, Modes S, 6, and 7 hodify eigenvector
components, reduce feedback gain, and reduce system eigen-sensitivity,

respectively, using gradient search procedures.
4.3 Design Philosophy for Reduced-Order System Models and Observers

The design procedure discussed in the preceding section is useful
for systems where full state feedback is feasible. Another feature of
the procedure is that it assigns all eigenvalue and eigenvector loca-
tions. A system designer is often satisfied with several open loop
efgenvalue and eigenvector locations in a large system. The reassign-
ment of the remaining eigenvalues and eigenvectors is better accomplish-
ed using a reduced-order model that contains only those eigenvalues, due
to reduced requirements for computer time and memory. Also, 1arge sys-

tems typically have fewer indepenéent outputs than states. A full state
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feedback.design is implemented in this case with an observer system.

The obsefver estimates the system states in order to implement the feed-
back control law, Since some of the states can be obtained from the
outputs, only the remaining states need to be estimated with an observ-
er. A reduced-order observer is desirable in this case, It is designed
using le;s computer resources than a full-order observer, 'Also. less
hardware is required for implementation of a reduceq-order observer,

A désign philosophy that uses reduced-order moé@ls and reduced-
order observers is illustrated in Figure 4,3. In order to design a
control system using spectral assignment with reduced-order models and
reduced-order observers, a deﬁigner must have knowledge of a desired set
of system efgenvalues and eigenvectors. The original open loop eigen-
values and eigenvectors are compared with the desired efgenvaluesﬂadd'
etgenvectors. A decision is made as to which of the eigenvalues and
associated eiqenvectors are satisfactory and which need to be reassign-
ed. The spectral assignment design procedure is used to assign the.
desired eigenvalues and approximate the desired partial eigenvector as-
signment using the reduced-order model. Error between the initfal
efgenvector assignment and the desired eigenvector assignment is then
reduced by a gradient search. Next, the resultant reduced-order feed-
back matrix is transformed to the full-order system,

If all of the states are simultaneous!y available for measurement,
then the full state feedback matrix is implemented. However, if some
states are not available, then a reduced-order observer is designed.'

The efgenvalues of the cbserver are assigned to be slightly more
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negative than the dominant eigenvalues of the closed loop system design.

. This is done to ensure that the observer can respond quickly enough to

follow the states being estimated. Theoretically if the observer eigen-
values are assigned to be very large negative numbers then the observer

will provide a better estimate of the states. However, this is not done
in practice because the observer then acts like a differentiator and is

very susceptible to noise.

This philosophy and the synthesis methods described in Chapter 3
are used to develop an extended design procedure that exactly reassigns
an arbitrary subset of the original system eigenvalues which are 1n;lud-
ed in a reduced-order model. A partial efgenvector assignment is then
approximated for these eigenvalues. This control is implemented with a
reduced-order observer if there are fewer system outputs than states. A
contribution of this thesis is that the reduced-order design and imple-
mentation are accomplished with the knowledge that the eigenvalues and

eigenvectors not included in the reduced-order model remain unchang- .

ed,

4.4 Design Procedure for Reduced-Order System Models and (bservers
The computer aided design package written by Marefat has been modi-
fied as illustrated in Figure 4.4, An additional mode (Mode 9) has been

added to incorporate the use of reduced-order models and reduced-order

~ observers in system design, The full-order system description is enter-

ed in Mode 1. If a reduced-order model is to be used in the control .

system design, Mode 9 is entered, Otherwise the design procedure coh-

‘«,\_«\_ﬁ
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tinues as described in Section 4.2.

A flowchart for Mode 9 1s shown in Figure 4.5. Several of the
existing program subroutines including Modes 2, 3, 4, and 6 are called
from Mode 9. Three new subroutines are also called from within Mode 9.
These subroutines are described in Sections 4.5 and 4.6.

After Mode 9 is entered the reduced-order model is formulated.
Mode 2 is then called automatically and the reduced-order model eigen-
values are assigned, The designer is.now prompted to enter the desired
partial eigencector assignment for the full-order system. An initial
eigenvector assignment is calculated from the reduced-order model using
equatfon (3.24) and the assignment is approximated using Mode 3. A

gradient search is then initiated in order to decrease the error between

. -~

the desired and actual partial eigenvector assignment. Upon completion . -
of the gradient search, the reduced-order model feedback matrix is cal-
culated and transformed to the full-order system coordinates. A re-
duced-order observer is formulated next. Eigenvalues and e1genvec§ors
are assigned to the observer using Modes 2 and 3. Finally a time re-
sponse is calculated and displayed for the combined system using Mode 4.
If the designer is not satisfied with the time response Mode 9 is re-
entered,

Two portions of the above design procedure required an extensive
programming effort. Calculation of the cost function used in the gradi-
ent search is described in Section 4,5 and the gradient matrix calcu-

lation 1s described in Section 4.6.
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4.5 Cost Function

The cost function J that is used in the gradieni search routine
is a measure of the error between the actual and desired partial eigen-
vector assignments in the full system model. Calculation of the cost
function is accomplished in two parts. The actual partial eigenvector
assignment is computed first using a subroutine called VACT. The actual
partial eigenvectors are then used to compute the value of J in a sub-
routine called ROCOST.

A flowchart illustrating VACT is given in Figure 4.6. The actual
partial eigenvector assignment is denoted by ;11 and the eigenvector
assigned in the reduced-order modei is denoted by vli' This is consis-
tent with the notation used in Chapter 3. The partial eigenvecter as-
signment 711 of the full order closed loop system that is obtained by
assigning Vli in the reduced-order model can only be detgrmined:éftér
all reduced-order model eigenvalues and eigenvectwrs are assigned and
the feedback matrix F is computed. The top half af equation (3.23) is
given by L

-l
V= [Vqp + Vo [1-8,]

BZF]vlﬁ" (4.1)

For a real eigenvalue the subroutine computes ;lﬂ using equation
(4.1). If the eigenvalue Ay is complex the calculiation becomes
slightly more involved. Separating equation (4.1) ¥into real and imagin-

ary parts yields
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- -1.\ ~ .lA -~
Voo =[Vi V. (A, I-A)7 BRIV, -[Vi, (0, 1)TUBFIV,. (4.2)
Lige - 117124 05702 2 Mg T2 2" Mgy
and
- ' -la ~ -lf\ ~
Voo =[Vo W (A T-A)TTBRIVL, . [V, (0, 1)TUB BRIV, . (4.3)
Ly 117125720 27 T 2 Mg,

Equations (4.2) and (4.3) are used to compute partial eigenvector as-
signments for complex eigenvalues. The actual eigenvector assignments
are then used in subroutine ROCOST to compute the value of * J.

A flowchart illustrating ROCOST is given in Figure 4.7. If the
desired partial eigenvector assignment is denoted by o and the actual
partial eigenvector assignment is denoted by v, then the cost function
is calculated by

J+z (4.4)

2
(vie=vy ).
i ij Dij ij
where “ij are arbitrary weighting constants. The weighting constants
determine the relative penalty between the eigenvector component érfors.
For example, if one eigenvector component has a much larger weighting
constant than the others, then an error in that component receives a

much greater penalty than other component errors.

4,6 Cost Function Gradient
The cost function gradient matrix is computed in subroutine ROGRAD,

A flowchart illustrating ROGRAD is given in Figure 4.8. It is seen from
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equation (4.4) that the cost functon J 1{s a function of the partial
eigenvector assignment V. Hence, it is also a function of the desig-
nator matrix X which is discussed in Section 2.6. By computing a
gradient of the cost function J with respect to the elements of the
designator matrix xij, it can be determined how to vary the designatof
matrix in order to reduce the cost function and therefore the error
between vp and v. Recalling equation (2.80), the gradient matrix is
defined to be

3
axij
[GR],; * o, (4.5)
R -
II--—ax I
1§
Solving for aJ/axij gives
v =V
pq
2. 2ape (Vooevy ) a(——29), (4.6)
3’(13 Pq Pq axij
Since vy is a constant valued matrix,
v
_.?_\l_ s ¥ V4 qpq (qu-vD ) -_g.q.- . (4.7)
Xy Pa Pa X,




OF POOR QUALITY

To evaluate 37Lq’3x13- q fs substituted for § and the subscript 1
fs dropped in equation (4.1) to yield

Vo = [y sz(*q"“z"lﬁg?1°q- (4.8)

- th — — ’
- th 3 i
S::ce qu is the p~ element of vector ¢ then aqu/ xij s the

p element of avq/axij. Solving for avqlixij. then gives

av Vo4V a[FV ]
av ) -
= vy =+ [V ,0 1-0) 800F —L+ —2£ 71 (4.9)
ax, «< q ax ax., 9§ .
J ij ij

In order to evaluate a?/ax,j. equation (2.73) is modified to be

Few? (4.10)

and the element of § 1in the pth row and qth column is denoted by

f hat
pq so tha

~el
qu = Rp[w][v ] Cq. (4.11)
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OF POOR QuaLiiy
Rp is a row vector with a one in the pth colunn and zero elsewhere and
Cq is a colunn vector with a one in the qth row and zero elsewhere,

so that

of 1
PG g [2M_ G 4y od ] C.. (4.12)
ax P tax X, 9
iJ iJ A ]
Solving for aw/axij yields
oW 3
—— B rns [w1’ seey wk]. (4‘13)
axu 3XiJ
From equation (2.68),
Therefore
aX X
M ['[Mh] S (M, 1 X (4.15)
BXi.j axij K axij
Noting that only the jth colunn of X is dependent on Xij’
2o 0, [-M. ] 3X,/3X,., 0 0] (4.16)
9 ey ) ~-A. j ij, 9 essey . .

3XU 1
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Furthermore, only the {th row of xJ is dependent on xij' It is

easily seen that axj/axij is a colunn vector with a one in the ith row
and zero elsewhere, Hence, equation (4.16) is written

20, ch 0, [#50 0, ., 0] (4.17)
axij '

where ['st]‘ denotes the ith column of ['ij]' It is noted that

-1 ~ Y A
W . fa AV ga (4.18)
oy, Xy
and
PRABPRNLIEEY AR A (4.19)

Since only the jth eigenvector is a funtion of xij’ it follows that

N v .
3 ‘
‘-"v'-"s [0. sssy O’ "“'_'1 » o. LI Y 0]. (4.20)
axij axij -
Substituting from equation (2.77) gives
al
— = [0, ..., 0, [N, ] 3X,/3X,., 0, ..., 0]
ax Ayt T
iJ
= [0, ..., O, "N j]i’ 0, ..., 0], (4.21)
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1th

where [N, ]. denotes the column of [N, 1. To evaluate 3V _/aX..,
A A q’ "4y

equation (4.21) is postmuitiplied by cq. Similarly, to evaluate
aqu/axi, equation (4.9) is premuitiplied by Rp. .
Hence, it is shown that the partial derivatives are computed by
selecting appropriate rows and columns from the [NA] and [MA] matri-
ces. This reduces the calculation of the gradient matrix [GR] to a
bookkeeping operatinn easily implemented in a computer program. It is
not necessary to numerically approximate a derivative quantity. Sub-
routine ROGRAD computes the cost function gradient matrix using this

procedure,
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CHAPTER 5

DESIGN EXAMPLE

The design procedure described in Chapter 4 is {llustrated in this
chapter by an actual design problem, A controller is designed for the
1ateral axis model of an L-1011 aircraft using a reduced-order model and
a reduced-crder observer, The resulting design is then compared to an
output feedback controller designed by Andrey et al. [16]. It is shown
that the design procedure presented in this thesis is a viable tool for

constant feedback controller design,

5.1_ Original Lateral Axis Model
The lateral axis model of an L-1011 aircraft is used as the orig-

inal full-order system model. The state vector x 1is given by:

Yaw rate (Radians/second)

b3
—
L}
-
"

Sideslip angle (radians)

>
~
"
™
"

x
w
L]
©
[}

Roll rate (radians,ssecond)

Bank angle (radians)

*x
&
"
©
[}

P
(3,
]
O
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Rudder deflection (radians)

Aileron deflection (radians)

x
o0
)
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Washout filter state.
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~
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Rudder and aileron deflections (states 5 and 5) produce changes in the
yaw rate, sideslip angle, rol) rate, and bank angle {states 1-4). The
coordinate system is {llustrated in Figure 5.1. Under certain con-

ditions yaw rate is equal to the derivative of the sideslip angle with
respect to time while roll rate 1s equal to the derivative of the bank

angle with respect to time. The washout filter is a high pass filter

for the yaw rate,

The A, B, and C system matrices are given by

-0.154  1.58  -0.0042 0 -0.744  -0.032 O
~0.996 -0.117 -0.000295 0.0386 0.02 0 0
0.249 -5.2  -1.0 0 0.337  -1.12 0
As=| o 0 1.0 0 0 0 0
0 0 0 0 -20.0 0 0
0 0 0 0 0 -25.0 0
0.5 0O 0 0 0 0 -0.5
0 0
0 0
0 0
B=1 9 0
20 0
0 25
L0 0.
"1 0 0 0 0 0 -1
cf0 9 1 0 0 0 0
O 1 0 0 0 0 0
0 0o 0o 1 0 0 O

The system input,

u, consists of components
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- ’ y =8, * Rudder command (radians)
and " "

u =46 = A{leron command (radians). .

ac

The open loop eigenvalues of this system are:

Als2 -0,08819 ¢ j 1.269
As = .1,085

Dutch roll mode

Rol1 subsistence mode

A, = -0.00965

Spiral mode

Ag = -20.0 - Rudder mode
Ag = -25.0 - Atleron mode
A, = -0.5 - Washout filter mode.

The open loop system time response is shown in Figures 5.2-5.8 for zero
input and an initial condition of ¢(0) = 1 degree. After ten seconds
the system states are still oscillating and the bank angle ¢ has not
yet reached zero degrees.

It is known that a desirable eigenvalue assignment for the system

is

-

Aisp = =152 315

and

? ' Aan‘ = "2.0 + j 1-0.

When the roll subsistence mode A3 and the spiral mode A, are a com-

(%)
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plex conjugate pair they are collectively referred to as the roll mode.
It 1s also known to be desirable for the roll and dutch roll modes to be
decoupled. This decoupling is accomplished by the eigenvector selec-

tion:

.
-
L]

e

1 X 0 0
X 1 0 0
v |o o vvi= x| . vl
- . V., = . = X . = »
1 Ix 2 |x 3 1x 4 1x
X X X X
[ X _X- _X_ | X

where X denotes "don't care.® Andry, Shapiro and Chung [15] closely
approximate the above eigenvalue and eigenvector assignment for this
system using constant output feedback. Eigenvalue/eigenvector assign-

ment techniques are used to design the constant output feedback matrix

3.35 -0.159 -4.88 -0.379
1.42 2.38  -6.36 3.8 :

The closed loop time response is shown in Figures 5.9-5.15. The closed

loop éiqenva1ues of the design are

Aay = -1.052 & § 1.497
Ags, = -2.001: § 0.9995
As = -17.05

zg = .-22.01

A7 = -0.6989.
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The first four components of the first four eigenvectors ‘are:
1 -0.0029 7 j 0.0012
v o | 0.03066 + j 0,3488 v | 0.0045 = j 0.0053
1,2 -0.0036 * j 0.0004 ’ 3,4 1 :
0.0013 = j 0.0011 -0.3999 * j 0.2000

It is‘noted that b& using constant output feedback that the four eigen-
values A; -1, are placed almost exactly and that the roll and dutch
roll modes are decoupled. However, the other eigenvalues (Ag - A7) are
also moved by the design. The design procedure described in Chapter 4
is now used to formulate an alternate design that exactly places A} - Ay

without changing A5 - 1,. Eigenvectors for i, -2, are also assigned

to achieve roll and dutch roll mode decoupling. This is achieved with- .

out modifying the eigenvectors associated with Ag - x,. Furthermore, =

this design is done using a reduced-order model to specify a constant
feedback matrix for the original full-order system. The full state

feedback matrix is then impleménted by dynamic output feedback.

5.2 Reduced-Order Model Design

Since the open loop values of Ag - A, are known to be desirable,
and the rudder, aileron, and washout filter states are unspecified, no
reassignment of these modes wii] be made. Therefore, they are not in-
cluded in the reduced-order model. On the other hand, A; -1, are to

be reassigned and are included in the reduced-order model, The full

order system matrices are transformed by equation (3.3) and partitioned =

- o o ancr e e



e N ST, o 2 3 AT bt i v .
i il TV

s T . e Wi e e N . i bR S

97

as in equation (3.5) to yield the reduced-ordet model system matrices

-0.08819 1,269 0 0 *1-1.706 -0.02580

A= [°1.269 -0.08819 0O 0 g, =| 0-3961 0.06988
1 0 0 -1.085 0 * "171-0.2772  -0.2878
0 0 0 -0.009165 -0.2698 -0.1528

Spectral assignment synthesis methods are then‘used to assign the eigen-

values

My ==1.5%31.,5
and

As,‘. = '2.0 k4 j 1.00

A partial eigenvector assignment that achieves roll and dutch roll mode - ;

decoupling is given by

6 2 ;

i tj .

V1,27 0 » V34° 20 |
. 0 83 j4

An initial attempt is made to assign the eigenvectors using equation

(3.24). The partial assignment in the full order system is found to be

19.44 t § 0.33 -0.10 ¥ § 0.04
v. o | 6.76% j7.25 v. < | 0.08%jo0.10
1,27 | 1.06 % j 0.10 * 3,47 | 20.20 ¢ j0.11
-0.42 + j 0.64 -8.54 % j 3.91

R A b ¢ e et 8 S s,
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The gradient search routine described in Section 2.6 is now used to
jmprove the initial vector assignment. Elements of a weighting matrix
aré entered into the computer and a value is calculated for the cost
fucntion J using equation (4.4). A cost function gradient is calcu-
lated as in Section 4.6 and the initial eigenvector assignment is varied
to reduce the cost function. The weighting matrix is varied to increase
or decrease the relative importance of each eigenvector éomponent and
the gradient search is continued. This procedure is repeated until a
satisfactory improvement of the initial assignment is achieved. In this
example the final partial eigenvector assignment in the full system

model is given by

19.45+ j 0.34 -0.10 7 j 0.04

Vo .= 6.76 £ j 7.25 V. .= 0.08 + j 0.10

1,2 0.45¢ j 0.33 * 73,4 ] 20,20 j 0.11

-0.07 £ j 0.68 -8.54 ¥ j 3.91

The vectors are scaled to give
1 -0.005 ¥ j 0.002
Vo .= 0.35 % j 0.37 Vo .= 0.004 £ j 0.005
1,2 0.02 + j 0.02} °* 3,4 1 :

0.003 £ j 0.04 -0.424 7 j 0.191

It is seen from the above vectors that the roll and dutch roll modes
have been significantly decoupled. The required gain matrix in the

reduced-order model is given by

]
!
'
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Fe| 1.319 -1.650 - 0.169 -1.724
-3.854  0.583 -5.810 31.18 |

The constant state feedback matrix in the full order system {s computed

using equations (3.9) and (3.10) to be

T« 366 -313 -0176 -0.372 -0.137 0.003 ©
1.54 -6.03 2.70 4.35  -0.008 -0.120 o}°

In order to implement this full state feedback matrix, an observer {s
now designed by the procedure described in Section 3.4. The observer

eigenvalues, 101. are selected so that
101 = .5 Ao2 * -6 , A03 = .7,

This selection makes the observer modes faster than the modes contained
in the reduced-order model. The observer eigenvectors, V01. are arbi-

trarily assigned to be

| 1 0 0
Vo [0 . vy, =|1 Vo3 {0} -
) o2 ol Vo3

The observer matrices are then calculated to be:

-5 0 0
E= |0 -6 o],
0 0 -7
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g a[0.287 -0.029 -283 -0.372]
0184 0710 -17.1 4,35 |

G=]-42.2 -83.7 657.6 -0.116 |,
-5.29 -0.035 48.5 0.270

20 0
W= 10 25]{.
0 0

The observer §s now used to implement the full order system feedback

[-89.2 2.35 -17.8  0.124

and

matrix F. The closed loop time response s shown in Figures 5.16-5.25.

It s shown that the response of the yaw rate and sideslip angle for

this design are more desirable than for the previous design since there '

is less disturbance and faster settling time for both states. On the

other hand, the roll rate and bank angle responses are almost identical

for both designs. The controlling surfaces and washout filter states

are all well within the physicé] limitations of the system. This illus-

trates that a viable constant full state feedback control system can be

designed for a large system using a reduced-order model and that this

feedback design can be successfully implemented with a reduced-order

observer,

5.3 Summary and Concluding Remarks
A new design procedure for the control of large systems using re-

duced-order models, reduced-order observers, and spectral assignment

techniques is presented. A reduced-order model is formulated containing

"""“*Mw\a;v-ﬂ
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eigenvalues of interest from an original full-order system. A conctant
state feedback matrix is designed for the reduced-order model that, when
implemented about the full-order system, reassigns the eigenvalues con-
tained in the reduced-order model while those eigenvalues not included
in the reduced-order model are retained in the full-order system. It is
then shown fhat the full state constant feedback matrix for the original
full-order system is implemented by a reduced-order observer if all of

the system statés are not simultaneously available.

e e i

W tm e Ao e e



e 2 W U S SN

I

(1]

(2]

(31

[4]

(sl

(6]

(71

(8l

(9]

(10]

REFERENCES

P.I. Carraway and R.R, Mielke, "Spectral Assignment Using Reduced-
Order Models," Allerton Conference on Communication, Control, and
Computing, Vol. 21, October 1983.

D.J. Luenberger, "An Introduction to Observers," IEEE Transactions
on Automatic Control Vol. AC-16, No. 6, pp. 596-602, December
1971.

S. Srinathkumar, ”Eigenvalue/Eigenvector Assignment Using Qutput
Feedback," IEEE Transactions on Automatic Control, Vol. AC-23,
February 1978.

B.C. Moore, "On the Flexibility Offered by State Feedback in
Multivariable Systems Beyond Closed Loop Eigenvalue Assignment,"
IEEE Trans. Automatic Control, Vol. AC-21, October 1976.

H. Kimura, "A Further Result on the Problem of Pole Assignment by
?ut;ut Feedback," IEEE Trans. Automatic Control, Vel. AC-22, June
977.

E.J. Davison and S.H. Wang, "On Pole Assignment in Linear Multi-
variable Systems," IEEE Trans Automat1c Control, Vol. AC-20,
August 1975.

R.A. Maynard, R.R. Mielke, S.R. Liberty and S. Srinathkumar, "A
New Spectral Synthesis Procedure for Multivariable Regulators,”
Allerton Conference on Communication, Control and Computing Vol.
16, October 1978.

R.R. Mielke, R.A. Maynard, S.R. Liberty and S. Srinathkumar, "De-
sign of Robust State Feedback Controllers Via Eigenvalue/Eigen-
vector Assignment," Asilomar Conference on Circuits, Systems and
Computers, Vol. 12, November 1978.

R.A. Maynard, R.R. Mielke and S.R. Liberty, "Eigenvector Assign-
ment for Noise Suppression," Southeastern Symposium om System
Theory, Vol. 13, March 1981.

T.M. Owens and R.R. Mielke, "A Spectral Assignment Gaim
Xod1{1fg§%on Procedure," Southeastern Symposiun on System Theory,
pri

i e ey N s & A L



[11]

(12]
(13]
(14]

(15]

(16]

113

R.R. Mielke, L.J. Tung and M. Marefat, "Design of Multivariable
Feedback Controllers Via Spectral Assignment ," Progress Report,
gASA f;ggt NSG-1650, 0ld Dominion University Research Foundation,
une .

L. Zadeh and C. Desoer, Linear System Theory-A State-Space
Approach, McGraw Hill, W%'FF.J:T%T"—L—‘_L
T. Kailath, Linear Systems, Prentice Hall, Englewood Cliffs, New
Jersey, 1980,

W.M. Wonham, “On Pole Assignment in Multi-input, Controllable
Lirear Systems,* IEEE Transactions on Automatic Control, Vol. AC-
12, pp. 660-665, 1967,

M. Marefat, "Design of Multivariable Feedback Control Systems Via
Spectral Assignment,* Master's Thesis, Department of Electrical
Engineering, O01d Dominion University, Norfolk, Virginia, In
preparation,

A. Andry, E. Shapiro and J. Chung, “On Eigenstructure Assignment
for Linear Systems,® Technical Report, Lockheed California Co.,
Burbank, California, 1982, ,



; J
;5 APPENDICES
Appendix A contains a software listing of the modifi-
cations to the spectral assignment computer aided design
package discussed in Chapter 4. This is followed by an
exanple of an interactive design session in Appendix 8.
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APPENDIX A: SOFTWARE LISTING

S INE LY

C FICTIONT VN RIECTEE FOR CONPIIENT BUDITICAS UM

C-INSL RUUVINGS CALEDT IRKSEoUSN.

C SPECTRAL ASSTENIENT ROUCILTBE ROGRAD RUCHST e BLARCH BIETLAT VAT o
C-LUGILAL BEVICESS tRFUT twill 3 ourEuL wmitss

[

s

BTORAMIE URTTCSHE T1N200 TU208S TAPE olelihe tHT2201N81 L
INCEGER (R UL, ILRC(TO)
COMY EX WETUU10)02(10,10)
RUAL LRIRECSO) S LICRICLOI o MIICE00 101 eI G(102 £0) s UDES( 500 104
REAE M ANSCID 10D eV TE30) ) VAIRV( K0 10) ol AN L0 10D o BLAN( 105 10)
REAL AMAMILCIOLI10) oA ANS2(10, 100 M ANZICLI0410) e AL ANITC10010)
REAL MCLO0300FTILEC100 10 eFTIL2(105200,LC50,10).EUDS(L0+10)
RUAL MLANICI0:30):CLANICR00103,CIARII0, 100 FLANIIO. 20D

C KANRION ALESE FITERE SYSTRAFUEXX WHEKE XX=2000 +CURRNS

Ce882839885563288 ENTER GRIGIRAL EI0GENVECTIRS

“v

a1

~1%

A

REAL ALC10010):8010:10) L1 ARI10:102:MINVI10,10)

REAL XX(10030)eVAI0DECI0I X0 LRUTL0) oL INC10D W01 10)
REAL ¥(10010)0U(10¢102 e VIRVI10: 10090 (10:10) s AHATIIVL10)
RUAL ACL10+1039BC10.1032CC10010) oMLARTACL S0)
COMNON/SYS /AP Lo ZERD TDUT s NS M1 o RO
LORNEH/ME/F A EZ7ETON.RE «LIN/TGR/AL /(70
CUNNDN/VEL/VALE s X WTo W e XX e Vo VINY
CUNATN/RUZISITRN » VT UF 8 > VRE B0 PLAND « LRURE » L TUKEH » AL ANZZ
DINKRSIUN CHARC2)

EXTERRAL ROCUST s RUGRAR) BONED ¢ RODE S HODE 4

AL IXKHEFCI L EVIR D)

UPERCFILE RINMFD® s ARCTSR=*BIRFC T o REQL #1020 N Yo 320
IU~20

REARCIU e REL=1)NS e MT o N1« 1D 00 ZERD
RUARCIGeREC I CLACTI ST S) o D001 o NB ) e I Tl o N3)
READCIURECoIICAR(IT e S A o S0 g o RI Do BTl NSD
READCIUeRECTOICCCITR e I o T Mg o NS ) e LT w o 000D

WRITE(S.8)

FORKAT(1X, 41H WANT T ENTET NEW ORIGINAL ESQENVECTORSY)
READ(Ss 030K

IF (KK LE.OXHC O &5
ot .

BRITEIAS)S

FOGNAT (OIENTENR GRININAL EIOENVELTOR Vel2)
REARCS: 81 (UICFo 1) oVTCED o To T NS

CHEESTrO,

BU 40 I~i.NS

CILSI=CHIESTIVICD 882

CONTIRE

I CCHIFST.UE.0.)G0 1D 52

DO A 1-1eNS

VOCT e J4138VTCE)

COMFAE

Ju g

Jenig

1 CILE.MI00 10 P

WRITL (32, RELeICEVNCTTe TD) o RIwt o MS) o THu 12 W3Y
roNT IR

MLABCSZ TP I GOV T D e Ddot o b5 ) o REo R obt3D
PRITE (S RELPTICCVBCTTeRIY oL bve o MS) ¢ REmT0lE)
CALL JSHENIPHY BATRIXE Vol 10:K3NS0 4)

WHETT (8ot )

FORNAN (S X, SUBIGH 10 CHANRE ALY VALLES OF VT)
REANCH+$IRN

10 CKRLLE.0)0D 10 418

e ML e s e man e W o A o N S A A A S0 Cr e — . . . PRSI P

URITELL0414)

434 FOKMATUIX 2NIENTER Rode R NIV VALIN)
READC(S e8I Do fe V(109
G () A4S

CE20888802508  FRANSIURN BYSTER BY MbAL K.IKIX 88 188488
AFS CALY LIV SV 50 $O. VO T TIGT o Wt KT A0s 1T KD
[ 3

rAUSE &

c CALYL U NCAIVOIRVE 2 A VIRV 1OV RG 1RG0 4)

c
C
[ 4
[

c
[ 4

CALL VMR FV(UDINV Ao G e NGNS 104 10U LU 1".“)
CALL VIRREFE (U VO REsNSoNhe 10010 AL AN 100 IER)
DU 414 K=Pollh
DU 6146 J=F¢RK
AULAL sARS (AL AN 1))
I CABSAL L T ZERDIALANC X o LI ~FLUAT(0)

458 CONIIERN
patise 2
CAl b USSHTFNISHALANS ¢ SeALAN 10 RS HS 4)
l‘.::,lsr\'l;lfl"manUORSoKSJKlrlD-lOnﬂMnlelERl .
CALL USHFNCHIBLAMI » Sy BLAMI0/NE NI 0 4)
CALL. VIRILEF (U)o NI NS RS0 100 100 CL AN 100 TER)
FAUST 4
CALYL USWHCOSHULANE 1 S0 C1LAN 10:X0.N5.4)

;8930288382338 PARIIIION TILDA BYSTEN 88

N 400 I=1.M0)

DUt AGO JS=isNTY

A AL (e Dl ANCT.D
400 CUNTINGE

DU 899 I=1+NS

DO S99 JrilltS

IFCCLGT N « ANR €0 0T NG ) IALANZZCE -0 0 ST ) o ALAMC K 0 8)
S CUOMTIRE

VO 4063 I=1.08D

BU 601 J=ioMY

BLAKILD o JI=BLARCIS)
401 CUNTIRUE

M) 402 X=1.MD

DU 402 1K)

CLAHI (T e J)=CRANCT 0 3)
402 CONTINGE

C283383835820888 DISPLAY RO NODEL &%

C88888883¢8332 [LAPURARILY STORE ORIGINAL BYSIEM

WRETE(6,004)

804 FORRATCIX  2NRMTHEN TO DISPLAY RO NODELY)
READCS» 8)XK
IF(AKJALEOMOD TO 603
UREL(S0403)

403 FORRAT(IXe/// 0200 REMKED ORDER MODEL//)
CALL USEHYHITIMATRIX AoV ALANLIL:10.N0:N0 4)
CALL USErM(PHMATNIX BlePeB.ANL,10/N0eNT4)
CAl L UGHFRIPIARTRIXN CLsPsCLANL o 1O DN 4)

B0% URITE(I2oREC=ING 3K o ND
URITE(IZRECSSICCACIE o L 0) o T Iml e NG o L Lo o NTI)
WRITE(SZIREC-AICIBCITaES) o I Imi o N1 o R Y=L N5)
URITE(IRECoII CURCTL e 1D o LI, RS I o R I=10000))

C88888888 STORE RU NOIFL INTO FILE 620 88838288 £ 2}

e L )

. e

cae
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Bt

PR

AT (TR

Csassss8se

C388838 GO TN NODE2 ANR SSIGN EIGENVALIES FUR RU BYSTEN 88888988

WRITEC0 4 'Cnt IO o T o K030 THGT o ZLRO
BRITECDQOMREC2ICCALANLICTT o1 S) ¢ DowloiO) o ET =l e NU)
MRITECIOIRECSS) COBLANLCITo T o R InEoMT ) s RT01 o NOY
MRITEC2OSREC®43 CCCLANI(TIT 1) o T 310N e 11wl N0)

URIfLCErA04)

404 TORKAY (1Xs 18C1HE) e 34H REDUCED DRIR CIGLUHVALLE ASSIGNIENT37CIHS)

C888888  FAIUR DESIKED PARTIAL EIGLHVECTOR ASSIRTINT 8888088t

6US | ORMAT (I AANIER RLSIRED PARTIAL E1OENVLEIOR

CALL W2
WRITE (Av40%)

Ju1

$09 CROECA14048)0
AGS FURMA: (1) ] IR TUENVECTUR VoI2)

REAVLS-BHEVIELCT e B oV TCE Dy I=L o EMD
EFCARSCLINCD ) LT ZERINGH 10 4080
M) 407 I, N0

VRESCIe S 1)eVICE)

402 LOHTINUE

NURES)

600 J=Jtl

ITCJLE. NGO TO 409
CALCWE AT AND BISPLAY INITIAL (ARS8

LSRR NE Y

PO 410 L=1,N0
ne 410 J1.N0
Gl I=VOLT D)

410 CORTINGE

[
c

C383882822888  ASHIGN INITIM. EIGENVECTOK GUESS

0o0hn on

618 FORMATUIXsAPHISE THE FOLLOWIKS ¥ NATRIX FOR INITIAL ASSIOMMENTe/.

c
a1

CALL LIRVIF (01 NO¢ SO:AHAT ¢ IDGT o WNAREA IER)
FRUSE %

CALL USUITM(7HVILINVE o 70 AHAT 2 10,00 M0 4)

CALL VIR FF (AHAT s VBES s O N (00 10010085 102 IER)
WRITECL418)

129H REMENRER WHICH V ARE CINPLEX)
CHAR(1 )= INLTTAL GU*
CHAR(2)=*ESS FDR VI*

CALL HEWRHCHAR e 20 Go 10080 NG 4}

CALL KUDES

U=20

READ C(IUIREC=1) NSoN1 200 1B0T . ZERO

READ C(IUREC=2) (CACIToT0) eI nteliB)oLleg 08)
READ (JUIRECeZ) ((BUEIel. D)oL=t NL)slTe2eNT)
READCIURELA4)(CLCITe 1) e Rivh o N8I I1uL o 00D
FAUSE &

WRITE(4+810)

FORMAT(IXeI7HIHE FOLLOUING I8 RD RODEL AFTER NOBEY)
CALL USUERCZHAL e 20 A 10,05 NS¢ 4)

CALL USHE MR 2 2¢B: 10, NBoNT+4)

FAUSE 7

CALL UGUFR{2HEL 5 2080 10 ND 8S 1 &)

MY 210 FrieNS

IU=20¢4

CPEN CACTESS= DIREC T +RECL=202
1eUNIT= (I .

RUAD (IUeREC=1) LRECH LINGH

CONTINGE

st 8

P 212 I=loNS

WURITECAsRITITILRECLY L INCT)

FORMAT (1 X0 S10.ANBDA» T 20 IX e SHREM w0 F 6. 32 SX o SHINMIwoF 4. 33

B T i R

or =

[

[

BI2 CONTIIRE
WI=20I0S41
OFER (FILE~ CIRRNT * s ACCESS = BIRECT ¢ RE(L =162
SetNlferttl)
REAR CQUTIRECeL) CCVIITe2 300l dvloBii) e T 1m] o)
REAN (UL ML CmY) CUXXCERoR Do RIS oXSIoXTms, 01
READ (IS REC=4) (T (I12203c0. 020N 2222001
RLAR CTUT REC-S) (CRIATCIT I o1 e NS IXnLoNT)
CALL URMEE CHOBGIRIX © So 10V 10002005, 4)

CALL USHEN (LOHISMTKIX XX10100XXe 102N »NSe4)
FAUSE ¥

LHARCR ) < GAIN MalkI®

CIARC2 )0 X FE®

CALL USUEA CCHARCL40F s 10000 o NS0 4)

FAUSE 10

THARCY )= * RATKIX AHA®

CHAKC ) o T4

CALL USM'M (UHAR: 120 AHAT: 10NS, NS0 4)

RUADC 324 REC+2)URTGD . R1X ¢ HOX '
12=0R (G0 NS

CeE8882888  ASHILN WEIGHTING CONSTANIS FOR GRAPIEHT SCARCH 8288811

Ce8803838 CUUDULY GRAPIENT

C
C

P05 DO 70 IeieRS
PO 70 J~1eN8
AL Ts JInFLBAT(L)
70 CcoNtla
UR1TE(A, YY)

ERITECA,9)
FORMACCIX. 2000 W OHTING CONSTANIR)
CALL USUFR(BIRETERTSE oBe Al 0 50 NG, NTe 4)
Wltkige51)

13 FORMATCIXs 540 WIEH TO CHANRET)
READ (S.8) KK
IF (KK, LE.0) GO 10 30 .
URITE (4:3)

3 FORNAT (12478 MTER NEW VALUESS)
REAR (5:8) ((ALCTodirSotel0B)elo]olS)

BEARCH

99 FORNAT(1X:s2001H3) +27H RO EIGENVECTOR INFROUVENENT20¢108))
4

D ¥00d 40
11d TYNIDINO

-
4

]
‘

'1\“(

30 Cat L. RGLLSTICCS)
BRITE (4,82 CJ
4 FORRAT (1XsSHEUST=0E13.4)
tall ROGRAD y
CALL SEARTH(C 2 ROCUSY +RUGKAR ¢ 3)
MRETE CIUTIREC=1) CCVITTeE oSl oN3)e 120t o NS)

WRITE (IGTREC=2) (LTUIT LI TR ST ITe o R
URITE (IUTREC~A) (CFCIRel S TIo1o0S) oL Nl NID
WR1TE (TUTRECAS) CCABMTCITES) oL brd o) o 111 M5)
CALL USUFN CLOMMATREIX ¥ §010:Ve10:MSoKE 4D
cALL uacT
CALL USNTRCIONAATHEIX UFBedDsUFSe10/NS NS, 4)
WRITE(40904)

P04 FORNATC1X0 2A4HMANT T CONTINUE SEARCHY)
READ(S, $IKK
£ (KK GT,0260 10 o5
AT CAi902)

READ (5»8) K8
IF (AS.LE.0) 60 TO %03

RN . R O R L R P RRRPIRS SRRV SRS, 2 A

c
P02 FORNAT (1X, 4410150 TD BISPLAY THE NORNALIZES EICENVECTURST)

911
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R R Tl SoEn &4
o IR

s ™ v

R T e



P

A

c
703

[

. 2 masaliant NC SN U

CALL DUPLAY (NG, 20RD)

CONTIME

LALL USHN (LOMMATKIX XK1 2101 KKs 105H1 M5 4) . c s01 ‘,:":‘,g:""“;

K} - mw A

CHARCD Yo TRIX F1° c LALL USUFICLOMFAPFERTERT ¢ 100F s §0, HT «ORIGD, 4)
CAIL USWN CCHAR 14+ e 10+ NI oe NG e8)

CALL VIMULFF (F s VITUV o 8T s OR TG00 OR T 10,1
iy Riiene il (1.4 £ * GOs 100 100 &HAT 0 504 IER)

DO 702 Ja1.ORIGH

CHARCL ) ="MATHIX Alia®
CALL ELGRFCANAT NS+ 100 2oMELG s 20 10 NKARES o IER)

CALL USELVIBIL AN-GKAD BoNETU NS¢ 1+ 4) FULo ) =lAT (T 00)
CHAR(D)=*T3* 202 LONTHAK
CALL USHFN CCHARS 120 AHA T o 101NS o5, 42 PAUSE 12 )

C33880888 APPEHD ZEKUS T0 FEEUBAEK MATRIX ANR XFORN 10 DRIGIRAL €G CALL USINACIOHF XFURITEDS s 100F ¢« 10¢HT o DRICN. 47
DO 08 I=ioNT WRITEAS2 W REGHA) (CFCIX o EJI) 0 1 In1 o OKIEGD) o 2Tm 0 oHX)
DO 708 NI 10 ORLGY €

CALL USUEHCIN S o 20F ¢ 1081 s OKIGO 4)

C2288828¢ RUIRILVE URININAL SYSTEN DATA 8 STGRE F ”.lt..‘.
AYP READEIIRECHIING ) NT 4 HO

REABCAD(RECSIICCACTTo 20D s RIn1 ¢ RS) ¢ K1w1oN3)

L )=FLOATLO)

REAN(IZRLC=4) CUBUITo TN e 1o 1oNT ) o IR0l oS
READ(IZRECSIC(LCTI o L) s £.0=0 0 KE) o T 1wl o tit))

. "
REAUCAIRECEI CAF T e 1009 1Jo14NS) o Tl +N1) B3 o aiha. 1m0 To 624
CALL USHTN(SIN-AITe%oF o 10,0105 4) Tet acle )AL An (LY Shi0)
(1141 ” . 14 hed
Ce2ees8s2 CONUIE XFORS MATRIX M B MIEY  $3833353832280080 024 IFCCTINTLBT.05) . A2D. (I HO.0T 152060 1O o3
DO 703 Ief:NG .
PO 203 SeLeNS ALANZLCE o S) = AL ARCLE 2 SHED)
HCT 0 D) FLOATLO) 20% CONTIIG
IF (L FU. DN e D) =FLOATCL) c PAISC 40
IF O3 LE.NMDRCT 0 0=C( X0 3) < CALL USUENCTHATILEZS 0 2o AL AREZ0 1002 12, 4)
203 CUNTHRE [ 5 CALL USETMCZHATILDNE 0 70 ALAND 2 100 120 120 4)
CALL LINUDF (MolSe 10+ HINVe IROT s UKAREA . TERD B 704 Is§eR0
c PAUSE 13 B 206 Jr1.K1
c CALL USUFRCSHIMINVE » SoHTIV . 102050 NS0 4) BLANUCL s )R ANCE, 8
c CALL USEFNCIME o 20M0 10: XS 1S 0 4) EFCT IR0 LE S) BLAND (14 J) »BLANL X 4202, )
C2338898%  XFDRM SYSTEN AND F MATRIX 8 706 CONTLRE
CALL. UKILFE (Mo AR R318S0 100 100 AKAT 2 100 2EK)D DO 707 I=v.M0
CALL VITURFF CRHAT ¢ HINV  HS o S e 1S 109 160 ALAN 100 IER) By 707 bt.ND -
CALL VHULFF (Mo B NS M3 HIe 10210, DLAN 10, IER) CLAMI (e )=l aNCE,.0)
CALL VIRFF (CoRINV NI oHS NS+ 105 10, CLANG 104 TERD : FECINRDLE JNSILANZC S o SI=CLANC L o J1RD)
CALL VHULFF(F sBLIEI o HE o NS o MR e 100 10+ ANAT ¢+ 200 IERD 707 LontnaKE
N 848 I=1eRI . : DU 208 I=1,N1
N0 HAR Jr1oNS PO 208 Sr1.M0
FLAMCT o N =AHATC R 0.0) T OILLC e SI~AKATC L o )
48 CUNTIMNE FFCSENNLE.NSIFTIL2CT o 2=ANATC Lo IO
CE33352283  DISILAY XFORMED SYSTEM “"’g CUNT MR
WRITE(&s001) 8330088 THANSPUSE ALANI2 & ~ALAMI2 TO ALSION ORSERVER DYIAN
Y01 FOGHATC(IZ: 36K WISH TO DISPLAY TILDA SYSTEN?) URITECS 822N NO 1es
REANC(S $IKK H2L2 FORRATCIX B8 2 120 $Xo RBN= 0 12)
TFRK.LE,0)GO TO g0 NOPG=KS - NO
VRITECS.704) s RO 7209 I=51,00 .
704 FURNATCIX 201 SYSTEN XFORMED BY Ne/s/) DO 209 Je1.8028
c FABSE 13 ALANIZ(E e In-ALANIZCT 0 82
CALL USUrHCZHA TILDA» 2¢ AL AN 10 HS S 4D 7¢9 conrime
CALL USUFROIHR TYLRAC 7 o BLAMNS 1008811 0 4) . c FASSE 34
FAUSE 14 c CALL 15 K(ail-a muu!.nmw.no.m-m.u
CALL USUFNOIZHE TILDAC 2o CLAN 10080, KS e 4) « X

8o

CALL USUWHCTHALASZ28 ¢ 70 ALAKD20 100 10K ,N0BS» 4)

CALL USUFRCIHF TH DA 2 s AHAT» 10T (MR 4) CALL  TRANGS CALAND2 « XOBS ¢ RUSS)

C88823352398888  PARTITION THE SYSIEM  $3324882588898888 CALL TRANST (ALANS 20 N0 NOBS)
D 205 (=1eb0) c PAUSE 17 ) .
DU J0% S 1eRD c CALL USUFHCPH-OLANI2Y S« Po AL ANL2y 10+ KOBS M0, 4)
ALAMLI CLo J) mALANC Lo D) [ 5 CALL Wmalum-'zn.a.umzzuo.mns.ms.u
IFCTHM.GT. 560 (0 828 . IFCRDLLEHOBSIGD TO 63%
AL ANDECT 0 0) 2L AMCT §1M30 0D ’ . 1FLE=) .
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a

CALL USNFNCYH-ALANIT L o9+ ALANE 2+ 2109 NOBS . N0, 4)
WRITECA BISINONS

B3S FURNATC1Xs 21HYOU MIST SELECT UHICH 12,424 QUTPUTS WILL B¢ USED Tt

SFEED THY OBSE
BRI IE(SeH34)

B34 FORMAT(1X e ASHTHE OQUTPUTS CORRESPIRD TO CULIRING IXK -ALANI2T)
BI? URTTECS,835)

H35 FORNATC(1X,SOHSELECTIED COLUMHS WILL FORK & RATRIX THAT MUST BE NOW

LINGIR ARy 7/ SAHENTER QUTPHTS TO BE ULED (INTEGER))
READ S+ 22 CILRCED o Tl o NUBS)
Bl 434 e1eNUNS
BUO 034 I=1:NUB8
AHAT( T J)=ALANL2( T ILRCD)
axs concxme
CALL UGSWIMCAHR MODS e 6. AHAT 104 HUBS 2128, 4)
IEkn0
CALL LINVIFCAHAT 1 NOBS; 10:AL ¢ EDOT» WRAREA» TER)
JF (1ER.ET.127)60 TO a3y
NOX=NORS
€0 10 6845
831 HUX=RD
PO HIG L-1oNUBS
DO (38 Je1eN0
AHAT(T s DAL AL T e )
038 CONLINUE
845 LONTINUE

CEERBITX SIOGRE ALANDY X ALANID A A & B A CHANGE NG S3838888s
WRITE (20, RUL=1 DROES NIX o NORS ¢ I1DOT ¢ ZEK)
HRYTE(L00REC=2ICCALANLTCITo 10D o R =10 HOBS) o [T d o HON5)
WRITEO20)RECaD) CCAHATCIT e XD o X010 OX ) » Do § o NUNSG)

CI8e88t  AULTUN EICERVALAES AND EIGEHVELCTORS FOR OBGTRVER 33898388
CLOSE(CHIT= IUT» STATUB= "KEEP)

G 915 Y=L HO
Je L 820
CLOSE (MET= )
815 CONINUE
URIIE(S:710) ¢
710 FORHAT(AX»2001HEI +ITH ARSION EICURVALIRS FOR OBSERVLR, 10CINS
CALL HUDED :
Wik tae18)
788 YORMATCEXs IBCINS) o 35H ASSHNE EIGINVECTORS FOR UNSTRVER. 1411
ALl s
WRITE(4e 740D
235 FORBATCIX SUITUH TO REDUCE BALM FUR OBSERVERY)
KLARCS, $IRK
IF(RK.LE,0)0D 1)) 2384
CaLy MMES
238 COETHUE

CE228322 RETRANSIUSE AMLANDRD 3 ~ALANI2 & XPUSE F TO GEY L S288888888

NOX =TG- R0DS

DO 712 F=1,NURS

R 712 i NOX

ALAMI 2T J) AL Ml?(l-."

CONTINUE

CALL TRANS1(ALANIZ NS+ NS)

CALL TRANST(ALANLD NODSNOX)

PAIISE 18

CALL USWEHCTHALANLIZ2 ) s 70 AL ANED0 10 KOX o NOBS 0 4) ‘

CALL USUFRCIHALANR2E 9 7-ALAN22 ¢ 100 HOBE 2083, 4)

21

3

fOn

B N N e e e -

TUTs DS
KEADCIUTIREC4ICCFIITe LN e 1 0n1 o8 ) o TTuloeNT)
JTCIFLE.NE.1I00 10 842
B 839 I=1.MOX
PO B39 J=2,MORS
LCTo DFLOAT(O)

3P CONTEMIE
D0 G40 I=i¢NS
D) G4C¢ J=1.K8
LOLRUEV o DDF(To )

B840 CONTIRRE
GO IO BaS

641 DO B4L IslMNuX
00 842 St NOBE
LL1e D)=F (T )

842 CONTINGE

846 CONIIIUE
CLOSE (AN T=XUT: BIATUS=KEEP )
CALL  TRALISE (L o KUX o ND)
PAUSE 1Y
1FLf =0

tat am:rm"u. ool e 109 1S HUX0 A)
C88883282338588 LUIPUTE R
KA (I RECZING 121100
NOBS=NG N
CALL VIAB.FF(FFEL 200 oK1 NOUS 000 100 100 AHA T, 100 TERD
DU 718 E=1.RX
PN 243 SO
€ R I8 RUPRESENTED BY FTILE
FIILSLe 03nFRILEC R0 D) $AHALCT o D)
248 CUN TR

C38888888888833 LINWUIE F $358828388338288

CAIL VMRS (Lo, mnz-m&s-m.muo. 1o.mt'lo,xu)
b0 7224 I=1,8004
B 214 So1N0BS
EOBSC1e )AL AN2 L e 2)~-NHAT (T 0 8D
214 LONTINUE
Cs8s82388338 CIYFUIL G 93¢
CALL VMMRFE CEORSsL oINS o NODS» 1100 100 10 AHAY ¢ 100 EER)
CALL WIIRLFY (Lo AL ANY 1o NUBS N0 NIts 100 100AL AN e 104 IFR)
. DO 715 Isfe NGBS
DO 715 L R0
C O 13 RURESENIED BY ALANDD?
AL AM2I T o3I Al ANZLCT e J) -ALANR (T JISAHAT (1500
758 CoMSIMUE
Ceeassgssiss COMPUTE B-TILDA 33338888888
’ CALL VHULEF (Lo BLANL o NOBS KO NL 0104 10, AHAT 2100 IFR)
B0 72316 Y=t.NiBS
M) 218 J~1eNI
€ AHAT REFRISENTS T-BTILDA
AHAT T o 1) BRLANL (Y5 3)-AHAT(10.9)
716 CONTINGE
Ce283818888 DISPLAY ReB.E/S IR
CALL USHFI(FHHAIRTX E310P0£0080 101083, K0NS,4)
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KFCI.GT.NSUD T8 224

EFCIEQ TILCL o JEN0D =4 LOATCL)
721 CONTINIC

[
C  NON CONSIRULT 1N- INVERSE
c
bBO 222 f=3,I504
DO 722 FeNSEL IROW
RNV D=FLUATCO)

EF CLEQeD) BRIV D =F1L0ATCL)
722 CONTINUE

) 24 1=2NOBS

NO 224 Ung,NG

HINVCT NGy DL (T s )
J2A UM

c
C - CONSIRUGT N e

e e i e e O e T e AR

Co3s88832  GTORE HEW BYSTEN ANTBCoRGHNT O

o W SRAINIIR D, 4t e . R ]

CALL ETGRF(AHAT IRGEe 100 2¢WERG+ 2+ 10+ UKARE A IER)
CALY USHLVCLOHE TBENVALUE ¢ 10 ME T8 IRUNr L0 4)
Call USECH1OHE TBENVECTR 10029 104 LRUM e TRUGs 4)

URITECLOREC=E Y IRUNI NI+ NO2 IBGY « ZERO
HRITE C200RECIVCCBCIT oSN o X dwtoMF ) e XN = o LMD
HRETECPOREC=4I (O c 20 o T Sut o FRINID o RX =L o NOV)
IU=IRGHI20%E

OFENCIRIT=JUT oF 11 o *CURRNT * s ACLESE 2 BIRECT o RCCL 7 102)
WRETECIUG o REC=GICCABATCER s DD e Kho o IROU) « (121 ¢ KKIND

WRINE (A9 233)

3288888888880 8

L88882838 ENTER INIITAL: COMDITIONS AND XFORM TD FIMR 4(0) 3382888

743 FORNMATCLX» 4350 Eﬁﬂfk INTTIAL COMDLITUNG FIR ORTGINGE S8TAILS)

READ(S+ I (WX 1) alnloits)
P BS2 F=1eM0BS

PO 852 J1eNE
FTILACR o D~ NIRVCTENES )

611

Oy

Par-h

@ i

. \ - . Py ¢
) . |
N \
' ) R L e
) . »~ S sy . - v T - | . P U TOY R S

re
. &4
e~ X1
i
-4
H
.
. <%
RN
CALL USH K(THIATRYX R3:9:FTILE s 100HT o0 4) c 0 725 T=1s IROM ? ‘

PAISE 20 28 Ixgs :
CALL USUFH(THHATRIX G1¢9sALANIZ100MHIBS.NO. 4) DO 725 NGELe IROM b
CALL USUWFHCLONBATRIX TB1 1 100AHAT 10 H0RS,NT 2 4) H(Le 3)=FLOAT(O) . : T
Cotessss CONSTRUCT TUTAL SYSTEM MATRIX ATILDA  $33338888 yos an;;mé.nnu..n-rmnu .
NS=ROBSIND ON : "

CALL URULFF (BLANFLANNS JNT o131 10010.AHAT 100 TERD vo /28 Ino0ps .

PO 718 X=1.08 PO 724 S NS :
PO 719 JelolS LTed)mLCX o) » -
ALATCT » JI=RHAT (Lo S FALANC T 0 5D 726_ CONTIIRIE :
718 CONTINGE o
c CALL EIGKF CAHAT 180100 2/ UETUs 20 10/ UKAREA, TERD fg-!;z'mf&'g-m'“'"'lN“"‘"“"""“’ to
t CALL USKCV(1OME 1GEHVALUE + 10 UEIS S e 20 4) ba 720 1. : !
CALL UMILFF (RLAMFTIL2 NS s RIINORS 1302 10:FT1L3 ¢ 10¢ IER) . L

50 71y FoteHs WCXHES e DI aFTILICT 05D 3
yne g~ R
727 conTIRE Dl
DO 717 Se1e0BS Catse 21 ]

L ] .
719 CanTLLLJISITFVILACTD € CALL USEFNCINLe20Mo100 TRy RONOAF - . LR
B0 706 Te=1oHONS c CALL BSUFRCSIITNV oS0 M10Ve 100 SROMe SKOWe 4) -

DO 790 el NS CS3883298  XFURN AMAT BY MEU M 0039388s8883838 4

AHAT OIS SENSI-EOBE LT o) CALL \TEFF (NI ANAT ¢ TRTe TROU) IR 100 $0+F TIL1 0300 IER) :

220 CORTIARE CALL VERSFE (FTILS o ROM s KRG e IRDU 105 10+ AHAT 1 105 JERD ;

o 38888388 CREATE KEY B-KATRIX FOR TOTAL BYLIEN $8833338¢ :
DO 717 X=1elOBY READ(IZIREC®4) ((BCITe k) o TIogoeMI) o KXt o NS o0 ;
DO 757 J=1elS DO 728 I=1,KGRS S5 i
AHATCT NS 1 D =FLOATCO) DO 738 Inl1,NS = ¢
217 CONTIIRE LeE o)X e ) o 8 + %
IRUW=NS ENOBS . 728 CONTHQE o= I
CHAR(1)=* ATILDA TO* CALL VIRRSF (Lo M.AN,NORB NSsNT 210010+ F TIL 10100 TEKD o= co
CHAR(Z)= %240 ¢ B 729 1=} .NCRS S - ;1
c CALL USUFRCCHAR e 130AHAT, 100 IR0V TROV, 49 LU 729 o187 N
c CALL ELGRFCAHAT s TRUWS 1002, WETD 2 2o 504 WKAREAS IER)D DCLINS s DFIILICT ) O s 7
c CALL USHCVC1OHELGENVALUE 10, MET0,HS 110 4) 729 CCNTIIREE s .
Ceasssssas  CONSTRUCT XFURN YO GET X & U COORPIMATES  e38 Cese8s0s cw;s;«u:t o::(t':n:.r's:nlt ;na usmm. sv.s.;:u sssssesees R o 3
READCI20RECeSICCCCIToRS) o IImL NG o IX =1+ HO) - 'y
C FIRST MGDIFY L TO BECOHE T=L-L313 BO 730 I=1,80 = Liod
c BU 720 Jof $KSs TROM 3 i
1 P21 I=1.NUBS CCLe D =FLOAT(O) -~ 5 4

R 721 Jr1eNO 730 COHTINUE ;

LT,y met (T oD PAUSE 22 i

CALL USSFRCSHAHATE +SrAHAT 0 10+ KRIM» IRON s 4 ) :




{
-
e

TS TR YT T TIUIN 4 l

852 CONTINMXE
CALL VHILFFCFTIL S sVDe NOLSe NS L0100 5005 104 2ER)
DO 232 I=i.M088
VICT NS o 1 )sVOCT HNG9 1) =V(Xe 2D
232 CUNYINUE
URITECA: 238)

733 FURMATC1XeS1H USE THE FOLLONING INITYAL CONDITIONS IN TR RCLF

CALL USUFHCSHXCON S 9 SeDr £0¢ IRl £968)
Cesssseset DU TINE RESHONSE

WIITE (A 488D

463 FORNMATCIX25HUISH TO DO TINE REGFONSLT)
READCS 8IKK
IF(KK.L.E.0)GD TO 444
CAlLL. KODES4

444 WRIE(607354) .

734 FURMATCIXoAOHMISH TO REASSIGN OUGLRVER AND TKY AGAINT)
READ(S¢ 8)KK
IF(KK.GT. 0G0 10 699

Cssssss  RESTGRE INITIAL GYSTEN 1O

READ(S2¢REC=2ING +HI s NO
READ(I2rRECZICCACT o J) o dmioNS) e [=1,NE)
READ(ZIZ e RECAI((D (Lo d)rdmleNT Do Il o 5D
REAICI22RECFSICCCCT o ) o dml o NS e I=1,K0)
URITEC20¢RECHS INR o NT o NU» IDGT e ZERD
WRITE(2QeREL®2)CCALT s S o ket o HS R e R mf 4 NG)
WRITE(20,REC=3IC(BCTv S o=t o NI Do X2l eNE)
WRITE(200RECo4) (CUCTr 3D 0 Sl s NED e Tl o)
RE TURN
ENG

CS883850835463882088288ss888 aseedsin

(AT I3FI LI 237828322 ¢ ]

SUBRUGUFINE TRANSL (A0 INe IN)
REAL AC10:10)+ATC10+10)
BO 10 T=1:18
O 30 J=1eIR

- ATCHr1dwh(Ted)

10 CUHTINUE

. B0 20 I=leIN
0O 20 J=ielN
AT I=AT(L» )

20 CONCITNUE
TRETURN
[ ’
Cexzisssssssessses
Cesssnssssansestnt $¢3

SUERRORT INE VACT

INTEGER ORIGU

REAL V(105 20D 1 LRORBC10) s LTORGCL10) o UFE (104 £0) 1 UDESC 300200
LoALFRAT(10010) s RELC100 10) 1ALPHAR(10: 10) sEJGDIF (1021000
VL1062 10) e BLAKZC10: 100 9R(10e 10D s (1021 ) 9 I11.( 10010}
eMIC10rS0IoUAIC10s 1) VFETIECI100 120 UFCTIF (10212 0ALANZ2(10+10)
RIAL 0210010000106 10T s VIHV(I00 100 eF (10010) ebHAT (100 10)

REAL XXC20010)sVa(220) ¢E(20) o X200 2 LKL CL10) o1 10t S0 2 HICiO)
REAL BIGC20020) o BIGIMVC20020) s BERIGCAL0)

RUAL ACTO30) o BULO 104 CCEO 10 s Wt MREAC L 30)
COMMON/SYS/AeBr o ZERDs IDGToHL N1 o HO

COMHONZAUG/F 2 AN 7EXGAEE oL IN/FARZM 7GR/G

COHMONZVEC/ VALK Yo W he s XX Vo VINY

Cessesss038 FREMAT BY V12

< — g P

A

COHMON/ROZOR 16032 W0+ UF B o VBES ¢ BLANZ o KUK o8 JURG » ALANZZ

I2=RIGO- NS
Id=0
& Lu=1tiet
1FCABS(LINCIN) ) 6T . ZER0OI ICHFL X
CH898888285828888 LREATE LAMBDA-O 1

IV 16 IvfoX2
no 30 =t i2
REL( e I =FLUAT(O)
KECE.F8) RELCEe JI=LRECID)
10 CONTINUE
[ CALL UGUEH(SHREL v SoREL 0100 120120 4)
Cosss8883388888288 CREATE LANDDA-2

DO 20 Ix1012

DO 20 S=10X2

AMLFHARCY 2 .0)=AL ANZ2(T 0 0D
20 COMTINGE

c CALL USHFR(AHALPHAR 4 »ALPHARe 10+ 12¢1204)
CE9ps2essee 838 REL-ALPHAR

DO 40 I=4eX2
RO 40 J=1e12
EICDIFCLe M) =RELAE 2 J)~ALPHARC( T+ )
40 CONTIME
[~ LALL USHEHCAHE TGDRIF 14 EIGRIF s 1092 1201204)
[ PAUSE * 407
IFQICHPLK.NE1)B0 TO 34
Ce83e888038838 LREATE LINSE

B0 73 I=1¢32
DO 71 w1032
M. LIFLOAT(O)
IFCEFR D IR (X o SIS TNCTOD
721 CONTINUE
C38820303238838 LREATE PIB

PO 72 T=ie32

DO 72 812

BIGCT o JI=ETGRIFCE e S)

BIGI4I2s S)=-1iR.AXe.0)

B1GCTe JHI2)=liR (Lo 1)

BIuC14T29 HEI)=EIRDIF(T0 )
72 CONIIRUE |

1222812

CALL LINVIF(RIGe2220200BICINVeIDGT +UKRIA» RER

RO 73 X=1,12

B0 73 Jdriel2

ALPHARIT» S)=BIGINVII )

IMELCX o H)=RIGINVIIe.H12)
73 CONTINUE

GU TO 35

Cos88es8r648s TAKE INVEREE OF EIGRIF 2838388888888

34 CONPIRLE

CALL LINVFCETGDIF 0 120 100 ALPHAR e IDGT o WNAKE A TER)

3y continige
DO 41 I=1eNS
BO 41 S=4012
V12¢e JI= W T s JINS)
41 CONTIHUE

c FousSy *4L°

%

vd TYNIDINO
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ALv6D ¥00d 40
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. o PO 55 5 hoir oo s ;
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c CALL USUFACP2HTNVERSE ¢ 20 AL PHAR » 103 (29 (20 4)
CAl L VHULFECUL2: A PHAR s NS« 120 125 105 105 REL ¢ 109 TEK)
[4 FAUSE“KEL
CIst8RE2888 PUSTHA T BY BLAND
CALL UMULFF(REL o B AH2 o HE e 120N » 102 104 ALITHAR Y 109 XEKD
[ FAUSE Bt AK2*
CRESSSLI0E288 POSTHINF BY F SSEIRSI8885888848¢8888
CAML VHULEF (ol FHAR o F o NS o NT 1 NS0 100 100 REL 0 100 XER)
[4 PAUSE “F* :
CESESSEELLRLLAN RESULT 10 VI4 $333888te28es2ss
130 S0 T=LoNS
B8 S50 J=glSG :
RETo D =RELT o ) 4VOC K0 d)

S5O CONTENUE

CE48832848% PUST MILTIPLY BY ASSIGNER EISCNVECTOR 83s8238888
B 40 XxteNG

VORI £)=V(1, 100D
60 CONTINUE
c Call USUFM(SHVGKe 3o UK 101 NSe1e4)
c CAL USHFM(IHR R sRe L0 NS NEo4)

CALL VHULFF(RoVUIRINGsNE» 1010210 UFETIP 101 IER)
Y 70 IvieNS
UFECT e IOV =VFSTHP (T0 1)
70 CUNTINHUE
IFCTCNPLXGHE 1) 60 TD 1118
CEseSR222238 PREMAT BY V52
CALL VHULFE(VE2s TML.oNSs 220120107 109REL 110 ¢ TER)
C3838533858822% POSTHULT BY BLAN2 S32438LS8838850308
. CALL UMUL FF(REL 2 BLANZ2oHS» 12:N1» 10010+ ALFHAT 2100 IFR)
CEELATAILRE328223 PUSTIAT BY F 288888228338883828888
CALL VMULFFCALPHALFeNEsN1oNS9 10210400100 IER)
CeRs2TE28E222S LOMPUTE EIGENVELTOHRE 82338888408888
DD HO X=1sNS
VaICTe2)aU(ToIU4S)
80 CUNTINUE
CALL VEULFE(MIoVT o NSeNEe 15100100 WFETHP» 104 1ER)
DO 90 F=leNG
UFE (Lo XOI2FSCT o JUI-UFETHF (o)
90 CONTINIE :
CALL VMULFF(RsVOIsHEsNE» £ 100 10 UFETIP ¢ 104 TER)
CALL VHILEE (HTs Vo NS oNSe 122Gy 102 UFETPs 100 IER)
DO 110 X=1oN8
VFSCI o T0H1ImUFETIP (Lo 1XHVEBTP (T 1)
£10 CONTINUE
10=1ud)
11 CONCINGE
LEHPLX=O
FCTULLE.NS) 60 TO 8§

Ceessssssesss 111

N e B N ey iy W R pee e L e s Sy me e

REAL A€310010),8C10+10),C¢16: 10T IRBRITGI I LIDRGIIS)
COHMON/SYE/0s B¢ Co ZERT» IDGT o NS s NT o NO
COMYUM/VEC/VAIE s X sl So by XX o U VINY
COHNGH/RUZORY G e V1) s VF S c UDES » BLANZ s LROKG o L. TORG ¢ AL A2
CONHONETG/LRE + L IN/BAR/ A, :

CE88848833 CALUBLATE ACTUA V IN FILL SYSIEN ‘33.“‘!;‘.‘38‘3“.‘

catL vacey
CALL USUFNCSIVER» SoUF S0 10,NS e NG 4)
CALL USUFHCAHVDES s 49 UDES» KOs NSNS0 4)

CO88388322 CALCILATE CUST FUNCTION stss (24 ]

CA=0

10 I=141
CIENPCUFSCLe 1) -VDEGCT o J) 2882
CI:CHTENFSAL LT 0 JISCS
IF CANSCLINEI) ) LE. ZERD) 6O TO 20
CI=CIHLITENPSAL (Xo.2)
CI=CIHUFBC 2 111 -UBESCT o H1) ) 882828AL (L0 J¥1 )
IF CT.NENS) 60 TO 10
NTT]
20 IF(1.NE.NS) GO 70 %0
. IFCARENS) GO 10 S
RETURN :
. END

C3838833388588532828838883882

£38323820288835880¢ 3 3 s

SUEROUTINE ROCOSTLD

INTEGER ORIGH .

REAL XXC(10910) s VAC20) o EC20) e X(20) L KECLO) o LINES0) 2 I 20)
REAL HC(20510) V(10100 2VINVCIOr 10D e AL (10100 1ALANZ2¢(10010)
REAL VFS(30:10)2VUDES(10¢103¢BLANZ (10,103, VI(10¢10)

288382320882 2328 £

SUBRIKIFIRE ROGRAD
IRMGER BRIGEO
REAL AUNLCL0010) s AUX2C100 100 oAUIXIC10010) oPUCRE (204 1) o FVRX (1002

AVAUXL €100 8D sVANX2(1091) o BEFARCIOe 1) s JETHUR( 102D
2VI2C10220) o BETAI(100 2o IETALLL00 4D o RRC106 £) o QU100 1)
SoKkN(1001) eiMCL10s1)eB(10:10) 0 ALL10420)

RLAL VO(10+10) (L.RIKGCLI0) L JURBCL10D «VFS(10010) 4UBEL (100 10)
BoALPHATC10,10) s REL (R0 10) s ALPHARC10010) 1 ETUDIFC10010) 0
V(102102 o BLANZ(10¢ 10 sR(10210):VERC10¢4) e 2R C10010)
SoHECE010)cVOTCI06 1) o VFSTHPCL001) ¢ WWEIP(10:2)

REAL M. (10010)00.€20: 500 A L(10220) o PLECLID¢20) 4 MLEC10,20)
REAL STAR(0520) ¢01.C10:20)»RL €10, 20) R
REAL 8(10¢10)9sV(10610)eVINV(10010):sF (1001020 AlAT(100120)
REAL XX(10¢10)cVA(20),E(20):X(203sLRECL10DLTH(10)+0.0(10)
REAL ACS0»10)¢B3(10010)¢C(10¢10) ULAREA(L130)

RCAL RIGL20020) oBIGINV(I0020) o KRIBCAS0) 0 ALANTI(L0010)
COMRINL/SYS /BB e Co 2ERD s XIGT o 125 HY o 20 e e
COEMMNANES A/ M o NL o JLCIPLE 1 MLE PSTAR 61 o RL e *
COHMONAUXZAUX T o AUIKZ 1 £1IXS
COMURY/ AUB/F 1 ARATZETG/LRE L IN/PARS AL SURS
COMSHUIN/VEC/VALE s X ol bele XX sV VIRY
COMRMIN/ROZORIGIT e Ve VF 8o UDES s BLANZ 1 LRORG « L JORE ¢ ALAND2
F2=RIGO-KS
IFLAG=0
DO 100 I=1.NS
BO 100 J=1,K80
GEle H=FLOAT(O)

100 CONTINUE

1I=0

110 II=X1#t
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FURLHY

=0
120 IU=IQHL
JU=IR420
IFCARS(LXNC(INIIJOT. ZERDIUD TO 34

RUADRCIUREC3ICANLLIY S) e del e ML D o 2m2 o IS)
REANRCTUIREC= 4D (ML s.0) 9 3212 0X ) o Iwl s RID

GO TH 3% -
34 IG=NSHND

NIZ=28N1

NSI=NG22

IHS=NGEL

READCIURECD) ((ML.CCT 20D e =1y 18) ¢ 1m1 ¢ HS)
READCTULRECS4) ((PLC e d) oS8 o I8) o =24 HS)
READCINRECRZIC(MLECT e ) o =10 I8 o 1=t X}
REANCTUIREC=SI (LA (X o) e dok o NE2) o Il o HS)
RLABCIUSRECEZ) CARL (X2 J) o del e RID) ¢ =84 NS)

IS5 CONTINUE
PAUSE "FFX”
CALL PFXCIXe XU IFLAG)
PAUSE PFX*
CALL PURCTITeIR)
FAUSL PUP”
IFCABSCLINCIUD ) LE . 2ZERDIGD YO 229
IVLAGLa)
IFLAGE =t
B 125 CUNSIRUE .
C238848338893388 CAL CULATE ALPHAR

(3288343883 88823328 UREATE LANRDA-Q X 8

RO 10 Iei012
DO 10 J21,12
REL (o 5)=FLOAT(O)

IFCFER ) RELCE e S)=LRECXQ)
10 CONTINUE
Cregesssastizeses CREAT. (AMBDA-2

PO 20 L=xL.02
D0 20 FeisI2
ALTHAR (X ) =0l aN22 (X s 1)
20 CONVIRUE
CEE2e222328828838 REL-OLPHAR 8

no 40 X~1,12

ne A0 21412

EICHIF (e D 2RELCY 0.0 -l FHARC R+ )
40 CONTINUE

SFOITILAGE NG D) GO 10 134

CE38333882832 CREAFL LINSL $2383883838888888

Ly 721 L=teX2 .
e 23 betal2
HLLe D =FLOAYCO)
AECTEQ DI (X e D=L INCIQ)

71 CONTIRUE

CEtse2338333828 CREATE BIG $8338383828882248

PO 72 1=1,12

DA 72 felel
BIGCLe N =ETGDIF(X e S)
BIGCI#X2s D)=~THL (X0 )
RIGCIy JHXD) =XKL (Lo )
BICCT#X2e SHERI=EYGDIF (Lo D)

[,

72 CONTINK
122=2812
CALL LINV2F (RIGe122¢200BIOIKVe IDGTUXNIB ZER)
DO 28 I=2.32
» 73 Selr12
ALPRAK(Y» J)=BIGINV(Is.0)
T CLe D) BIGCR o JEX2)
723 LONTINIE
G0 TO 138
C38503288888 TAXE INVERSE OF EIGDIF 3883838538338
134 CONTIMN
CALL LIRVZF(EJODIF 2122100 ALPHAR 110 T ¢ WKAREA» JER)D
Ce828854088 FREMAT BY V12
136 CONTINUE
DO 41 I=1oHS
RO 41 =212
V12T o )=V X o JEKRS)
41 CONTINUE
CALL VMILFF (VS0 ALPHARYNS» 2120120100 10¢KEL » 109 IER)
C322388L83 POSTHULY BY BLAN2
CALL VIRFE (REL s BLAN2/KSo 12001 010110 ALFHAR 100 TER)
8228880222433 LALUULATE BETAR

DY 130 XwBoHE
PURREC T 1 AU (X0 Q)

130 CONTXNSE
CAL). VIUAFF (F s PVERE ¢ M1 e MS0 16104 10sVALIXE 0 100 IER)
VO 135 I=1.KY
VUR(T o £ )=V XD

135 CONTINUE
CALL. VHINFF(UsVORIRE NS 20100 10/ VAUXD 2100 XER)
DO 140 F=1.N8
BLYARCK ¢ 1)#VAUXA (Lo 1) $VAUN2(T 0 1)

340 CONFINUE

Cessssesssstss CALCULATE ZETAR

DO 145 I=8,H8

BO 34% J=1:NS

VIE(X o J)=V (10 )
14% CONTIIIEE

: LALL CHULEY (V13 o PURRE s NG o NS s 1 d
(2222222222 YT l:ﬁl_l!ll.hié R;t ‘: Hetestessssreniin)

CALL. VHULFF (AL PHAR : ; oy anty
O 350 1ottt vﬂEj‘cR""StlJvldOnlquNl).hA\nlER)

RECY2 3= ZE FARCE o k) $VA0,
150 Cont ’ X1¢Re 1)

IVUFLAGIJNE. 1) GO ) 147
CE8833L888882288 CALCILACE ALFHGT 828 28388

C38388883298 PREMIA.T BY V17 ssssss 288822 PO
EALL UMHLEF(UL20 M1 o NSe X245 126 100 KO0 REL » 109 XTI )
Casssesstessrss POUSTMNT BY BLAN? 885383333385238888s

CALL VHULEF (REL s BLAHL o M5 120NT ¢ 10 101 ALFHAT, 100 TER)
CE5888828230328838 CALLILATE BETAL ";“:

LTI BTy £ B

PURL (e 1) ~AUXACT o IO )
AUS CONFINE

CALL VMUELEF (FoPURToKE RS 10100 20:VAUXLs 100 IER)

BV $40 X=5oNS

VArcI- =V I3

o
35
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e
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160 CUMTINUE
LALL. VHIRLFF (Mo VT sNEoNSo A » 100 10sVAUX29 10¢ 1ERD .
DU $6% I=irNS S
BEYAL(X» 1)=VAUXS (X v £ $VAUXZ(T4 1) .
165 CONTINUE 4
CH22E5E3383208 CONPUSE ZETAL
CALL UHULFF (V11 0PUAK NS ,NS210102100ZETALS 101 ERD
CE83885282823228 CALLULATE UG
CALL vnuttFtaLHuax.arrax.us.ux.t-xo-1o.nn.1o.xck)
CASRSRTBRILLILES CALLULATE UR $88
CALL VHUL}!(ALP“&R:BLTﬁ!-N?.Nl-l-lO-IO:RR.IOolkR) g
DO £70 X=t)NG
UR(T o 1)nZETATCXe A HUR(Te1)
170 CONTINIE

Crsssesssss HEC IF THIS IS SECUND TIME THROUGH FOR COMPLEX 2388 E
FECIFLAG2.NE.1) 60 TO 148
167 JI=10
GO 10 169
160 Ji=10tt
149 CUNTINUE

C332525322828 CONPUTE GRARIENT FOK REAL CASE
1F=0

175 IP=Ip4
GCUITs N =GOET v B $CVFSCRF 0 12) ~UDES(IP o X1 IS(RRC(IP# 1)
1828AL CIPVIUY)
. IFCIPNEJNG) GO TO 3173
LFCIFLAGLWREL 260 T 208

CESL388282s CUNPUTE GRADIENT FOR COMPLEX CASE S88833832832888881
1P=0

1890 IP=IPr4y
GO L =GCXE 0 00) - CUFSCIR T0) -UDESCIP e 102) )SCRACIP (1)
IE2RALCIP S0 M4 CAVFHCTP o IREE) -VDES(IP 2 1091 ) ) SCHRTIF7 1)
2HRUCEP e 1) IRISALCTP IDE1) )
IFCIP.NELNS) GO TO 180
CE333343328 CHECK AF FHIS IS FIRST TIME THROUGH $85$55885353888821
IFCIFLABR.REL 1) GO 10 208
HLAGR=0
DU 1BY Is1NS
DU 105 Je1eNS
AUXTCE 0 D3 sRUYICT s 0D 4
185 CINFYNUE
O 190 XofrNX :
N 190 S5 NG

"

}ISRIO

RS

unNod 40
» —E\:

N
Paf RO CR

.,
[

A

Mo ) mAtIXSC Lo d) ’ » (
190 CONIINOE . ' .
GO 10 1245 .
201 CUNTINUY
=191
203 LURCINGE
IFCIR.LF.RGIBO TO 120
TECOIT LT HDB0 1D $40
CALL RBRORM(RY eRS)
RETURN
LNl

€l




APPENDIX B:

ORIGINAL BATE i‘
OF POOR QUALHY

DESIGN SESSION EXAMPLE

124

":"”nu‘:i:xﬁhmtnxnunnunuuzu:uusuxuununuxuxzunuzu
EXREXLKKKKRLXKAAKRRASE SFECTRAL ASSXGNMENT POCKAGE 2XXXXX$XXXKLLEXSXLLRR

(40}

ENFER NESYRED MOBE OF OFERATIORyMOMESOoLle2ree0r P!

ERXXXEXAXXRKRELERXSLSIXLEE NODE 1 INATA ENTRY ****8***X*#***##*#*******

RERXXALAERENTER OR CHANGE SYSTEM PARAMETERSS

PREVTOUS VaLUES?
7?1

H4= 9

WILH TO CHANGE?Y
70
MHATRIX A §

1

&

i e LG40001L00
=« 320000 01

2 e 99HQ001EL00

+0G0000L 00

K1 ¢ 2490001400
~411420000101

4 «OQOQOOLE 100
«QOOOO0E 00

) ‘ +« OO0V OO
«OO00VOEL00

b 00000012400
= e A0000L 102

7 «OCO00LE 00
«QOQO00L T 00

WISH [0 CHANRGE?

= 2

2

7
1540008101
<4 000000E +00

= 117000E 400
+ CO0000E+00

= 0000E 01
s OO00O0K +00

« 00GOOOE+00
s(OOOQOE+00

JO0000OE 100
+OO0000E+00

« QOOOCOE +00
«OO0000E +00

«QOO00OE 00
=~ GOO00CE +00

NOx 4

- ¢ 4R0000K ~ (0
= 9G000E-03
=« Q0000 +01
s ROO00O0E 0
«OOOO00E OO
. ().()()()()()EH)O

LO0QOQO0E 00

InGr= 8

2ERO=

« OQOOOOE+00O

«385000E-01

«QOOCQOE OO

«QOO000E +00

QOOOOOE 00

«QOOOOOELO0

PYticlelelelel R FE163

« Q000001 G0000

=+ 744000 +00
« 200000E-0%
«337000E400
+QOOOO0OE 00
=« 200000E +02
« OOOOO0EEO0

DPLCOOEHO0

A e g iR RO o . ki A MR e ¢

TRA s Myl Y

e s -



SO

A g

g

.

£omp o

- \‘ \.,.‘:,'ﬁ.\..« e D g vt

i oy

TSI TTT

HATRIX B ¢
1
i «QOOO00E 00
2 «QO0OO0E +00
3 + QO0000LE {00
4 «QOO0O0E OO
] ¢ ROOO00KE +02
6 «Q00000L +00
7 Q0000000

WISH 70 CHaNGE?
to

HATRIX € ¢

e

3

4

1
b

«X00000E403%
« 0000001 00

« 0OO0O00E $ 00
«000000E {00

« QOQOQOIE 100
+000000L 00

¢ QOOOO0EL 00
«000C 0L 400

WISH 10 CHANGE?

70

2
«QOO0OOKE 1 00
+GOO0OOE +00
1000000 +00
«0QOO00E 00
«OOVO00E+00
s 2FO0000E +02

«QOOOOOE+00

2
7

«0QOO00E +00

=«100000E+01

«QOOCO0E +00
+QOOOOOE $00

«100000KE 01
«QOOO00E +00

2 QOOOOOE 00
«OQO000E+00

WISH TO EXXY FROM TH1S MODE?

?i

EXXXRXKKKRXKKXKKXXXSSXRX LXK

EXITING MODE 1

ortaNAL PATE T
9 POCR GUALTY

OOOOO0E+00

« 100000 +0L

s QO0000E 00

« QOOOOOE+00

TERHINATE THIS RUN OR SELECT NEXT MODE?

WISH 0 TERMINATE?

«QOOOO0E OO

«O00OGOE +00

«QO0COOE$00

2 LO0000E 0%

-

«OO0000K +00

«QOOOO0OE +00

sOOO0OOE+00

s GOO000E+00

AXXXRXXESXNRKLELELLTRLEXS

/ REXXXERXLRKRKRKKESXEXXL LY L LRI AIRKEEKERKIAKRRERR LR RIS XL L ELTLRLKKAKKR .
ERREXRXKLKAKLXERRERRE SPECTRAL ASSIGHHENT PACKAGE $XAXKKLAKEXXEXLXKTES

ENTER NESIRER MODE OF OPERATIONsMODE=0risQrecer 9}
re

WANT TO ENTER NEW ORIGINAL EXGERVECTORS?

T o
V HATRIXE
é
£ « 3BJOLAETH00
e J29240E--02
2 A1 1648LE 400
JSHIR0RE--04
3 <o LOBSR7ELOL
cALGHERE -01
4 = e kRGP0 HO0

o JPEHLEIE-02

2

7

= e 112001400
«QOO0QOELO0

«J0P67iE+00
«QO0000E+00

= o JIPPHIEL00
+QO00O0F § 00

BIPERTERO0
«00000COE +00

3

~ e GHLPO2H -0

CBAGPONN 05

SAOUGIIEILOL

=~ J7ITEMII04

274481400

255308 -01

~ e HUWGGA 01

ARBIETEROL

]

e S7AL76E -0

«B65ABGE -0

= e ATRRORE-O R

CHPPBORI-03
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S < QUOOOOE 00
«QOO000E+00

[ 0000001 00
200000101

7 18699702

' s QOEIPENE 04

ORIGINAL FAGE (Y
OF POCR QdALs (\"

«QUOOOOE 00
«0O0QOOE +00

«QO00O0E +00
000000 +00

~ o ABORGIEFO0

«300000E 01

WISH TO CHANGE ANY VALUFS 0F v?

To
ALAMS
1
3
1 <+ 88120iE--01
« 0000001100
2 e l674UE 401
«OOOOOOE$00

3 20000002400
«000000EL+00

4 « 00000000
« 000000 +00

% «Q00000EL00
+000000E$00

[ +«000000E400
« 25000087402

7 « 000000 +00
0000001400

2

7
R26948E401
ERelclelelels] o YeXd]

= BHLP0ORE~01

«O00000E$00

«QQO000E+00
«OQO00OE +00

«000000E +00
000000 +00

«QOOOO0E+00
«QO0000E +00

+ Q00000400
+OO00006E+00

«000000E+00

<+ HOO00OE+00

WISH 10 DISPLAY RQ MONEL?

X

REDUCEN ORDER MOBEL
MAIRLIX A&
1
1 - JHURSORE--0L
2 - QRGPABEL 0%
3 +00000CE+00
4 + 000000 100
HATRIX B
1
F S WS phgs 1 A 273
2 «S&TOY230400

3 e @2 72ITEHQO

3

4 Pe 2HP7G I 00
HATRYX €4
)

k «381RGIE100

2

C126948E 401

“o83IP0LE--0L

« 000000 00
«000000E+00

2

~+ LEALAOE-Q3

722909601

= e 2Y7HO7E 00

<0 JG27GAE +00
2

+SE249AE 01

«QUOOOCL +00

«000000E 100

PRGN 01

3

«OOOOO0E 00

«OOOOOOE 00

=+ 208G40E+01

«000000E+00

2« QOOCO0E 00

«QOOOOO0E+00

+OO0000E HOO

3
« Q0000000
«000000E+00
-+ 20854856401

«OOOGOOE 00

3

- o RS7P45L 100

cQOOOUCE OV

2« QOOOO0E +00

$ A79606EH00

«000000E+00
«QOOO00E+00
+ QOOVQGOE+00
~e 916482E-02
« 0OQOGOOEH00
OOOOO0E +O0

«OOOOOCE 00

4
+OVOOOOE F00

2OGOGO0OELO0

«OOOOOOEL00

<o PLGABRE 02

~e GARBEOI 02

2« LOVOVOOE HOR

. « QOOQOOE 400

= PU7426E-03

«QOOO0OESHO0
«Q000O00E+00
« QOOOOOE4Q0

+Q000OOELOO

-« 200000E£402

«QO00O0E+00

«QOOOOOE$00
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OF POOR QU.titfy

2 10882408 - SEIPEIE 400
3 JLLIGAULL00. JFOVA7LEH00
A SLOUSP09EI00  JUDVADIEL00

SRELRXLSINSALRLEES RUDULED ORDER EIGER!
BESKSLELENELACRLIEAESE HUDE

FREVIOUS VALIIES
fo
LaMthaA 18

«ACULHYILH 02
CANMNPOPE - 0f

~e SP3MEA 01

€98 e S T e e

. 127

meHUBLAIE 0L
e RNOILH -0

o JEULNCH 08

VALUE ASSTGICHISsssas88R
RUEIGURVALUE ALSIGHMENT 8343828388438

EESRER0838 ENTER OR CHANGE EYGERVALUES!

RLAL= «OOOOGOE 00 18AL «OOOOOOLE 00
WISH FO CHANGEY
[
CNILR NEW VaLUI(Y) ¢
' ‘-t-t'- ¥
LaMRBA IKCals = 180000E401 o LHAGH =« 1800001014
REXT ELUENVALULS
FKEVIVUS VAaLuEse
. 0
LAaMBbA St
Ri At «000000L +00 IMAGn «QO0000E ¢ 00
WILH VO CHANGE?
LN
- CNITCR NLW vaLiE(S) ¢
| L |
LANDUA AikLal.= = 200000408 ¢ IMAG = 100000101

[}

BLSIE (0 EX10 FROM HIS MODE?

£SELXREETABALIRISILLLLESSSS EXTTXNG mODE
ERTLK DESIRED PARTYAL EXGUNVESD
EIGUNVECTUK © 8

2 SXEIAIENNIBRABLL AL
TOR ASSIGRBENT

TWos72o0
CIGENVELTUR
f 009002

000
v3
G -8 -4

ULE THE FOLLOBING ¥ MATREY FUR 1ML CXAL AGSIGHRENT

s r—ap————

RENCHUEKR WHICH U ARE CONPLEX

o

CIGERVECTUR v 14

ROrlal GUESS rur v

Otﬂtltttttttttttt§tt HODE MIEIGEN

PRLVIVUS Val.utsy

(Rat)
« QOOOOM $0(
+QUOOOOE $00
«QGOOCOE+G0
«OOQOOOE $0Q0

HISH 1O CHARGEY

1 2 3
« i 2+ ABLPOI4 02 X2 AR {TH T e SOULLN 00
& ~eASHYIIELO} 1240837402 .-'I. FROBGLE$O0
$ cI2AR2RE402 «S490I%E O] cA7HEPNE 0L
4 «HIBOPLELOS =2 207782K +u0 «IABHTEIOG

KBEESRAEL ENTER OR CHANGE EXGENVECTORS §

CLHAL)
« OUO0OL § OO
COVOOO0L OO
«QOUQOOE U0
s OO0000E (10

4
343760t 00
“e769U3IE 00
«SOPRUE -0

=+ U000 {00

VECTUR aSSIGINENT $33332832% 3%
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ORIGINAL PAGE 1S

b AR IR B A SR M et

OF POOR QUALITY

ENIER A NEW DERIRED VECTOR

' ‘(' L] l'

s 124000E 0L
~ s JOHOOOE 1 0O

SA27VLEEHOL

OO e 87 1944 [204 3447 0428 =208
COMPLEX VDY
«ARZO0MI402 ~ed $7000E$01
«1Y40001 02 «EAP000E 404
ACTUAL VELTOR
CARLLINEAOD A2TOYIESDYL
PRI XSE$OS 73668408

ERKOR VECTUR 3

CA220ALE OO = 2NBOPHE40L
e 4132075000 =etA848AE OO

LENGTH OF [HE BESIRED VECIOR
LENGTH O THE PROJECTED VEUTORs

LENGIH OF

THE ERKUR VECTOR

I8 fHE ERRUR ALCEP TABLEY

? 3

CLOENVICIOR V 24

REXT CIGENVECTORS
LIGENVCLIOK Vv 3¢

(17 %

t i

0 CHANGE?

(REAL)
«AB7000E 402
~e L37000K $01
e L24000K 402
HIBOVOE 0L

(REAM)
«000000E +00
2 QO00OO0KE 00
«GOOOO0E 00
000000 $00

CHILIR A HEW DESIRED VECTOR ¢

P -

J0G <344 - PUL -, 097 A.79

CORPLEX VDY

+ ¢ SOLOO0EL 00
e 9700001 -0

= o YU 000K OO
« JO7000L- 0L

ALTUAL VECTOR §
e 414202100 =+ 700404F +00
«2037247E 400 1Q27459E 400
ERRUL VEGTUR ¢
« 108201400 =« 2B0ITEE 00
~e XQUPITCLO0 ~eHON1TAE-01

LERGIH OF THE DESEREL VECTOR
LEaGIHE OF (HE PROJECTER VECTDR=

LENG I OF

fHE FRKOK VECTER

(8 [ EKKOR ACCEP TARLEY
Pt

CIGRRVFCIOR V 4

jlaL»
= JOKQOOE 00
=~ PHLOQOCE $00
«A7P000K40)
« 149000E+0%

swssesnswnUNTENTS GF CQURRRT®
HATKIX V ¢

1S
4

cABADTAVAIQIRENCR
IR ML FERFE AR SRR W I

PR L B H AR HL PN B TH

L3

-

S HITXOI -0

“ s SRLEISE $00

= 17PHLVLHOY
SN 0%s7A0
$1:.70.2047
LeBUANNY

(1na)
~e 6760000401
= ¢ AFACQOOL 022
=~ JAY0OOOE 0L
¢ 2QHOGOK $ 00

CHEG)
«0000GOOE400
« GQOOO0E 00
2000000 00

«Q00000L 00

0709 1,47 =

2 47900001
=+ HO0000E OO

SABSSHOEL O
-« 49307 /100

-+ 4360 9E <01
e HPISL0K -0
HeAH2007
G002

«A4N0OL2

1Al
~ o J44000K 00
e 97000010
= 709000 Ul
HBD0000I2 100

Bath FLLE heLu

"~

i DAL AR TEA ME BAM TS

PR E 413 BISLTR IS PR NI YT

SHIBOO0F tus
JHOOLSOE $OK

A IBIOAE GO

+ LAPQO0E +O &
1 8PPUSE 0L

«FUABHEL - (s

«HPHQ00E 404

e 7HE32YE 0L

= FCI7P3E 400

*+ $4A000K 400

AR A X L)

e STANRLE -0

LY X AP AR TS W X 4]

L TR TR TS R VY il S¢15
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ORIGINAL PANT T

¢ : OF POOR QLY -LITY

C Q08I IA8SBBALLIE $OO

3 AR08 810
«dQ7 4325730
4 dHYGLLPUSCLR67PERCL

¢ =e4FICT78 7P N0 OO

+ 873880344

= HISR0EPE P800

WAGH (O BISPLAY THY NURBALIZEDR EXGENVECIORSY

* o
UAIH HATRIX K
1 <
4
1 2 131200080242 401 = 18U LARLLL3HI4E I
o 1 723Q72:248UHA5C 0L
<& “ o SHAI0K3BY.F 14869401 «B0ASASOAPOBLIPE OO
« 35 I8934HAAB08/7E 402
HATRIX AMALS
2
4
|3 ~e21777CL3BUIPPIE40) e BPVURNN0L V646 HOL
2 2JOLOAR I IINEVGL
2 = AP SCLO,A0NFIN 00 = 1OVRNNAAZDUBL A 4OL
cARULLYALP231A73E HOL
s « PEALENS LHUEULEE D PRAAR o LR RETYHTIR T8¢
= HAPUEISOABTLIL IEOL
4 .236281“06!8?*)E400 CINTRETR0ULEA%UL 00

= 4304351 2NNCHINELOL
UISH (U EXLIT FRUM THIS HODE?
' :

L .
SEELNLEIBLLSHERLELLLEBARVES
GAIN HRIKIX F§

EXITLRG mDE  §

1 .2 R}
i L S1P01E 40} -0 i85 144E 401 LAPITHE 40O
2 =eSU6304ELVY HOAIATELOO = SEOHGAK O
L o @
t 2 4
i J194354E 402 CAIBEBIER00 = LO2POAHO0
2 S 244460EHOL « 724726E401 7821 59E -0
3 LOMBIF0E - = 924030E-01 201 YHOE +022
4~ ALNE400 +BIGLRGES00 = HS41H0F+01

WaNT (U CONT(HUE SEARCHY
ry

SRBLIBABERLRANLRELLE KO KIGENVEG TOR
WELGH CXNG LﬂNS(kab

WELGHIS .
£ 2
[] ¢« 4QUQOOK 40 o LOOOOUE 401
2 AGOQOOE40 & » LOQOOOE 40
3 » LO000OF $011 ° LOOOOOE Ot
L] e HOVOOOE$0L « LOOOOOE 40 L
WiISH (U CHalGE?
‘o

rHTAAL 0L

PEUNRENIE POl T RETE T4

o LEPPUIUTANP LA 40

. l ﬁl‘l" "6‘7 l"l' 7

= SPORGSB7 260718 +OL

= 180H0N10747708L 400

IRV AL Y PR i o L)

HAPINLITE4VUL 146400

«HES?/)

BARERRLINLARRALRERTARLNSL

<

~e 2223876 40
Sl 0L

4
=« 360320E-0OL
P760%52E-01
11 333/E400

~s3PiS2%E404

THFROVEHENTS 3002885030888 8880 88

4
« LOOODOE 4O §
«LOQOOOE40 |
AOOOQUE+OL

cAOQOOOE 40 ¢

4
« LOOOOOE +0 3
« $V00LOE +O ¢
s LOOOOOE O£

e LOOGOGE O}

L2IUGIPEH00
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ORIGINAL PROT £ ]
OF POOR GUALITY

ENIFR NEW VALUFSY

UL IEY WES & § RES AES ALV LB AL UK L2 8

CUSTYs ELEL A RIR T

GRAVIENT SEARGH ROUTINEsBET SEARCH PARANETERS S

OFFaULY VaLUES aRE{
¢ UF HTEFSoN= SVEP 612l

WISH 0 CHANGEY

1 O

NEW CUSrs < JOURBLEL0H

CUST FUNCFXON~ «SOSIRE408
WISH 10 CUNTOHUE, THE SEARCH?
L'}

GRAVIENT SEARCH ROULINF ST SEARCH PukaMUTERS .

DEFAULT Val UES akild
¢ OF SIEPSeNe SIEP GBI bs

WISH (0 CHANGE?
LI §

ENILK NUW Vat.uEsd

P A0 ok LHF-N

HEW Cos(~ L2REPILHOY

LASTE SIEF NOT aCCFFIED)

SIEFR S1ZE RUDUCED 102

HEW COsT- 4849 35E 408

LAST STEP HOVT aCCEPTEDYS

KIEP SIZE REBUCER (00

HEW COG (= 81 2205EH0H

LaSl STEF NOL ACCEFTED ]

STEP 8146 REBUCED 0

HEW CUsSTs AYIRSE$OB

NEW (US(= X 730SE40OH
2 SCEFS WITH PRESENT GRARKENT AND DMTns

LASE STEP NOT alCRPTEDL L

NEW CUus(a $7208NEHOH

LAST SIEP NOT AGCCEFRTEN)

HOO000E~0 4

« 2U50000E-04

P ALVCOOE -0

SCEP 8L/t REDUCED (01 «H2BO00E-02
NLW (s «SYIN2LEOR
NEW COb Y= « 29288UE+0H

2 BTEFS WITH PRESENT GRADIENT AND DM(N=
LAST STEP NUT aCCEFTED)
NEW COSTs= «2Q2OPAESH0H
NEW CUST» PRS0

2 STEFS WLlH FRESENT OGRAULENT AllD DMINe=
LASY STEF NOC aCCEPIED)
HEW COsSTs «277427E 408
NEUW COST= «279U87E408

2 SIEPS WETH PRESENT GROABIENT AND DMIN=
LASY STEP NOT £CCFPIED]
HEW COST= 2222076408
NEW CUSTMw X736 408

2 STEPYS UTTH PRESENT GRABLENT AND DMINs
LASE STRE HOT ACCEPTER]
HEW LUG(s e 267868F 100
HEU COST= e PO8SLE O

2 STEFS WITH FRESENT GRADIENT AND DMYNw
LAST BTEP NHOT ACCEPIEDS

NEW CO5T= c268041004H08
NEUW LUSI= 284436 08

Q& STERS WITH PRESENT GRADXENT ARD JH4XN-
LAsST STEP NOT atCEPTEDR S
HEW COG (0= 22006126408
HEW COG 1w e 2OLPFOE O
2 BIEPS WITH PRESEHT GRADSENT AND DHIKs
LAST STEP NOT ALUERIEDD
REY LUGI= c2NA0E40H
HEY CUGT= c2EENLIF e
STENG WATH FRESENT GRALLIERT (ND MOy
LAge GIEP NOT ACGEPTEDD

« LOOOOVE-O)

«E00Q00E -0

D Cits « LOOOUOF-06

balrls o LOGOOOE - 06

« 120000 -0 LWERE

«B2LO00K -02WERE
1 6250008 - O2WERE
«62U000E- O2WLERE
«AA000E-02WERE
«H2R000F - 0LWERE

sHIBOO0E ORUERE

cALUO00F ~02UIRE.

CHAVBDOE CRUIIRE

fAaKEH

TAKEN

1AKEH

TaKEN

TAKEN

TaREN

fAKUN

fAREH

[INEY
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' ORIGINAL PAGE i€ .
OF POOR QUALITY 131
' NEW LUST 2502270 104 ‘ 4
e . CUST TUHGTICNS 8280207400

WISH 10 CONTINUE HE SEARCHP
"THE SEARCH IS CONTIMUED AND A FINAL COST FPUNCTION IS CAL(ULITC”.

ORABLENT SERKGH RGUTIHE +SEF SCARGH PARNME TERSS :

DL AULT VALUES AREL ' E

& UF SOFPSeti= k0 SIEP $17EeDe

BIB000E -0 Inilele o KQLroT0L; :
CULT FUNLYTON= TATBLILEAOT
HATKIX ©V ¢ : .
’ 2 ) 3 }
4 .
A 42646931 19023VE4+02 «7BE74A0K7272981 401 ~eALALPB603Y9Y9748E +00
« SHOPSONRLILHNOE 00
2 RA228IE7214Y37E4 «172602003020206F +02 o 200460234651 334E.400 :
.z(m/.mm«wm. +00 .
K s R264170386396UE 402 cSDAIABNILBOARGE O «ANI3E400LI7OFHAE+OL i
ER24356H758L04K 400 !
L] 797801 1%010709E 408 HA%NAPNILL7AH700 01 B 3P9NIALI0A454E 408 ‘ !
- A9307180LALT16E400 ;
MAOTRIX VFR ;
[ 2 3 4
i A74%ALF 402 e 34340400~ RO2P08LHCO -~ $60246 10X
2 «62632EI0I P74 U1 -0 26014E 0L
3 «A%LOBIE400 e JA24401 400 ."0A900F40" e1 33306k 00
e LRI YHX LS (T CAPGHANIHO0 < BUALTI0L ~ 320026l b0 i
WANRT (O CONTTHUE SEAKCHY ) B
7o :
GAIN MATRIX -1
i ) 3 t
4 f
"
e ;TNN ?
[y «23300024u24944k 01 = REN0AAGL 42108340 1O PEYA R S FET TR A U T 2710 'i
O ~e k223402057 S3/E O i
t
2 - o 3BL3IFULID0IS/EH0L SHUATDVHPIHBAL OO = BULOR L 2BLIII0L 40 ;
«ANABLOA27350 N 02 %
HATKIX AHAfS H
i 2 3 4 i
‘ . ] ~e Q1 2752E+0% CIVGAQOE$0R ~  ABOBERLA00 3OO0 . f
' “ -0 742%BAE 400 o AONAI2EHOL - 31657%E 100 201 4/EHOL '
. $ g 178704 + 2HY6A3E400 SHAPPGUEGO — e A9T75E 100 f
4 AT 400 «SB4LOYEH00 JHALHILU+00 “ e AJO72112100 i
- PAUSE 12! s
N ? 4
T AFORMLEDS M
2 3 4 5 K
"o 4 7 :
< [ 3662426401 S BLB020E401 T~ JAZDEB0EH00 = A7ABLRLI00 < i FTIBIEHOO
” 29420 4L-02 L OO0000 100 ' .
. L 4 :
* » 2 s BNAYIRE4O = 034261402 2497084401 434600E 408 ~ o 773670E~02 *
. = ARASTEN 00 « OOOOO0E O
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r ORIGINAL PAGE {9 o T
' ; OF POOR QUALITY ‘132
v’ WISH 10 NYSPLAY TILDA BYRTERT -
T o
NE= 7 NO= 4
. ~ALAMLI2T
. ) 2 3 4
b A s 7AAQ00EH00 = 337000E400 =4 200000C-01 + OOOOGOEH00
: ) 2 + $20000E~04 «112000E401 +GO0O0OL+00 «000000E 100
3 1 SAQ000E400 - o 249000400 «996000E 100 000000 OO
YOU MUST SELECT WHICH & GUIPUTS WALL BL USEN 1O VECD THE QBGERVICR
VHE OUTPUTS CORKESPUNL 1O COLUMNG TN -aladi 2|
SELECTRY COLUMRSE WILL FORM A MATRIX THAT MUSYT BL NORSINGULAR
ENTER QUIPUTS T0 BE USED (INTEGER)
LI S I
SR ERRAE R ATTARANBOG UGN FIGIRVATUTT FOI TECLRVERSX LK AL XA AR
AESARARRSAREARERRLAR HONE 23ETGLNVALUE ASSTGHALHT SAMREAAXAREXERLAREEK
ABERARRAKA EOTER OR CHAIGE FIGENVALUCSS
FREVIUUS vat iy ¢
20
LAMEIA i3 .
REAL® - 150000E40%  LHAGH « RSO000E Lok
WISH (0 CHAIGE?
L
ENITK NEW VaLUE(S) 3 st
-5 e .
HLXE FLORUVALIE
. PKEVICUS valuES®
te
LA 2§
REAL® = {50000E40L  (MAti= =, 150000 404
WISH 10 CHANGE?
*
ENTER NEW VALUL(R) ¢
- : P-4 0 .
: NLX1 EIGENVALUES
PREVUNIS Vat.uesy
? o
LAMEA 38 .
REAL®  =,200000F40%  THAG™ « KOO000F 401
WISH 1O CHANGE®
B 1
ENTLR HEW VALUE(S) §
170
WIGH 10 EXTT FROM (HIS MODEY
' l ..
. CERKARBARRAKNLRSERRKLEAENEN  EXTTING HODE 2 SELERSCERRELL

SEELLRERARERNKN ASKIGN FLBUNVECTORE FOR OLGERVIZRESSEAREREAE KR
EXSRARERRIRARLIRASE HODE JIETGENVECTOR ASSXGHHEINT 588888k KREN:
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ORIGIMAL Phcit 18
OF POOR QUALITY
ERRRRRRENE ENTER (R CHANGE ETGENVECTORS ¢
PREVIUUS val.ukst
ToO
EIGENVECIOR ¥ 1 (RENL) C(1MaQ)
487000 $02 696000404
= L37000E 401 «AFACOOE$0
«£24000£402 s 3ARO00L 4 0%
WISH TO CHANGKFT
?
ENTER o NEW DESTRER VEECTOR §
t1G0000
BESAIRER VEGIORS
« ROOGOOOE+O 1 QOO0OOL 400 « QOGO000L $ 00
ACTUAL  VECTOR
«1000G0E+0), «O0OCO0OL + 00 QOOOGUI | 00
EKROR VEGTOR
+ QQOOO0E $ 00 «QUOOOGE (10 s OOOOOOE 1 00
LENGTIt OF fHE BESTRED VECTOE - L e QOCCOO
LENGTH OF THE PROJFCYED VECTOK:= L QGOOO00
LEHGTH OF HE Erkok VECYOR L] 000000
18 fHE ERROR ACCEFTOBLEY
r1
HEX T EIGRHVEC FORS
ELGENVECTOR © 23 (REal. ) Chnti)
«ABZ0GOE O3 2 6PGO00E O S
= 1372000 ) = X2A000121 022

124000402 = L300V 10§
W1SH 10 CHANGE®
i

i
CHILR o NEW DESIRED VECTOR §
toeoiooo
BESIRED VLG Ok

+O00VOUE 00 « LOCOGOE+01 Q00000 100
ACTUAL.  VECTOR

«QOOVO0E+00 » RO0000E 401 «QOO00OOE L 00
ERRUR VECYOR ¢

«QOOOOOE +00 2 QOOOOOE +00 SOOOOOOE 00

LENGTH OF THE DESIKEY VELTOR 14 000000
LENGTH OF (HE FROJLCTED VECTOR= 54000000
LENGTH OF (HE ERROR VECTOR - «000000

W8 fHE ERROK ALCEP fARLEY
i
NEXT EIGENVELTORS

EJGENVECIOR v 81 “REaL) CIHAG)
= JOBBOOE 400 ¢ 34400017400
= ¥BLOO0E 400 s 970000E~01
«A79000E 40} « 209000E-01

WISH TO CHANGEY
B |

ENIFR A& NKW DESIRED VECTOR §
T OO00oot o
VESIRED VEGIORS

L QOOOGOE 00 cOGOO00ELO0 «200000E+0 ]
RLTUAL  VECTOR §

.(’(KK’()OE#O(; 2 000000E+00 «100000E +0 1
ERKUR VECEOR §

s 000000KE $00 « 0O0OGOE 00 GOGO00E 00

LENGIH OF THE DLSIRED VECTOR = 14000000
LENGTH OF (HE FROJEGTEN VECTOR: 14000000
LEHGTH OF (HE ERKROK VECTOR = 2 QOGO00

A6 FHE ERROR AGCEPTARLEY
[

nRsananwanUNIENTS OF *CUKRNT paTh FLLE NCLUmE S
HATRIX Vv 3

1 2
N .

i ¢ EOO000O0GOO0000E $01 «QAOOOOOO0NCOOOE +00

3

2 1O0OC000000000E | 00
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IYBIBOILLV IVEYELO2

= B6624648651 339400

= 2058072043162 401

N“'IRIX AHAT Y

2
3

)
= o SOOCUOOCOODOOIF+0]

«SGUZZ213670900%E-14

«LA2108H4215202E-1)

WisH O EX1C FROM !yw HOIIE?
T4 )

HEATEAXRRALARXRRRRKERARELRE  EXLATANG HOLE &

whtialo

a1, PATY v
ofF POOR QL sALY

« 1000000000000 1O 5
L O00GQO0000BO00LE OO
ETOENVECTORS?
4
RIS S KE PP AN 4 T O
IR AL LA T3 T VI 0('2
« 300 L0GO0KLLI0NL FO
2

= o 3AV7A4203092050 - 1y

=+ KAOOGVO000000 10}

«2042170943040417-13

1 0000G000000000E 00

+10000000000000E+01

3
=~ ABGT 162027 2046E +00
S BL0ALPAS0ABLOYE 03
= 82PHO706607682040
K]
CA27630608R 005 -1 4

A T3 B S ST PR RIS VA

o 2000000000000012 1 O

PEXREEABLERSRRLENRKLREL XA

?
L .
1 2 3 4
1 APBREEEH0L ~ H6E246E400 ~, FROUHYE40L «OOOO00E HO0
2 ¢ 768536401 AETABIE 402 OO LO8EY0 + Q00000 00
K] ~ o AR/ L7400 GI30619E~02 =~ HF9CO7E HOL «UQO0VOE +00
MATRIX E}
1 2 3
A = BOOQOOE+OL AN IE-14 «R4210YE-13
2 ~e 319744K~13 = 6G0000E+0L 208421 7K-1 3
3 A778634E~%4 =~ BUSLL2E-16 = 200GUCEI0F
MATRIX K
1 2 3 4
i «2BEE2VEL00 = 2PRAVAE -0} = USLASE $02 = e A7LHH2E100
2 « 1842 78HE 400 CZROBBEH00 = 171387E402 «AJALHOE 0L
PAUSE 20
HATREX G
b 2 3 4
) ~s HYL1HIHE+02? «RIA728E401 - d78108L 102 3237478400
2 ~ e 4LLAOAE 02 = BASYISESOR H76151E 402 = LABBARE +0O
3 - K2V IHAE$0OY -+ 3468161 ~01 4040136402 POR2GE 400
HOTRIX (R}
1 2
X s 2OOQOOE+02? «OOQOO0LE +00

? «Q000OOE+00
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e 250000L402

«QOOOOCE +00
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P000L 00O

USE THE FOLLOWING (NITV(AL CONDITIONS AN VIME REGH,
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[ « OUOOOVOOO0000OE+00
2 o «OBOOOA0AOOOGO0E+00
3 «000000000U00G0O0E $00
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ORIGINAL Priss 13
OF POOR QuALiTY

S . (l()(l(i()(l(w()(i00002#06
) « QQOQQOOONO0ODOE+00
7 «GOOOGOOOOCOONGE OO
[} «QOAO0000000000E.+00
L4 «0O00000O0RIO00E 100
0 « 0000000000 0000400

WXSH TG DO FIME RESFONGEY
i

SRERAEXARBREAKARAARERER MOLIE ALTIME SXMULATLON EARRARENRRERRRL KRN S KKL

AXRERKAKLE CHOOSE SIULATION OFTIONS S

~ENTERS 1 T0 SIMMLATE £AYs 2 YO STHULATE LaHGTD <3 FOR CatiLd) ¢

¢t 2
ENIER O U SKMULATE OUTFUTS: 1 10 SIMUILATE STACE VARTARLESD
? i

ENTER STHULATION TXME s CREAL RUMBER I SECONDIS) §
? 10

ENTER NUMBER OF POINTS (0 pE CALCULATEN Y (200 Mai)
r 200

SPECIFY THE IMNITYaL CONDXTXONSG S
X LC0)¢ . ’

t o

X 2¢0)¢

? o

X ZCm

T o

X 4(0)¢
?

X $(mt
T O

X 6¢0)¢
T O

K 7¢0)¢
To

X 808
70

X 9¢0 s
10

X10¢0) ¢
T 0 : 3
CHOOSE XNPUT OPTXONSIL FOR MO INFUTy 2 FOR A STEN XM UT
3 FOR &4 ReMP1GND 4 FOR A TRUNCATED RAMIMS
LHPUT OFTYON FOR U1 1
?

I;?Uf UFTION FOR U 24

?EéTEK ¢ FOR 80 DISFLAY COLUMNSs2 FOR 129 COLUMNS$
'ESTER O FOR (NUIVIIUAL AND 1 FOR MULTIPLE PLOTS!
rng YOU WXSH f0 SE( THE MIN-MAX RONGES FOR THLT AXES?
'Eéfﬁk HIN XoMAX XeMIN Yool MAX ¥ VALUES!
PO RS -.008% (043

FOSITION FAFER AT TOP OF FORM alD TYPE aNY INTEGER
YOU MAY 4l 4 SBHORT NOTE (20 CHAROCTERS )

THE TINE RESPONSES ARE NOW PLOTTED. RESULTS ARE SHOUN IN FIGURCS 5.16-5.28.
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