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ABSTRACT

A generalized method called Diagonal Piscrimination for nbnlinear
A computer Drogram

algebraic and transcendental eguations is described

which implements the Diagonal Discrimination technique has been written in
A users manual is included which

TORTRAN IV for the Univac 1108 computer.
gives detailed imstructions of how to implement the computer program.
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I. Diagonal Discrimination for Nonlinear Equation Solving

The method of Diagonal Discrimination (DD) was first described by
Fariss and Law (1). A brief description of the algorithm will now ‘be
_given.

DD belongs to a class of methods such that the computations always
begin from a peint x° in n-dimensional space and a move or inerement, AX,
is computed such that 5} = x° + obx forms a.search vector along which a
"better" point is sought. This logic is repeated until no further improvement
is possible. The choice of the scalar o is made by a one-dimensional search
procedure .

The success of the method depends on a property of the Ax vector which

shall be called truncation convergence. An algorithm for minimization has this

property if, for sufficiently small o the objective fumction q(x°® + wAx) takes
on a smaller value than q(x°). Vhat this means is that Ax must point in a
direction such that q decreases at least locally. Hence, a better point can
always be found by truncating o to some small positive vélue.

DD uses a uniqgue combination of the method of.weighted steepest descent
and the Gauss-Newton method to minimize a sum of squares function. A brié}

review of these methods will now be given.

I. 1. FPormulation as a Minimization Problem. The specific problem to

-which attention is now given is that of finding the value of an n-vector X

such that the equations



fj(x) = 0 =1, 2, ..., n (1-1)
are satisfied. The £ functions, in general., are nonlinear. This problem

may €asily be formulated as a minimization problem by Fforming the sum of

squares of vesidual as an objective Ffunction.
n .
q = /2 Yy £, (1-2)

Clearly, if q is minimized to its absolute minimum of zero, then a solution

to the original problem has been obtained.

I. 2. Ordinary Steepest Descent. Perhaps the oldest and still very

popular method for unconstrained minimization is the method of steepest

descent (SD). Strictly speaking, this method is a continuous one rather
than a discrete one in that the path of steepest descent is a continuous
curve. For practical use, however, the direction of steepest descent is
found at the base point, x°, and this direction is used to form the

search vector.

The direction of steepest- descent is given by

-vg{x°)
Ax

A% = l—g'(—égjl— (1-3)

where g %%’ i.e., the gradient of q
= S%éepest descent distance factor

-
!



The search vector then becomes
X = x°+adx (1-u)

The value of o is usually selected by perférming a one-dimensional search
for a minimum in q with respect to a. Perhaps the most popular one-dimen-
sional search is the Golden Section Search (2). A more sophisticated
method is des;ribed by Fariss and Law (1) and is the one implemented in
the computer programs listed in this report. It is also possible to
simply f£ind a value of o for which g is smaller than at the base point
rather than finding the minimum. There is no generaliy "best"‘procedure
to use. Judicious selection of y can greatly enhance the performance of
(sD}. It is efficient to select this value of ¥y based on the optimal a
from the previous iteration. One means of accomplishing this is to use

the following relationship:

ooy _
(i+1) a s ey 0 =0
o - b o (s (1-5)
Y > 7o
- - o (i) L0 <a (1) | 5
- Q Q —_ .

there ao(i) = optimal value of o from the ith iteration
Y(%) = v from iteration 1
Y(i+l) = v for iteration i+l
a = lower limit on correction factor
b = upper limit on correction factor



This formula is purely arbitrary and merely attempts to update vy
based on past experience while not éllowihg large changes in it from one
iteration to the next. The previous y is multiplied by a factor between -

(1)56 and b to o (i)>b. If o (l)=l, Y
o e} o

a and b, with a corresponding to a
is not changed. . Recommended values for a and b are 1/4 and 4, mrespectively.
The Ax vector of Equation (1-3) is normal to the cbjective function

contour at the base point and is guaranteed to have the truncation

convergence property. This is cbvious in that

[a ¥

ax

g —
o >0 dor..

g ! T

= gy = -I_g_|2 (1-6)
a0

The most serious drawback of the method of steepest descent is the
zig-zag tendency espeéially when near the solution. This property is
best explained in the two-dimensional case. Referring to Figure 1-1, it
is easily seen that successive directions of steepest descent will be

orthogonal (perpendictular in 2-dimensions).
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. Fig. 1-1. Steepest descent for a gquadratic function.




In order to overcoms this difficulty., several techniques have been
suggested [see, for example, Booth (3}]1. One particular modificaton is the
Method of Parallel Tangents developed by,Shah; Buehler and Kempthornme (4) .
Weighted steepest descent is-another modification and will be described in

the sequel.

I. 3. The Gauss-Newton Method (GN). This method uses Newton's method

as a basis. That is, the equation for determing Ax is given by

%9 .- 2 (1-7)

% —_—

. .92
A useful and effective approximation i1s made for the Hessian, 5;%—, however.

In terms of the sum of squares g function, Equation (1-2),

g ? i
— = f. +— (1-8)
o%. =1 3 Bxi .
and
52 ri afj af]. 32fj
4 = 3 d s I (1-9)
ox CER j=1 axi axk i Bxiaxk



Now, for equation solving the fj + 0 as the solution is appwroached.

Therefore, the so-called Gauss-Newton approximation is to omit the second

- 2
_term in the expression for o4 . That is,
- 9%, 9
1%
n af. of.
22 vy A Ao
9%, 3 ox 9 ik
1% j=1 5 %

Thus, the relation for step size determination becomes
‘GAx = -g | - (1-10)

In the absence of singularity of the G matrix, the (GN} procedure is
very efficient at converging to the sclution from a near point (i.e., where
the sum of squares function becomes nearly quadratic and the fj are small).
This behavior could be anticipated from the approximate quadratic representa-
tion of q by uéing the G matrix as an approximation to qu/BEF._ Thus,
guadratic convergence is obtained in the neighborhood of the Solﬁtion.

As a protection against very long search trials, it is customary to
limit the length of the search vector. to some arbitrary value. While this
will ususlly force convergence, it has one distinet disadvantage. In order
to clearly understznd why this is so, consider a problem where only one
variable causes the singularity. In such a case the moves predicted
for all other variables would be quite good. Thus, the truncation of the

entire search vector is ciearly inefficient in that only the move in the



maverick variable need be truncated. This justifies the need For the
fbilowing two operationg:

(I) Sorting those variables which cause the singulavity in G.

(2) Selectively truncating only the moves for these variables.
Moré will be said about this later.

The (GN) method is equivalent to the well known Newton-Raphson (5)
(NR{ method for equation solving. The (NR) method uses as its basis the

linearization of each equation in the neighborhood of the base point. Thus,

] n Bfﬁ(g?)
~ O —_— @ S -
fj(§) fj(g_) + izl o A%, 5 3%1, 2, ..., D (1-11)

The move is then determined so that each fﬁ (E) would become zero if all

functions are linear. In vector-matrix form, these relations become

JAx = -f (1-12)
where
af.
J = the Jacobian matrix with Jj.. = -—%
13 X

In equation (1-12) is premultiplied by JT (superscript T indicates

the matrix transpose), there results

G Ax = -J°F (1-13)



Which is identical to Equation (1-11). That is,

G = JJ (1-14)

it
€
l—h

2 (1-15)
9%

Equation (1-14) constitutes a proof that G is always at least positive
semi-~définite in that this property always holds for a product of a matrix

and its transpose.

I. 4. Veighted Steepest Descent (WSD). Weighted steepest descent is

a modification of the method of steepest descent. It arises from modifying
the eleménts of the.search vectof by non-equal positive multiplicative
factors cﬁosen so as to produce a,more effective vector. Specifically,
these factors may be selected so that, under favorable circumstances

(i.e., when G is strongly positive definite}, the search vector will coin-
cide with the one produced by Newton's methed, provided the method is
applied in a coordinate system where, in velation to the quantity being

minimized, there is no local interaction of variables. The necessity of

using such a coordinate system will be made clear in the sequel.
The coordinate system required may be created by transforming the
G matrix into diagonal form. Let T by a ﬁon—singular transformation

matrizx such that

T°ét = D ) (1-16)



where D is diagonal. Methods for computing such transformation matrices
are discussed by Wilde and Beightler (6). If this transformation is applied

to Equation (1-10), there results

T°GIT ~ Ax = -T'g (1-17)

By defining the new variables (coordinates)
-X. = T = Ax (1-18}

Equation (1-17) for the search vector y in terms of transformed coordinates

may be written as

Dy = -T'g (1-19)

y = -Tg (1-20)

In order for coincidence to exist between Newtonian and steepest descent

vectors, Equation (1-20) must be medified to

y = -kD_lTT_g (1-21)
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. e -1 . C . . .
in which kD ~ supplies the necessary weighting. The scalar factor k is
[
indeterminate (but positive), since steepest descent is intended to define
only the direction of the search wvector.

The general form of the -weighted steepest descent equations, on a

transformed coordinate basis, may then be written as

y = -WIg (1-22)
in which W is a diagonal matrix of positive elements. Consequently,
coincidence between Newtonian and steepest descent vectors can be achieved
only if all diagonal elements dii’ are non-zero positive, that is, if the G
is positive definite. Furthermore, experience has shown that, if reasonable

1

external scaling has been applied, weighting factors which are excessively

large to yield an effective search vector will result from Equation (1-21)
when one or more are orders of magnitude smaller than others. It may be
concluded from this that the favorable circumstances under which it is
feasible an? reasonable to weight steepest descent so as'to forece coincidence

with the Newtonian search vector are confined to cases where all di are

5
positive and of the same order of magnitude.

An important feature of the weighted steepest descent method is that
it can be adapted to deviate from Newton's method when circumstances
do not warrant their &oincidence. This can be achieved by adapting the

calculation of the weight factors. The suggested method for doing this

will now be described.
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First, assume that the diagonal elements, dii and the: corresponding

colums of the transformation matriz, T, are rearranged to achieve

 descending algebraic order. That .is, dll>d22>...>dnn. 'If k in equation (3-:
1s chosen as dll,'then
Wy =1

and ideal weighting (i.e., that which causes coincidence with Newton's

method) is given by

wii = r M i= 2, 3, vaeg I (1“23)

An adaptation of the ideal case which has been used successfully is, for

i=l, 2, ..., n

d d
11 il
-a-:—-- 1fr _<_5anddii>0
11 i i
wii = (1-24)
dll
B --if.d—..':' > 8 or diif_o
11

In Equation (1-24), B8 is the maximum weight factor allowed. Thus, if
d..<<d,., or if d,.<0 , w,, deviates from the ideal one and is assigned the
1L 11 11— il

value B. It should be pointed out that Equation (1-24) is not the only

choice which can be made for non-ideal weighting but is one which has been

used successfully,
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An outline of the weighted steepest descent method follows:

1)
2)

3)

4_}

5)

6)

diagonal matrix D,

Select a distance factor y and a base point x°.

Compute g and G at the base point.

Fipd the transformation matrix T and the corresponding
Reorder D and columns of T so that the
resulting dii are in descending algebraic order.

Compute a set of weighting factors from Equation (1-24).
Compute thé z:vector as follows:

.

a) First compute an interim y indicated here by X} as

follows :
Lo W sy 1=1, 2 n
Yi“ iipi 2 - H 3 e
where p = TTg
N S A (1-
b)  Set Ypax = "% | Vi (1-25)
L Y/y;_nax Fl_QG)
:¢)  Then, y; = M Wii P, (1-27)

Note that the s of largest magnitude has a magnitude

equal to y:

Perform a one-dimensional search along the vector

(1-28)
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where Ax = Ty (1-29)
7) Update y based on the experience of the one-dimensional
search [ see EBguations (1-5)].
8) Go to step (2) and repeat until convergence is achieved.
Equations like (1-22) and (1-23) could also be applied to define a
weighted steepest descent algorithm for the original, untransposed coordinate
‘system. The best analogy to Eqﬁation (1~24) would involve using the diagonal
elements of the G in place of the dii' This approach wequires substantially
less computation to determine a search vecltor, since only the diagonal of the
G is required, and the diagonalization calculation is not used. However, if
interaction is at all significant, there will be no coincidence at all with
the Newionian vector, and this approach will be subﬁect to most of the
inefficient convergence problems usually experienced with ordinary steepest
descent. One significant reason for this is that it is impossible, in
general, to weight the Axi to make the SD search vector coincide with the NM
search vector. To see this more clearly, consider a quadratic function with

contours as shown in Figure 1-2.
Ko

ax

5D,

Fig; 1-2. Sb and Exact Search Vectors.
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The SD dirvection produces positive values for both Axl and sz whereas
the exact search vector requires Axl to be negative and Ax2 to be positive.
Thus, no positive weighting factors exist. It is not proper to use negative

weight factors since the property of truncation convergence would be destroyed.

To see this, consider a diagonal matrix of weights, V. Then a weighted SD
, .

direction would be
Ax = Vg (1-30)

Then Equation (1-6) becomes

d=
dg _ T = T o
o loro ~ & g |0 -8 Vg (1-31)
Thus %%— &0 will be always negative only if V is positive definite. Hence,

 each scale factor must be positive.

Therefore, scaling the y vector is another means of accelerating the
convergence of steepest descent. As long as the dii are positive, the ideal
weighting factors given hy FEquation (1-23) can be quite effective toward this
end. However, if there is a large difference in the magnitudes of the dii or
if any dii are negative or zero, the ideal weighting is either dangerous
or not possible. In these situations it has been found that the concept of
weighting the y vector is still useful but must be suitably modified. OCne

practical means of accomplishing this is that given by Equation (1-24).
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I. 5. Diagonal Discrimination (DD). It was discovered that (WSD) had

one significant shortcoming. That is, no consideration is given to the relation
between the dii and the corresponding elements of the transformed gradient, E;

- Thus, even if dii is such that ideal weighting is allowed, the Vs produced by

€

(WSD) might be excessively large because of a large Py The quadratic
approximation of q at x° upon which Newton's method is based is likely to

be poor at points far removed from the base point. Therefore, only in the
very fortunate but, unlikely (at least in practical applications) case that g
is almost exactly quadratically dependent upon a particular Vi would a long
move in that variagle be warranted. In order to account for this situation
the weighted steepest descent method was modified into another method called
diagonal discrimination (DD).

{DD) is a method which involves choosing a superior search vector based

upon the following two principles:

1) Transformation of the coordinate axes in order to remove local
interaction between wvariables.

2) Computing the elements of the search vector di;criminantly depending
upon the relationships betweén the diagonal elements of the trans-
formed Hessian and the length of a move as predicted by Newton's
method in the transformed ccordinate system.

Thé development of the method is conveniently begun by considering

Equation (1-19). Assume again that the columns of T have been rearranged so
that the dii appear in descen&ing algebralic order.

The logic of.DD presupposes that reasonable external scaling of the
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varigbles has been accomplished so that the following assumptions are likely

to be valid:

1

2)

The acceptability of a move (from a base point) calculated by
Newton's method can 5e'juﬁged from its length--long moves are

suspect.

In regard to the diagonalized G, positive dii which are several

"orders of magnitude smaller than the largest one ave indicative

of a linear dependence of ¢ on the associated y coordinate.
Negative dii are associated with those y coordinates for which the
objective function tends to exhibit a local maximum rather than a

minimuam.

Diagonal Discrimination then attempts to combine the best features of

the (G-N) method and (WSD) by computing the y vector components discriminantly,

That is, if the (G-N) move for a particular v is not too long and if the

associated dii is positive and not greatly different from d

172 then the (G-N)

calculation is used. Otherwise, s is found by (WSD) logie. A step-wise

presentation of the logic for DD follows:

i)

2)

3)

4)

Select a base point; X°, a steepest descent distancé factor, v,
and a steepésé deébéhf'thﬁeshold factor, §.

Compute g and G at the base point.

Find the T and D. Order D and T so that the dii are in descending
algébraic order.

Starting with Yy the elements of y are computed by (6-N) logic,

that is
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o
1]

-P; / di' (1-32)

until either

a) i=n
b) dg fedyg
c) v > 8

5) When the (G-N) sequence is {erminéted for reason (b) or (c) above,
at the kth y variable, then a switch is made to weighted steepest
descent logic treating Yy a8 the first (WSD) variablé. That is,
Y is aséigned a weighting factor of 1 and Yo Iyaps *ov» ¥, are

~ computed by the (WSD) method as described above.
6) If any 4, = 0 (these are called null-effect

parameters and are discussed in the next subsection).

7}  The vresulting y vector is converted back into a Ax vector by
bx = Ty (1-33)

and a one-dimensional search is performed along the X vector as
given by Bquation (1-28),
8) The distance factor, v, is updated using Equation (1-5).
9) ° Go to step (2) and repeat until convergence is achieved.
It can be shown in that the DD search vector has the property of
truncation comvergence. A discussion of parameter selection (8, v, 6, &)

is given below.
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Selection of B:

The choice of B, the maximum zllowable weight factor in Equation (1-24)
is not eritical. That is, the sensitivity of WSD to B is relatively slight.
A value of about lOu‘has beép used satisfactorily in almost all applications
of ﬁD.

Selection of +vy:

If the variables have been scaled (see next section) in any reasonable way
their expected value should be about unity, at least within a few orders of
magnitude. A change of 20-50% would, therefore, be considered relatively
" large. Therefore, if y is chosen to be 0.2, the length of the SD search vector
will limit each individual variable iﬂcrement to be less than 20% of unity.

The actﬁél initial choice of v is not too critical since it is updated at
each iteration.

Selection of §:

The steepest descent threshold factor, 8§, should be chosen with the
philoscophy that if some y; as calculated by Newton's method is greater than
§, then a switch should be made tc WSD logic. Again, if'reasonaﬁle external
scaling has been applied, a value of about 0.2 for.ﬁ has been found to be
satisfactory.

Selection of =:

The parameter ¢ is used to distinguish between small dii and those which
should be treated as zero. The choice of £ depends upon the number of significamt
digits carried in the arithmetic. Tor digital computer which carry d digits,

it is .recommended that € be chosen as follows:
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= 10 (1-31)

I. &6, Singularity of G and Null Effect Variables. The singularity of

the G matrix is usually caused by a phenomenon which shall be called null

effect. Thoge variables which cause this condition will be called null

effect variabléé. Null effect occurs when perturbation of a parameter

or of some linear combination of parameters has no significant effect on any
of the residdals in the sum of squares function. In a well posed problem,
null effect should not, of course, be present at the solution point.- For
systems of nonlinear equations, howgver, null effect is common at points
remcoved from the solution. This is caused by local redundancies or
inconsigtencies iﬁ the linearized versions of the equations. In either case,
two or more linear equations become parallel to each other and hence no

solution exists. As an example, consider the problem illustrated in Fig. 1-3.

Figure 1-3. TIllustration of Null Effect
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I. 7. External Scaling. External scaling of variables is desirable

(and highly recommended), primarily because of the problem of heterogeneous
- physical dimensions. Variables which have different ph&sical dimensions will
natu;ally have differen% ranéés of variation and different impact on the objec
function. In any numerical procedure it is desirable that the variables have
similar ranges-of variation because of round-off considerations. Vastly
different effects on the objective function lead to very elongated contours
of the cbjective function. The latter problem results in large differences
in the diagonal elements of the transformed Gauss-Newton matrix, G.

The most natu?al way to scale variables is by wa& of dimensional
analysis. That is, some variables may be made dimensionless by choosing a

natural scale factor. An example of this for temperature as the variables

wonld be to set

t -t
't* = '_t—_-g—‘ (1-35)
U L
.where t#* = dimensionless temperature

tys T, = upper and lower bounds on the range of temperature to be

considered

In addition to having no physical wunits, the dimensionless temperature would
also, conveniently, vary between zero and one.
However, it is not always possible or practical to scale the problem

as suggested on the basis of dimensional amalysis. Another way of arriving

at scaled variables which has proven to be effective and satisfactory is to
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choosé-an.increment for numerical differentiation which will cause a change
in the objective function in the last three or four digits (as available on
the computer to be used)- Then_choose an external scale factor which will

cause the scaled increment for differentiation to be the same for all

variables. That is,

Syi
e, = 4;;— (1-36)
1 ]
where cd = increment for.differentiation of scaled varisbles
ei = external scale factor for xi
Gyi = chosen increment for numerical differentiation of unscaled
variables

This technique can usually be carried out easily if the problem solver has
some basic knowledge of the problem and if sound engineering judgement is
applied. Variable scaling is automatically provided in the computer programs

described herein.
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I1. User's Manual for Implementing Computer Programs.

Ir. 1. Basic Characteristics. The basic characteristics of the system

are as follows:

1) The user sets up arrays containing starting values or simply a

range for the parameters being sought, and then starts DD action
by the appropriate subroutine calls.

2) Thereaftew, until the iterative procedure is terminated by
the subroutines, the values contained in the parametér array are
under control of the subroutines. 'The user must provide programming
1o calculate residuals for the equations for any set of values in
the parameter array, on demend by the DD algorithm.

3) When control is released, the parameter array will contain "best"
values, i.e., those which cause the sum of squares of residuals
to be a minimunm.

b) ALl reéuired partial derivatives are cbtained ﬁumerica{ky.

5) There are no internal limits on the Size.of problems due to dimensions,
etc. It is possible to solve problems as large as about 200
parameters and 200 equations.

6) No special NASA system features are required.

II. 2. Skeletal Tllustration. A skeletal illustration of a main program

which meets the basic requirements for using the subroutines which implemsnt

dizagonal discrimination is shown in the following:
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DIMENSTON X('*), SCALE (), S(+*), SX(--), G(**), XX(**), MODE (**),
RHS(-+), DXBAR('"), ﬁxx(--) pQ(-+), DQX(--), YBASE(..),
¥(--), D2Q(--), XMIN(-:}, XMAX(--)

.COMMON / DDCOM / COM(9), KCOM(13)

EQUIVALENCE (KCOM(1l), NCASE), (KCOM(2), NVAR), (KCOM(3), IPRNT)

NCASE = (specify a number .of equations)
NVAR = (specify number of unknown parameters)
IPRNT = {specify output option)
XMINC )=
X( ) = (make initial guesses) or (specify range on each variable)
RMAX( )=
KODE = 0 XODE = 1

10 CALL CONST
CALL DDSET (KODE, NVAR, X, XMIN, XMAX, SCALE)
20 CALL DDRG (S, SX, G, XX, MODE, RH3, DXBAR, DXX, DQ, DQX, Y, YBASE,
bY, X, SCALE, D2Q, SCALR)
IF (KComM(5) .LE. 0)-G9.T9_100
CALL NEWSCL (X, SCALE)
Y( ) = (calculate residuals for all equations)
GO TGO 20
100 IF (XcoM(s) .EQ. 0) GO TO 200
G0 TO 10

200 ... {problem completed)
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The dimension statements establish memory requirements for all arrays.

Minimum space vequirements for these are outlined below:

Minimum
Array Name Dimension
X,SCALE,XX,M@TE, RHS , DXBAR, DXX, D}, DOX , D2Q,SCALR, NVAR
XMIN , XMAX
Y,YBASE NCASE
S,8X,6 (NAR) 2
DY (NVAR) X(NCASE)

where NVAR = Number of parameters to be determined

NCASE = Number of eguations

The CPMMON statement creates linkage of the listed variables between
the main program and the D.D. subroutines.
The regression calculations are initiated by calling subroutine DDRG,
statement 20 above. However, prior to this, four things must have been done:
1) Specify NVAR and NCASE.
2)  Set the print control, IPRNT.
3) Put starting values (initial guesses) for the parameter in the
X array or specify lower and upper bounds on each parameter
(XMIN and XMAX). .

)  Set regression controls by calling subroutines CONST and DDSET.
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The action required after the return from subroutine DDRG depends

on the value of KCOM(5) as set by that subroutine: ]
When KCOM(5)=0, the subroutines have probably completed

‘their operation. If é normal finish was obtained, KCOM(8)

will be returned as a zero. At this point the X array will

contain the parameter values corresonding to the problem

solution, and the final sum of squares, SIGMA, will be 5}0_9.

[f KCOM(8)#0, a false solution was found and a vestart (from a

1i fferent initial guess) should be initiated by returning to

tﬁe call of CONST. When KCOM(5)>0, the main program must calculate

the values of the 'residuals" and place these values in the

Y array. If the equations are written so that all terms appear

on only one side of the equal sign (e.g-, x12 + 2X22 = 0), then

the Y array contains the curvent value of that side of the

equation [e.g., Y(1) = X(L)*%2+2,0%X(2)%%2].

If it is desired to sfart the solution of another set of equations, NVAR,
NCASE. IPRNT and MASCT should be reset and subroutines CONST and DDSET should
be called again before the next initial eall of DDRG.

II. 3. Internal Print Control and Output Description. The D.D. subroutines

brought into action by the call of DDRG furnish considerable information
during the progress of the calculation if the contained print statements are
not suppressed. Suppression can be accomplished by setting IPRNT=0.

Information for only the last iteration is obtained if IPRRNT=1l. However,



T

when new probleﬁs are vun, it is strongly recommended that the complete
internal print facility £e used by setting IPRNT=2.
Qutput items appear in the following sequence:
1} Heading line
2) Table of starting values and scale factors for parameters
3) Table of regression controls
4)  Iteration line
5) Parameter, Internal variable table
65 Search table
7) ° Termination explanation
Items 4 through 6 are repeated for each iteration when IPRNT=2.
Items described in the Iteration Line are as follows:
ITER NO Iteration number, beginning with one
INACTIVE Number of "mull effect" parameters for this iteration
(see Section I.6.)
DIST This is the distance of the desired first try along
the search vector, in the scaled parameter space.
FSD This is the current value of the steepest descent
distance factor.
SIGMA Current value of the sum of squavres
Under PARAMETERS aﬁe three columns giving respectively the parameter
number, the current value and the parameter increment corresponding to the
desired first try along the .search vector.
Under INTERNAL VARIABLES ave four columns, all referring to the

transformed coordinates. They are respectively the diagonalized Gauss-Newton
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métrix, elements, dii’ fipst partial derivatives of the sum of squares,
coordinate inerement for first try along the search vector and the

MODE of incrementing the transformed coordinates. These MODES are as

follows:
0 - Causs-Newton
1 -~ Steepest Descent
-2 - Null Effect

The one-dimensional search table under SRCHS contains two columns which

contain

FX - The factor multiplied by the’ search vector increment to
obtain a trial point. The last one printed is the
optimum one,

ACTION = Hollerith information which describes the progress

of the search

SIGMA - The value of the sum of squares For the corresponding

value of X

The termination explanation is self-explanatory.-

II. 4, Storage Requirements. The large bulk of the required storage for

the b.D. program is taken up by the arrays contained in the DIMENSION
statement. If there are N equations and N unknowns, this requirement calls
for 15N + 3N2 words of storage. For a 200 variable problem, this would
require about 43,000 words. Thus, this size problem should be well within

the storage limits- of the Univac 1108 computer.
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Ir. s. Special Features. There are two special features of the D.D.

program which deserve maniipn. Thgse are an automatic rastart procedure
and the ability to tyeat sets of underdetermined ovr overdetermined nonlinear
equations.

The auvtomatic restart procedure operates as Follows:

When KCOM(S)EG,’the problem has been‘solved gatisfactorlily
only if KCOM(8)=C. If this is not the case, then a return to the
call of CONST and DDSET causes a new (random) starting point to be

_generated within the feasible space (i.e., XAX(I) > X(T) > XHIN(I),

I=1, 2, ..., NVAR). Note, therefore, that XMIN and XMAX must be

gpecified even if the X@DE=0 option were used on the initial start

-of the problem. This vestart procedure will be genervated a maximum

of five times. The vestart procedure can be suppressed by deleting

the test of KCOM(8). That is, at statement 100, the problem is

complete.

In order o solve sets of underdetermined equations (i.e., more
variables than equations) or overdetermined equations (i.e., fewer variables
than equations), it is necessary only *to provide the proper vélues for
NVAR and NCASE. In the ;asé'of‘;verde%ermineé sets, a csmgro%ise solution

{i.e., a minimum sum of squares solution) is all that can be eﬁgected.

Therefore, the automatic restart procedure should be suppressed as described

ahove.
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SAMPLE PROBLEM

A sample problem is included to illustrate further the programming
requirements and usage. In particular, the system of linear algebraic

equations

N
e
1
»
I
[

are solved from the initial guess %, = 1/2, x, = 1/2. The answers are

1 2

‘% = 2/3, %, = 1/3. The solution was not reached in one iteration because
the required step size exceeded the limits normally provided and WSD
was used,

A listing of the main program and printed cutput are given below.



; DIMENSTON X({2)ySCAUE(2Y,S(4) 1SX1{4)yGl&] XX 12) +MODE(2) ¢ -
‘-1 _RHS(2),DXBAR{2):DXX{2),.DQ{2),DQX{2},YBASEI2)»Y{2),02Q(2}, :

2 SCALRI{2)sDY(4) s XMIN(2) wXMAX(2) i - i

s ! !

__COMMON /TDCOM/ ' ‘ :

"SSCAL,.FIT,FDSCD,FDERV, DSTMNFSD,SIGMA,DXMAX,DSCAL, NCASE,
2 NVARyIPRNTMAXCT ,1CODE, INEW, ICASE,RLUE;ITER»NKICK;NREIJ

3 LVAR,NEWSTR . , ; ! :

'..4

__NCASE = 2 . : L i ! , ;
IPRNT = 2 : : iy ; _: : ‘

|
DO 2 I= 1, NVAR . ) b X . : !

. XMIN(ID) = 0.0 - : ! ; ! : ;
2 AMAX{I) = 1.0 2 . ; ‘ i ;
. . : !

R X(1} ='0.5 ; : : : . ;
X{2) = 0.5 , , C . 5 R .
KODE = 0 : : . . .

10 CALL CONST ' ! f
CALL BDSET(KODE,NVAR,XsXMINsXMAXs SCALESNEWSTR)

17 CALL DDRG (S+SX3sGyXXsMODE,RHS »DXBAR »DXX, DQ,DQXI?}?EK%E DYy Xy
- ’ SCALE+D2Q,SCALR)
IF{ICODE .LE. 0} GO TG 100

CALL NEWSCL{X,SCALE) . : : :

8 Y1) = 2.%x{1) — X{2) - ; 0 R

Y{2) = x{1) + X(2) = 1.0 : : .

100 _FF(KLUE .£Q. 0) GO TO 200
‘GO TO 10 - : e
200 CALL EXIT : :

END




poroouz, PR

CE~ITFS

oL anE CORAPUTER

Camg e a1 — 8 - — : £ 4 - 3 : . ; ” ]
T TRGNLINEAR EQUATIONS VIA D.D. g R : : i g : P : ; : , i ;
. e - i . ! & i X H ! P N ! . r .
STARTING  ° : L i 5 f i i i | : : : ' A ,
. VALUE _SCALE TR : : - i ! : . : ! ; 1 :
) ' - ! Pl ! i v : ? ; : ' ' : : X
1 0.500000E_00, 0.5000£_00 T : ! ! i i ' ; : '
2 0.,50CC00E QO 0.5000€8 GO : i ! |- I ! | ! | i : | i i
. . i 1 { 1 ' i I 1 H H . i .
S : . » : ; : : : : : ‘ ! . ,
PARAMETER VALUES ‘ : ; : P ! | ; ; 1 ! ; i : i
o FIT_.. _=_0.1000E-(8 i : i f | ! : 3 : i : | . |
HAXCNT = 20 . : : ! : ! ! ! i i : } :
_______ DXMAX _= 0.10D0G0E _C2 ' : ; : ; i L t i : ? : L
DSCALE = 0.20008 GL | : : E E i % i i '
____SSCALE = _0.200CE_Gl . : : ' ! i A ' i : i o
FSD = 0.20006 €O : i ; ; 1 : i :
. NVAR  _= 2 - : : : [ 1 : ; '
NCASE = 2 . ; ' ; i i : ;
7 FDERIV_= 0.1000£=02 : : ‘ H L : '
DSTMIN = G.5C00E-C1 ] X . i : : Py :
FDSCRD = 0,0C00E-38 _ } = : ' -
. : i . ' .
_ ITER MO, _ —IMACTEVE-  DIST___ _ FSO___ - - STGMA _ .o
1 "0 G.25476 0.20000 - 0.250000€ 00
o o TTTPARAMETERS o ' ' . INTERNAL VARIABLES
T 0 E0B000E 00 0,842 L93E-0L * 0.1250E 0L  —0.50008 00 0.20000 1
z ¢.500000E8 €O -0.789034E-01 * _0+4500E_00,..._0.1500E 00 _=0.15781 1 — e e
O SRCHS _ i i
FX ACTION SIGMA ;
- .. 2.50000E8-01 e
1.COCOE 00 TRY MCRE - 6.38643E-02
______ 2.C0C0E_GO_ ___TAKE 1.41297E=04 . o o e
_ ITER NQ __ ~INACTIVE=__ " DIST______ FSD____ SIGHA o
2 0 0.02589 0.278216 D.141297E~03
T T T T T T B ARANMETER S INTERNAL VARiABLES - .
T 17 T 0.668439E 00 —0.177206E-02 * 0.22345 01 -0.1997E-07 0.60000 O
2 0.342193E 00 -0.885993:£-02 - * 0.2108E_ 0D 0.5457E=02 __—0.0258% 0 .
: . 1 H ' £ f . . \ ; l K ]
_ SRCHS : - : v f ’ : : ’ E —
FX ACTION - SIGHA = | ; : :
e La51297E-04 : '
1.G000E 00 TRY HGRE . 3.13638E-14 . ; :
_..2.0000E 00 TAKE PREV 1,41297E-04 | ! ; = : : . :
_ _LTER_NG __—INACTLVE- 01S¥ ) : f f SIGMA. o
3 o 0.00000 0,27826 ; . i ; : ' © 0.313638E-13
T PARANETERS ; S a . INTERNAL VARiABLES T !
B! 0.666667C G0 0.769900E-07 i 0.2222€ 01 , ~0.26336-06 . 0.00000 ¢ . : , L
2 G.333333E 00 -0.993354L~08 D% 0.2000E 00 .« 0.59605-08 _—0.00000 __ 0 ! : :
- E ! N i B . H | | H " - . l
DDy FINLSH NORMAL L G i i Rl L L , -




LISTING OF FORTRAN IV COMPUTER PROGRAMS



1 'SUBROUTINE NEWFSD (FX, DQDZB, FSD)

g : .- ! ! |
b 11 IF (FX) 12,12,21 : : oo
ot 12 FACT = 0.25 L : ‘ i
i 13 GO TQ 31 ; e § ' g
C‘-‘ . - i : !

i 21 Z = 0.88255%ATAN(0.56654%ALOG(FX))
22 FACT = EXP{Z) - .

¢ T

31 _FSD_= FSD_% FACT ‘
T 32 RETURN
G

END ) : ’




g SUBROUTINE CONST ¢ [ R S P | i !
» THIS SUBROUTINE SETS THE NDRMAL REGRESS L.ON CONTROLS

i1 ' +r 1
N I |
"COMRON 7TDCOM/ ‘ )

¥ SSCALFIT,FDSCD,FDERVY; BSTMN,FSD S LGMA; DXMAX s DSCALLNCASE,

{2 NVAR, IPRNT{MAXCT 1CODEs INEW,ICASE;KLUEITER {NKICK.NRET,
i 3 IVAR,NEWSIR ] .
: T SSCAL = 2.0 g ;

FIT. = 0.1

c} mamro f oo ——

H [
: 1

e e OO

H
|
H
1 t
l

{
I

1

T

i R i
: s

i

e

KLUE

_NKICK =

TMAXCT
CFIT =

FDSCD = 0.
— _NEWSTR =0

llr—-ll
L

RETURN : ‘ : E :
END - :
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1. SUBROUTINE TDVEC (N, NRES, SIGMA, DQ; ND2Qy 'D2Q, FSD, FSCALY
FDSCR _». DX, MODE, INACT, NSD» NOEXY : :

|
|

THIS SUBROUTINE_PERFORMS_ ROTAIIGNAL DISCRIMI ATION _LOGIC _TQ

DETERNINE A SEARCH INCREMENT VECTDR

t
i
H
]

C
—(:’f .
G
G- ]
G INPUT“ , ; : i ! !
¢ N - NQ:_ﬁE“MARIABL&S__§E§£§le_m&“_Dﬂi : '
C : NRES — NO. OF RESIDUALS : L. i
C \ SIGMA — SUM_OF SQUARED RESIDUALS i : :
C DQ —~ ARRAY GF PARTIAL DERIVATIVES OF SIGMA
C ND2Q _— REPEAT CYCLE FOR D2Q_ .
C D2Q ~ MATRIX OF SECOND PARTIAL DERIVATLVES OF SIGMA
€ FSD = LIMITING DISTANCE FOR VARIABLE MOVE : )
C FSCAL — LOG(10) OF UPPER BOUND FOR INTERNAL SCALING FACTORS
C EDSCROD- ,UPPER BOUND FOR ACCEPTABLE STANDARD _DEVIATION IN __
C VARIABLE ESTIMATION -- SET Z2BRO LF STATISTICAL
c TEST IS TO BE IGNORED . : _—
c
c_ GuTPUT= ‘ i = = i
c DX —_ SEARCH INCREMENT VECTOR ‘
(o MODE - ARRAY INDICATING , CALCULATION MECHANISM _FOR ELEMENTS
c IN DX= .
C 0__ -  GAUSS—-NEWTON . :
[ 1 - STEEPEST-DESCENT ' .
C 2 _— _SD TRUNCATED BY FSD LIMIT .
c —1 -~ DEACTIVATED DUE -TO STANDARD DEVIATION COR
c _MOVE, AS CALC BY GAUSS—NEWTON, BEING
¥ ESTIMATE BEING ABOVE UPPER BOUNDS AND
C . LESS THAN ST DEV CF ESTIMATE e
c -2 - DEACTIVAYED DUE 7O SECOND DERIV BEING
c. L e . ebEe 10=9 X LARGEST _SECOND_DERIV
C INACT — NO. OF DEACTIVATED VARIABLES
C NSD __ - NO. OF VARIABLES IN SD (MODES 1 OR 2) ) —
c NOEX -~ NO. OF VARIABLES NOT DEACTIVATED BUT WITH EXCESSIVE
K _ST_DEV _OF ESTIMATE
"
L __NOTE= .
C THIS PROGRAN USES ONLY THE DIAGONAL ELEMENTS OF D2Q. IF
C __THESE HAVE: AUREADY BEEN CONDENSEDs I+B.s; PUT _IN_ A ONE~ .
c " DIMENSIONAL ARRAY OF DIAGONAL ELEMENTS ONLY, USE THIS ARRAY
C AS_D2Q AND SET ND2Q = 0.
c . ’ : . : !
2 DIMENSION D0Q(1)s DX(1), MODE(1}, D2Q{1) i i g :
C ‘ . : )

1 l h S D = O___ ———— f 3 ';
LT 12 INACT = O " ; : i E :
_KOEX = 0 ‘ : ; i i :

~1SD = 0.0 ; i ! ! i .
__13 IF (N}_999,999,14 . : 1 i : !
14 ND2QP = ND2Q + 1 ) ! : ; :
15 BCHK = 1.0E-9 x ABS(DZQ(I)J | | ) , )
16 VARIA = SIGMA/SQRT(FLDAT{NRES)) ; ' ; i ! 1
17 IF (FDSCR ) 21 21418 ) : i { 5 ; :




185VCHK = VARIA /FDSCR %2

KEX 5 O : T ; : !

23 1F (FDSCR } 31¢31,2%&

C.I : i i ' B : f } ‘f
i 21 11 =1 L : { ! !
i 22 CO 92 1 = 1+N . oL s ; : 3

i H
]
i

24 1F (D2Q{TIi} ~ VCHK) 25,31,31

]
i
v
¥

25 1F (DQIT)*%2 = VARTA «DZQ(II)) 26130430
26 FODE(I) = —1 ;

27 TNACT = INACT + 1

, 28 DX{I) = 0. . i ! t : ,

29 G0 T0 91 . : , : ' :

C : : : oo f E ;

30 KEX = 1 o ! : 5 :

31 _IF (D2Q{1I) ~ DCHK) 32,32,34% : : % i

32 VODE(IY = =2 e : ; : g

33 GO 70 27 : iy ‘ : ; ! :
T34 ROEX = NOEX + KEX ; : § | :
C ' - ' |

4] TF OINSDY 42,435,611

TTTA5 G0 T0 91

42 IF (ABngQ(L)) - FSD=p2Q(I1)) 43r43 51
43 ©X{1}) = -bQtiysozaliry g
44 NODE(I) = 0

52 1ISD = II

T 55 MODE{I} =1

57 GO TO 91
C.

— e e e e ———— ———

TE3NODE(L) =0

"53 CALL RESCAL (N-I1SD+1, ND2Q, 02Q(11S07,

54 CX(1) = —=SIGN(FSD,DQ(1))

FSCAL .

DXTTT]

56 NSD = NSD + ]

61 IF 10QUIMY Ty, T
62 CX(1) = 0. .

64 GO TO 91

1

H

TEST = ABS(DX(1)) - YBIG S

c .
71 IF (ABS(DQ(I)) —~ ABS{DQCISDM)/DX(I)%%2) 72,72,8l
TTZTCXK(1) E -DQUI) TE T RSD TE DX(ITE%2 /T ABS(DQUTISDY)
. 13 GO TO 55
C T .
81 OX({I) = —SIGNIFSD, DQ(I}} :
T 82 NODE(IY =2 . . :
83 GO TO 56 - . s '
C o : : : :
91 II = IT + ND2QP : ) i ' :
T 92T CONTINUE 5 '
C ’ ' : : ! :
TIF{TSD LEQ. 0)Y GOTO 999 ; : :
. YBIG = 0.0 : : . ! 5
T I D093 IT=ETISOLN . - i

TEUTEST . GT. 0.0y YBIG = ABS{OX(T)Y
93 . CONTINUE ‘



1 ' i 1 | I
| | DO 94 Isrspyni o b
{94 DXTI) ={(DX{I)} / YBIG) * FSD -
c * : : : 4 { !
.4 999 RETURN ' | i !
R ‘ : l ! f
Y t END ; i ;
- [ I 1 ; E
; . i i ! 1




1 SUBROUTINE CONRE (N, FDSCR 4y FITs -SIGMA,. NCASEs INACT;
N -

11 LTER, MODE, DX, NDERZ, DERZ, IEXIT) :

NOEX,

i
] N 4 I : 1 . ]l
¥

i
Z'DIMENSIOK MODE(L)y DXE1): DERZ(I! : ;

7

THIS SUBRDUTINE DETERMIN;S _WHETHER REMAINI\G STEPS

VARIABLES ARE SHMALL ENDUGH TO SATISFY CDNVERGENCE
CRITERIDN»

B alleNaliolel el

11 IEXIT = 0

C

© 22 IF (SIGMA — FIT) 998,998,999 -5 : !

l

NSDs

€ - : . . i L]

127 1F (N) 998,998,21 ‘ : T : :

51 1F (FDSCR ). 22:22:31 .t | ;

L

.38 EPS = SCRT(SIGMA)/FLOATINDE)

31 IF_ (NOEX) 32,432,999

32 1F (NSD = (N—INACT}/&) 33,33,999
33 IF [ITER) 34:34,35

34 IF {INACT) 35,35,999
. 35 NDF = NCASE - N + INACT

737718 INDF) 999,999,38 . . ‘ . i ;

41 1T = 1

42 L0 45 1 = 1I.N
43 IF {MODE(I}) 45,4444

%4 TF {SQRT{ABS(DERZ (IL)})*ABSIDX(I}) — FIT®EPS) 451455999

45 11 = 1T + NDER2 + 1

46 GO TO 998

998  IEXIT = 1
_.939 RETURN _

"END .




1 SUBRDUTINE HATMPY {MIs MJ; MK, MA, MB:; MC, Aﬁ B, C}
i i . M i

i 3

2 DIMENSIDN Atll, B(1)y C(1} i

JMATRIX MULTLPLICATION C = A X B
CiMl, MJ) = A(MIsMK ) X _Bi{MK.MJ)

o o | s

“AE_QXCLES—* ABS. VALUES"QFWﬁA,_ﬂB,MﬁC : ’

nﬁndnobﬂmﬁ

REP '
TO USE INVERSE OF A,B, OR C: MAKE MA;MB, OR MC NEGATIVE

C IF A OR B IS DIAGOAAL, SET MI CR MJ = O : ;
_ (TRUE DIMENSIONS MI=MJ=MK) : j

L_
¢ .
€_T10 _USE_CONDENSED_DIAGONAL FORM _(XCOND(I) = X{T,L})

C SET MA,MB, OR MC = O ; ,
c_ . ' i
¢ JTHIS VERSION HAS NO DOUBLE PRECISION OPTILON :
C .
10 KREV = 0 : , ; ,
11 IF_(MI) 12441,12 : : . : :
12 1F (MJ) 13,51.13 - ‘ P g !
13 JREM = _MJ__ X . : : .
JREMO = JREM . , : ! ;
__KRESE_ = MK R - - - :
IREM = MI ' : : :
C : ' ) i
21 IF [MA) 23422422 ,
___uzg IKOIN =1
IKLNC = MA
GO TO 24 . .
23 IKOIN = LABS{MA)
IKINC = L _ . __
24 1F {MB) 26,2525 - ‘ ;
__ 25 KJOIN __ = MB - : :
KJINC = 1 ] T X
. GO TO 27___ : J :
26 KJOIN =1
KJLNC =_TABS{MB) . -
TT27 KJXIN =0 - , \ : ;
_ __PMMC = _MC i ‘ : '
GO 70 71 . ; :
C

41 IF (MJ) 42,61,42

42 JREM_=_MJ . : S, ! *
TIREMO = JREM | T ’ : '

IREM = JREM ; :
TKRESE = 1 - : ; : | ; t
_ IKOIN__= 1 * TABS(MA) e ; v : :
T MMB = MB - : ; T ¥ §
_ MMGe= MC__ ! i | ; ! \
. 43 IF (MMB) 45,4444 : ~ ; ; ; ! :
4 4 E;OI&"‘# ﬂﬂB 1 : i ; i : ]
. KUXIN =1 : ' - ) : 5 | ; |

GO TO 46 : P : g ;



http:42,,61,.42
http:13,.51,.13
http:12.41,.12

_ askgorn_ = o b b b b o
: KIXINT = 1ABS(MMBY : | ; ; i :
4 46 60 TO 71 - 3 : 1 ; :
¢ ! : : 5 | i y 3 | '
i 5) JREM = MI : ) i i ! ! [ : -
T JREMOD = JREM ! | : ! ; :
! IREM = JREM ; s ! | | i :
KRESE = 1 : : | ; ! i | s
. IKOIN = 1 + TABS{MB . ' : ! ' s i
(T MB= -MA S E 3
PMC = -MC i ; : i ! : :
KREV = 1 - ; | ! i ;
G0 10 43 : : : ; ' :
¢ } ‘ ’ : T C i
" 61 IF (MC} 62:65,62 : E : : { 3 s A
T 62 1JDEL = TABS(MC) ) ; ; , il :
140_= 1 ) ; : ; : ! :
T EO 64 1= L4 MK , : B : ; ;
1J = 1J0 i = 3 ; ; :
T ED 6370 = 1,MK : : ; ! ; 5 : 1 !
' C{LJ} = O. ' ' ; : ) E : *
63 10 = 1J + 1 ; : ! ; 1 : s
64 1J0 = 1J0 + ITJDEL i ! ; ; i :
TE5TIREM = MK T 5 :
" KRESE = 1 ‘ : f
T TTUREM =TT : : i
JREMO = 1 ' :
TTTEETIROINTTE LT F TABS(MA) g
KJXIN = 1 + IABS(MB) i
TTTTTTIIOINT T =71 ¥ TABS(MCY : :
. GO 7D 101 ! :
C ’ : i
71 1F (MMC)Y 73,7272 : t ‘
T2 TIJINC = MMC ; : : .
IJOIN =1 : ' % i :
""""" GO 10 74 _ : : ‘ .
73 TJINC = 1 ; ; '
TTTTTTTTTTJO N = TTABS (MHCH 1 . ,
74 GO TO 101 : . .
< ;
101 1J =1 ; X :
TTTTTTII0 =1 ; ( ; _ : :
IK = 1 : i ; ' 3 H t
IKOT="1IK ' : ; : - ;
. Kd = 1 : : ' '
{027 K0T ="K ; : ; ; ! :
KJX = KJ ; : _ : e :
TTIO3TKREMTE TKRESE . . : 1 i . ; ; :
: SUM = 0. Ty : : g i : ! i
c ' : ) ) | 1 H ' : ]
111 IF {KREV) 112,112,115 ‘ ! : : 1 ? '
12T IFTCACIKDY 113,12105113 . , . i ; :
113 CIF (BUKJ)) 114,121,114 - ! : i i !
TTTRYETSUM = SUM T ALTKIERB(KI) ; : : : ;
60 70 121 . : : } ;




i

) 1 : :
o121 KREM = KREM - 1

! 117 'SUM = SUM_+ ACKJI%B(IK)

3115 IF (A(KJ)) 116,121,116
© 116 IF (B(IK)) 117,121,117

[

I

i IF {KREM) 123,123,12

1

Lt e | e b

I 122 IK = IK_+ IKINC
a KJ = KJ + KJINC
60 10 111

2

.

C .
123 C{IJ) = SUM__

IJ = IJ + LJINC
JREM = JREM — 1

124 KJO = KJO *+ KJOIN

IF (JREM) 131,131,124

Kd = KJO
1K = IKO

GO TO 103

131 IREM = IREM - 1
132 1J0 = 1J0 + IJOIN
1J = 1Jo

IF (IREM) 999,999,132

JREM. = JREMO

_ T IKg = IKO % IKOIN __

N IK = IKO®
KJ = KJX + KJIXIN

6o 1D 102
C

"~ 999 RETURN
c




1 SUBROUTINE RESCAL (hy NDIAG, DIAG, F10, ‘SCAL) :
! ¢ T ; i -t
! INPUT— ' P o : i }
! i N = NO. OF ITEMS TO _BE_RESCALED !
i

i
i
i

. NDIAG - LEFT DIMENSION OF CONTROLLING MATRIX DIAG

' ' « f1F IDAG_1S5_ONE=DIMENSLONAL. SBY NDIAG =0}

]

C

G

<

C

C

G ] i DIAG — CONTROLLING MATRIX - i
C : : i IF_TWO~-DIMENSIONAL. CONTROLLLNG ELE:ENTS MUST_ ..
c ' :

C

C

¢

c

c

BE ON DIAGONAL _
F10 — MAXIMUM CYCLES OF 10 ALLOWED IN SCAL '
oUTPUT=
SCAL - ARRAY OF N _RESCALE FALIORS

2° CIMENSION DIAG(1l), SCAL{1) . -

- 11 IF (N~ 1) 993,13,12 ‘ P

12 IF (F10) 13,13,21 T ; ; ;

13 0O 14 1 = 1,N : o : L
14 SCAL{I) = 1.0 : ;
_...15.60 70 999 = i !
¢ : ‘ L - ; . '
- 21 DMAX =_ DIAGI1) : : L : I ; ‘
22 11 =1 ‘ : i ‘ ; .
23 CO 25 1 = 2,N_ ____ - : ' ,
24 :11 = 11 + NDIAG + 1 - : :
25 CMAX = AMAXL1{DMAX,DIAG(II)} e
26 IF (UMAX) 13,13,31 - ' -
c__ _
3111 =1
° 32 FACT = ALOG(10.0}%F10
33 00 39 [ = 1,N ;
34 IF (DIAG(II1)/DMAX) 35,35,37 : :
35 SCAL{L) = EXP{FACT) . C i
.36 GO TO0 38_ ‘
37 SCAL{I) = EXP(FACT#(1.0 — EXP(0.5% ALOG(DIAG(LI)/DHAX)/FﬁCT))i
38 Il = Il + _NDIAG +_1 _ -
39 CONTINUE
C H
7999 RETURN I . ; ! | i
C ! ! . :
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1 \SUBROUTINE IDENT (N, S, NS} | 1
t THLS IS SUBROUTINE IDENT P -

.
P ]

N

i 1

1 1 1
i

| ; : : : : !
CALL TDENT _{N: S, NS) CAUSES AN _IDENTITY MATRIX (M)
BE PLACED _IN Sy WITH LEFT DIMENSION OF § = NS.

. f "
o ala olo alo_

. IF NS = 0, ACTION IS SKIPPED g | ool

! ' . t . i ; ! i ! i

{- 2 DIMENSION s(1) . . i b i ; ' i
. : P ; : E E '
' ‘ 11 IF-(N) 999,999,112 : ‘ ! ; ; ! '
_» 12 1F (NS) 999,999,13 i ' : i
13 TJdX =1 X ) k i ! t E :

i L4 B0 19 1 = 1,N L : | ; 1 :

v 15 1d = 14X " ) i !

__"16 CO 18 J = 1.N = : : : : ; f
17 S(LJ)} =0. _ - o i : . i
18 1J = 1J + 1 : ; : - ; _

19 TJX = T4X + NS

c : P !
21 14 : .. : . :

I
fn

22 INC

23 CO 25

I
_24-51LJ) =
J

999 RETURN
C

END ] :




™ 1 SUBROUTINE MOVE-(N, A; B} E
C ' THIS IS SUBROUTINE MOVE - i
C 'R . : ~ : .

i 2 DIMENSION A1}, B(L) |
G ' : i :

i 11 IF (N} 999:.999,12 !

12 BG 13 1 = 14N -

I 13 B(L) = A({I} _ : i
c T -

" 999 RETURN . ‘ :

C ; ’ : !
END ’ i f

s = , :

: E : i

: ' ' " A




"1 .SUBROUTINE ORDS (N, NSEP, MDIAG, DIAG, MS, NS, S}
C : THIS 1S SUBRQUTINE DRDS . t

s v {
. "Eiii%é
. 2 DIMENSION DIAG(1), S-(1) ! oo ! ;
G ' o i ! M
C. 'THIS SUBROUTINE INTERCHANGES THE DIAGONAL. ELEMENTS_QE"_________
C NATRIX DIAG SO THAT THE NSEP SMALLEST VALUES OCCUPY THE
‘G LAST NSEP DILAGONAL POSITIONS IN_DESCENDING ORDER. _IT
" C ALSO MAKES THE CORRESPONDING: CHAVGES IN MATRIX S BY
C INTERCHANGING COLUMNS s : i
C _:',:::
C INPUT= ' . 5 5 ‘ : L
C N - ABS(N! = NO. OF ROWS AND COLUMNS IN DIAG AND S
C - SGN(N)_= +, ORDERING_IS_TO BE_BASED_ON_MAGNITUDE __
c _ _ SGN{N} = —, DRDERING 1S TO BE ALGEBRAIC
- € o * NSEP = NO. OF_DIAGONAL ELEMENTS TO_BE ORDERED AT BOTTOM
c MDTACTS LEFT DIMENSION OF DIAG (IF DIAG IS A CONDENSED,
G ‘ 1.E., ONE-DIMENSIONAL ARRAY. SET-MOIAG_= 0)
[¢ DIAG = MATRIX WHOSE DIAGONAL ELEMENTS ARE TD BE
C _RECRDERED ______. :
C MS = LEFT DIMENSION -OF MATRIX S . : ;
C NS = NO. OF ELEMENTS_PER COLUMN_IN S
C § = MATRIX WHOSE COLUMNS ARE TO BE REORDERED
‘-
C QUTPUT= :
L DIAG, S = REQRDERED_MATRICES
G . : R :
Y1 NN = IABS(N) : !
T12 IF (NN) 9993999,13 : o : :
13 NSTGP _= MAXO(L, NN-NSEP)
o
21 NREP = NN__
22 1F (NREP — NSTOP) 999,999,23 ,
23 IMIN =_1 : -
24 1F {N) 25,25,27 - - ; : P
25 XMIN = DIAG(1) - '
T 26 GO TO 31 : ‘
27 XMIN = ABS(DIAG(1)) :
C ) !
i

T2031 TIMIN = 1
32 CO_45 1 = 2,NREP ' : : : ‘
3311 = 11 + MDIAG + 1 ; _ S
34 1F (N) 35,35,37 . - : :
35 X = DIAG(I) : ' : i T : '
36 GO _T0 41 . : ; : ' ? ; ;

37 X = ABS(DIAG(LI)) ? :

31 11 = 1. : S ;

T 41 IF (X - XMIN) 42,42.45 R
42 XMIN = X ; m i
43 IMIN = 1. : . 3 - ;
P44 TIMIN = 11 } i P = :
45 CONTINUE i : ‘ =




51 'IF {(IMIN — NREP) 52,71,52

Ti 54 CIAG(IT) = X

527X = DIAGUITHMIN)

53 CIAG(IIMIN) = DIAG(II}

55 IF [NS) 71,714+61

61 IJMIN = 1 + MS*(IMIN - 11
62713 = 1 + MS®{NREP =11 -
63 £O 68 1 = 1,NS_

64 X = S{IJIMIND

65 SULJMINY, = S(LJ)  *~ 3
66 STLIN = X ‘

67 IJMIN = TJMIN + 1

68 IJ = 1J + 1 LT

- 71 KREP = NREP - 1

ol

‘72 GO Y0 22 .

S99 RETURN

" END




SUBROUTINE DORG (S3.5Xs G KXy MODE s RHS 5.DXBARy DXX5.DQ:DOX Y4 YBASE,DY,y
"1 XsSCALE:D2QsSCALR) . |

i

C i i ;
¢ . ' THIS IS THE UNIVAC 1108 VERSION OF DDRG 5 l ? i
¢ . ; ‘ z
C. . PREPARED FOR NASA UNDER _CONTRACT NAS8-2L484 ! ’ i
C TBY Vo J. LW, PRINCIPLE INVESTIGATOR | ; 1 | !
c _ : | : , B
€ "DUCUMENTATION FOR USING THIS SUBROUTINE MAY BE FOUND
C IN THE FINAL CONTRACT REPCRT X
c 5
B _DIMENSION SX{1)5SCALR{L),XX[1},X{1),DQX(1},0V{L), xtl) YBASE(1},
17 02Q(1),DQ{1),S(17; DxaAail),Dxxll) RHS {11, SCALE(LY, G1)
___ DIMENSION _MODE(1) , !
T DIMENSLON ACTION{T7), CONST(34) ' ! : * !
C - ' - ' !
T CONMMON /TDCOM/ ‘ i
~ 1 SSCAL,FIT,FDSCD,FDERV, DSTHMN,FSD,SIGHA, DXMAX»DSLAL,NCASE:_“
2 NVAR, TPRNT,MAXCT,ICODE, INEw,ICASE,KLUE,ITER,NKICK,NREI,
: 3 LVAR,NEWSTR -
C B ' ; :
=" IFIKLUE) 9,10:10 ; : : ! ! ‘
T RLIUE =0 T : ;
- NRET =1 o - i
T 10 GO 70 {20,50460,102), NRET : ' =
C : _
C T TLYST STARTING VALUES , ,
c ' : .

Y0 TF(IPRNT) 31,31,22 g
22 WRITE(641022) (I4X(I)4SCALE(I),I=LsNVAR)
T G227 FORMAT(1H1,4X;29HNGNLINEAR EQUATIONS VIA D.D.,.5X/
10221 8HSTARTING/13X,5HVALUE,12X,5HSCALE/IH /(16,E18.6,
T T OTTWRITE(64,1023) ST
1 FIT,MAXCT ;DXMAXyDSCAL .SSCAL,FSDyNVAR,NCASEFDERV,DSTHN,FDSLD

124y
15.4))

fl'"l‘*-.

~TO73 TEFORMAT(1HO,4X, L9HPARAMETER = VALUES/TX. T
10231 8HFIT =,E11.4/TXyBHMAXCNT =,16/7X, _
TT1023277 8HDXMAX  =.E11.4/7X,8HDSCALE =,Ell. 477X BHSSCALE =2EL11.4/7Xs
10233 8HFSD =,FE11.4/7X;8HNVAR —'16/7X,8HNCASE = 16/ Xy
710234 T 8HFDERIV =,ELl.4/7X, 8hDSTMIN = EVTL.%4/TX+8HFDSCRD =,E1Ll.4}
c
< T TINITIALTIZE :
c - ' i
T3 TTER = 1
1CODE = 1
TTTTTTTINEW = 1 : . : - ‘ ) : :
IQUIT = 1 ' ! ; ‘ ‘
TTNNT=TNCASE F ONVAR _ , : ' _ ,
KICK = 0 . o . : i : ;
TTTTTTUEKICKTETO " R - ;

. NSQU = NVAR * NVAR ! i ; :
"TTCALTTIDENT (NVARTSXHNVAR) . : : L 3 : '
i __:_}LIM = 1 ' : - . : R

FXMAX = 1.E*08




i .'_ : - -| ! ; i

. | NDTE-— SX_IS_S_EROM PREVIGUS I TERAT LON

l

+
i

© DO 32 I=1,.NVAR ;

.32+ SCALR(I) = 1.0 !

t

. CALC_AT BASE POINT

!

_t 41 -CALL MOVE {(NVAR,X,XX}

" NRET = 2
fso T0 998 )

e O O

g

- CALL MOVE _{NCASE, YsYBASE) : :
TCALL MATMPY (Lsl, NCASE,—NCASE,NCASE 1,YBASE, YBASE SIGMA}

f
E
3
i
i
1
i
f-

i
H
l
l

!.

ACCUMULATE G MATRIX AND RHS VECTGR

B Lo B o ko SRV A

BO 51 L=15.NVAR
pex(i)

o n

SCALR{I) * FDERV

51 RHSI(ID) 0.0
DO 52 J=1, NSQU

52 6t «0

-l
<
L=
~
hlul
=~ O,

55 DO 56 I=1,NVAR
56 X{I) = X
_NRET = 3

X{1)} + DQX(IVAR}

:
H H
I III

ISX = 1L + NVAR * {IVAR —

1)

3

SCALE(I) % SX({ISX)

GO 1O 998

60 DO 61 ICASE = 1.+ NCASE

61 DY(ID)

_IJ = ICASE + NCASEX{IVAR -

1)

=(Y(ICASE) - YBASE{ICASE)}/DQX(IVAR)

72 IVAR = IVAR + 1

T IF(IVAR = NVAR) 72,80,80

‘G0 TO 55

IT =1

——— o etaaa

C: APPLY DD LOGIC FOR SEARCH VECTOR

80 CALL MATMPY(NVAR, NVAR, NCASE ;~NCASE;
_CALL_MATHPY(NVAR,1,NCASE,

NCASEsNVAR, DYDY 6}
—NCASE,NCASE . NVAR: DY, YBASE,RHS)___

__ CALL DIAG(NVAR,NVARG,SyX,1.E-08)
CALL ORDS (~NVAR{NVAR,NVAR,G,NVAR,NVAR:S)

D083 T=1,NVAR
D2Q(1) = G(I1)_

'
f

B3 IL = I + NVAR + 1

_CALL MATMPY({NVAR,NVAR;NVAR,NVAR,NVAR, NVAR +.5X 951G}
: TCALL MATMPY (L, NVAR+NVAR 11 NVARY 1,RHS 5, DQ)
{ . CALL TDVECI(NVAR,NCASE,SIGMA,DQ,C, D2QsFSDySSCAL 4. FDSCL

1 MODE;INACT,NSD,NOEX) -

CALL MATMPY{NVAR,1,NVARsNVARy1:1+G:DXBARNDXX]

CALL MATMPY(L,l,NVAR,l,1;1,bQ,Dx5AR DQDZ}

3

CHECK STEP SIZE



ICALL MATMPY(1,1yNVAR, 1,101, DXBAR DXBAR DIST) : ;

| P DIST = SQRTI(DIST) : : 'f
_i DO 84 I=1,NVAR : )

| 84  DXX(I) = SCALE(TY % DXX(11 . ;
. IF{LPRNT = 1) 87,8785 : !
TIi08% TE(IPRNT = 1)88,85,88 @
. 85 MWRITE(6,1085) '

!
3
I
i
[
1
i
t
'

; 1 ITER, INACT,DIST, FSD,SIGMA ; '
1085 __FORMAT(1HO +3X, THITER NO,4Xs 10H-INACTIV.E-,5X,4HDIST .8X,. 3HESDs
I 61X:5HSIGMA/I8,10Xs1375X,2F12.5,54X4E1546)
P WRITE(6,2085) L = :
"”5055__?ORMAT(lHO%lTX.lOHPARAMETERS:34X;18HINTERNAL VARIABLES/1H }
' DO 86 I=1,NVAR ' : : :

T WRITE(6,1086)

1 LuXX{I)sDXX(I),D2Q(1), DQ(I),DXBAR(I) MODE{1)
86 CONTINUE .
1086 FORMAT(16,2€16%6, 8%, 1H¥,E15+41E1424,F11.5,15)

88 -GO TU (87,1200, 1202,1204),1QUIT e L ;

i
i

C
T TEST FOR CONVERGENCE ;
C ~ ’

87 CALU CONRE{NVAR,FDSCDYFEIT,;STGMA,NCASE: INACTsNOEX NSO,
1 ITER,MODE, DKBAR,O , 020G IEXIT)

CIF(TIEXIT)90,90,200
90 IF(ITER.~ MAXCT) 91:+202,202

791 T TIF{KICK = NKICK) 1091,204,204
1091 IF(LKICK} 4091:4091,2091
72091 TIF{IPRNT ~ 114091,4091,3091
3091 WRITE(6,5091} KICK
T 5091 TFORMAT(1H0,.4X,39HABNORMALLY SMALL STEP EXIT SUPPRESSED ~313)
LKICK = 0
G091 T IFIDIST ~ DxXMAX) 92,62593
92 "FX = 1.0

60 TO 94 ' : T
93 FX = DXMAX 7/ DIST -

794 CONTINUE & T T

C
CTTTT USET UPTONEZSDIMENSTONAL SEARCH
T

TICON = 07
IF(IPRNT = 1)3174217,316

TTT3T6 TPRINT 1316 T T T
1316 FORMAT(1HO+4X,5HSRCHS/7X,2HFX, 10X, 6HACTION; 14X +5HSIGMA)

7317 TCALL SRCHS{ICON,QS:DQDZyFXyNVAR, vaxw,stAx,ILIM,ACTIUN,CGNSTT
c : : :

IFTICON ¥ 2120672067322 m : ; .
. 322 IF{IPRNT — 1)326,326,323 . i =

TT323 T IF(ACTION(L)) 324 3241 325 ~ . ; s x
324 PRINT 1324,ACTION(2), (ACTION(I),1=5,7),Q :

TTI324 TFORMAT(2X41PE13.474X, 3A4V1PELTLS) :
GO TO 326 ‘ _ : :




 PRINT_ 1325, (ACTION(I),I= 2,71LQ

11325 FORMAT(5X,6A%;1PE19.5} . . i i i ;
[ 326 - LF{ICON} 122,122,333} ! 1 ; , :
o . | ] . I 1 i b 1 !
. 331 D0 332 I=1,NVAR N N { :
£ 332 X{I) = XX{I} + FX%DXX(I) , i ; g ! \
| __INRET = 4 : R NS SICREE R ; L
i L GO TO 998 , 3 ! ’ ! ; ;
c . : t i I '
1102 CALL MATHPY{1:1,NCASE,~NCASE,NCASE,15YyY,Q) ! ;
.05 = Q ~ QQ ; . : ’ : i
. GO 10 317 , , ; ! : o
C - . ' : = ' :
122 IF(NSD) 124,124,123 : ! : i
123 CALL NEWFSD{FX;Q,FSD) '
124 DO 125 I=1,NVAR ; ;
<125  XLE) = XXUD)_+ EX_% DXX(IL |

___CALL RESCAL{NVAR,0,D2Q,DSCAL,;SCALR)

CALL MOVE {NSQU,G,S5X)

) ' :

XVAR = NVAR ‘
XS0 = _NSD_+ 1, | - i '
IF{FX * DIST -~ FDERV * SQRT(XVAR) / XSD) 126,126,127
126 KICK = KICK + T . i ' i
LKICK = 1 : .
127 COMTINUE ’ —
ITER = ITER + 1
.50 10 41
C -
C _ TERMINATION (SET ICODE = Q) —
C KLUE = 0 0.K.
C 1 MAX NO ITERATICNS . —
c 3 LAST STEP ABNORMALLY SMALL
< -1 SEARCH _NO GG e
200 KLUE = 0
1QUIT = 2
GO To 1084
1200 IF{IPRNT)999,999,201
201 WRITE(6,1201) '
_ 1201 FORMAT{1HO+.4X,18HD.D, FINISH NORMAL) . -
GO TO 999 , ; ) ; ; i
C . . : ! H ,
202. KLUE = 1 R 5 : :
o 1QuIT = 3 = .
GO TO 1084 , -
1202 IF{IPRNT}999,999,203 ! —
203 WRITE(6,1203) - ' ) '
1203 FORMATILHO,4X,41HD.D. HAS REACHED MAX NUMBER OF ITERATIONS!

"~ -204 KLUE = 3

_120% .
205
1205

"GO TO 1084

GO 7O 999

. '
1. ‘ |

1QUIT = 4 -

i ; ] 1 !
- ' .

: i
;

IF(IPRNT)??Q 999,205

.4 e raa ke a s -

WRITE(6,1205)
FORMAT{1HO,4X,55H0.0.

H
. 1 ]
i ] | i i H [
. H ' t
1

TERMINATED DUE TD LAST STEP BEING ABNORMALL




Iy SMALL) "--

———— i — : ! i !
] ¢ GO 10 999 1 ! 1 ‘ i ' i ;
c - ' ! T l ] 1. ;- i ; i i
206 KLUE = -1 ! i ; ! f : i

. WRITE(6,1206) e e e
1366 FORMAT (1MO,4X;59HSOLUTION  NOT POSSIBLE,ONE-D SEARCH TRUNCATED B
\ 1EYOND FXMIN/5X,52HERROR PROBABLY DUE TO INCORRECT FUNCTION CALCULA_

2TICNY.
C S : E ‘, i : % :
77599 ICODE = © : T
IF(KLUE NE. O} NEWSTR = NEWSTR + 1

IR INEWSTR .GT. 5) NEWSTR = 0 § g
998 INEW = NRET — 2 - i : i
. : 1 :

END



SUBROUTINE NEWSCLTX,SCALEY
DIMENSION X(1),SCALE(1)

COMMON /TDCONM/ COM(9), KCDM(lB)

INEW = KCOM(6) i

NVAR = KcoMm(2)y : ! '
1F{INEW]}B,:3,8 . i i

T 6

.._.....l._....,.........é......_.
“~END

3.D0 T I=1,NVAR ;
| IF(ABS{X(I)) — 1.E-08)6, 645"
5 SCALE(I) = ABS(X(11)
60.TO 7 _ __
SCALE({I) = 1.E-08 : =
7 . CONTINUE : : : ;

RETURN : co




TSUBROUTINE DOSET (KOOE NVARy X3 XMIN; XMAX, SCALE, NEWSTR)
DLMENSION X(1}; XNIN[l) XNAX(I):SCALE(I}

7 = NEWSTR

CALL EPRNOM(ZY
.EQ. 0Y 607D 3
CALL FPRNDM(Z)

TF(KODE

1
H
]

1

DO 2 1=1,NVAR

':'IF(SCALE(I} CLT.

2 X(I) =
3
+ SCALE(1
4 CONTINU
~ KODE =
: RETURN

i
1
i
!
l
1
l

(XMIN(I} + XHAX[I}) ¥ -2

)
E

. DO 4 I= 1'NVAR

ABS(X{11})

1
H

1.E-08)

SCALET(I)

It

1.E-08

0

END




I SUBRGUTINE SRCHS (1CON, O, DQy FXy HVARy FXMIN, FXMAX, ILIMs
I} ACTIONs CONST) P P - : . . '

i
;
i . i i
Q 1 H : i i 1 o

%3 DINENSION_ACTION(T) s vi41) - ? i ; ‘ ?
4 DIMENSION COMST(34), ACONST(9) i
. 5 EQUIVALENCE {ACONSTillyICUNX)f{ACGhST(ZI'QOLlL§§0MST(3) DQO)-
ST TACONST (47 4 FXOPT) 5 (ACONST(5) s FXP1, (ACONST(6)+QP),
52 (ACONSTU(71+FXPP),{ACONST(8)sGPP)y (ACONST(), ILIMX] _, .
776 TATA V/4HDQ Np4H.0.Ks4H. 4 3%4H +4HTRY ,4HOPTIs4HM 2 4HNG: o
61 4HSTOP,4HCUT ,4HSTOP, 4HPED s GHOPT I, QHM_QﬁiﬁﬁTﬂﬁgmﬁH BES, 4HT s
62 HHQUIT p4H ON TS AHPREV,, 4HTAKE, 4H PRE, 4HV yGHTRY 3 4HMORE , 4HQUL T+
63 4H ON 3 4HLOW 4HREVE;4HRSE 4 4HND G,4HO _ »4HNQ , 5 4HTRY ,4HMORE,
TR 4H T saR L174HMITES4HD /- R !
C : ‘ P

B CALL "MOVE (37 V(&), ACTION(5)) ° . : : ‘
9 CALL MOVE (9, CONST, ACONST}) . ,

T 18 Coo = 00 :
_ 2016 IF (ICONX) 31,1717
1771F7(DQ) 31721,21

10 XNV = FLUAT (NVAR+3) ’ . ] ! ] ; :
11 IF (ICON) 12,12.51 . i : : ] N !

T 12 1CONX = ICON ‘ : : - :
13 TLIMX = ILIM ~ ) 5 : : | )
14 ILIM = O : : : : : i ! :
15 ¢0 = Q ~ : i ; ; ; X :

' H . N 1

C
T b3 WNiG., EXIT WITH ICON = ~2, FX = 0
C .
i X = 0. . : :
22 ICON = -2 : ) : '
23 ACTION(L) = 1.0 : . :
24 CALL MOVE (3, V(l}, ACTION(2)) : ‘

T 256D 'T0 999 T . : ' o

c

T 31 CONTINU g
C ) ) . - :

C TTTEXIT OFORFIRST POINT WITH INITIAL EX (ICON = 1)

C .

TTTTHiTTICON =1
. 42 GO TO 980

C ! : : ' .

C- PUT FX INTACTION: '~ "% : : i
C TAKE PRIMARY BRANCH )
C
TS ACTYION{LI = 0.

52 ACTION{2) = FX o : i :
TTTTSARTGOTTO T (614813151,181,211,261, 271,501,531.541}, ICON .
C . 1

B v ICON =1 : : : : i
C ‘CHOOSE BETWEEN CUT AND GROW : . : ]

C . \ ! '

61 IF (Q - QO) 201,2061,2061 T L :
TTZ061TTIF (FX T~ FXMIN)Y 83,83762 - - - : ;
c . \

RE——
3
o



http:31121,.21
http:12,12,.51

! CUT_CHOSEN_

i

OPTIMIZE USING- INITIAL SLDPE AND 2 POINTS

ACCERT TENTATLVELY (JLCON

‘IF _OPT MORE_THAN 1/4,

_ ' 62 _1F

monno

_LICONX) 401,2062,2062

! i
: |

l2062 ASSIGN 71 TOD NCAL3

i
i
|
!

i
l
- . : i
__63_CALL_SETR (1, 0, Q0;_ 1, CONST(10)) : i
(- 64 CALL SETR ({1, FX; Q» 2, CONST(10)) i g %
365 CALL_SETR (2,_GO,_DQO0, 3, CONSI{10))} I : ;
86 CALL CALXR [3, CONST(10}) ' . ; t §
67 GO TO_NCAL3, (71,204) s i 5
c : : : ;
.71 _CALL_DOPTR_(FXOPT,_ DELOPT, coNglLLO)) : '
73 EXP = FX . ! [ z H
14 _GP_= Q| i ‘ :
75 IF (FXOPT — 0.25%FX) 121,121,76 g . , i
16 CALL MOVE (3, VI{7), ACTION(5})) i E i
77 ICON = 2 - - - : ;
18 FX_= FXOPT : ; : -
79 G0 TO 930 r ; _
,_,g . 5
o ICON = 2 : : :
< EXAMINE TENTATIVE_ PDINT ‘ : .
C IF 0.K.; KEEP
C IF N.D.K. AND FX NOT TOO_SMALL, CUT_AND_ IGNORE DQO_ ..
o IF N.O.K. AND FX TOO SMALL, QUIT
c
81 IF (@ — QO0) 141,82,82
B2 IF (FX — FXMIN) 83,83,2082
2082 ICONX = ~1 :
3082 GO TO &O)  __ . .
83 CALL MOVE (2, V{10}y ACTION(5))
84 FXOPT = 0. _
85 CONTINUE
T 91 ¢ = Qo
92 | Fx = 0. '
93 GO ¥0 900 - - -- --
c

111 ASSIGN 71 TO-NCALL
112 CALL SETR ({14 0y QO0s 1,_
113 CALL SETR (1: FX, Qs 2
114 CALL SETR (1, FXxP, QP,
115 CALL SETR (2, Q0, DGO,
116 _CALL CALXR (4 CONST{10}
117 GO TO NCAL&,

3,
4y

CONST{10)}

(717161,196,21375441 ; y i

‘CONST(101) ' C

CONST{101) .
CONST(10)) ;

1

1F CUT CHOSEN AND OPT
(IF_TOQ_SMALL, QUIT)

LeTeEs 1744

USE 1/4 UNLtSS 100

SMALL

ﬁ!ﬁ OIO

- 121 If . (0. 25@FX - FXMIN)

121 1f . 122,131,131
122 CAUL MOVE (3, V(12), ACTIGV(S])

i i

I e o

cSr 123 IF (Q - Q0) 124,84%,:84
1247 FXOPT = FX
125 63 _TO 85




s

131 ACTION(S5) = V{12)
132 FX = 0.25%FX

133 1CON = 3 ! ] [

[PUR, TSI, R

P SN PRI T

I34 GO TOQ 930 ' ‘ i

[ S T o

OPTIM 0.K.s QUIT

141 CALL MOVE {2, V{15), ACTION{5)) i
142 €07 TO 900 . :

s N 3

TEON = 3 : T
EXAMINE CUT POINT '

i

1F NOK, CUT AGAIN 1Ff PGSSIBLE !
"IF OKs OPTIMIZE ' '

— IF OPTIM . L.T.E...1/4 £X. LUT AGAIN IF POSSIBLE
IF OPTIM G.T. 1/4, FXy TRY GPTIM (ILCON = 4)°

ﬁﬁ!’ﬁlﬁﬁﬁﬂﬁ.

_ 151 IF _(Q - Q0) 152,62,:62 _ ﬁ _ i
1527 1F T(1CONX) 155,153,153 : .
153 ASSIGN 161 TO NCAL4

7154 GO TO 112

155 ASSIGN 161 TO NCAL3P SRS : :
T 15660710 411 , - : - :
c

TUTUTE1TTCALL BPTR (FXOPT, DELOPT, CONST{107]
162 IF {-Q/XNY + (DELOPT - Q1) 163,163,601

T Y63 FXP = Fx T
l64 ¢ =Q

TTTL65 IF (FXOPT = 0.25%FX) 166,166,167 ; !
166 IFf (ICONX) 131,121,121 . i

167 IF {FXOPT - FXP) 171,171,168
168 CALL MOVE {3, V{17)s ACTION(5))

2168 IF (Q - QP) 3168,5168,5168

3168 FXOPT = FX :
4168 GC TO 169 :
5168 FAOPT = FXP

T 6168 FX = Fx0PT T T ' i : : :
169 GO TO 162 s : =

C
" 171 CALL MOVE (3, VI{7}, ACTION(S5))
‘“I?z“Fx'z'FxopT' T - ‘ .
- 173 ICON = 4 D : : 7
T 174 GO TD 930
C
e ICON = 4 ,
C EXAMINE TRLAL OPTIM AND CHOOSE, QUIT :
T - i ;
181 IF (Q - QP) 141,141,182 i ;
I82 CALL MOVE {37 V{(23), ACTION(SY)Y : '
183 EXQOPT = FXP ; ! g i ;
Igd“couTINUE ; i ; ;
C . . . B H 1

¢ 19T IF TICONX) TI943192,192 -; RIS
192 ASSIGN 156 70 NCAL4 : ;

Farr e | oemi—n
»



; . i
193 60 _TO 112

194 ASSIGN 196 TO NCALBP
195 GO_T0 411

196 @ = Q

P..
197 FX = FXOPY
198 GO TO 800

k
i

i !
c . | L
G ! GRGWTH CHOUSEN | i :
G a TRY_2%FX : i : :
¢ ' ' 5 E : i
' 201 IF (ICDNX) 2064+202,202 = : : !

202 ASSTIGN 204 TO NCAL3
© 203 _GO_T0_63

264 CALL OPTR

U (EXOPT '

i
)

DELOPT,:

CONST(10}))

_ 205 IF {—-Q/XNV_+ (DELOPT_=_Q})} 2205,22055601

T 2205 1IF

3205 TXP =

4205 (P =

5205 CALL MOVE (3,

T6205 FX =

£

Q

(FXOPT — FX)
FX

3205,206,206

FXOPT
. 1205 _1CON = 10 _
8205 GO TO 930

V7Y

ACTION(5))

PR N

206 ICON
207 _FXp =
208 GP =
209 CALL

Q

MOVE {24

T72209 FX = 2.0%FX
3209_GD_IQM?§O_

211 IF

V(zo),

JACTIONCD)).

ICON

(iconx)
_ 2211 _ASSIGN 213 10

3211 GO TO 112

212 ASSIGN 213 710
2212°G0 TO 411 "~

213 CALL @2PTR

214 1F

T216 IF (-Q/XNV + {DELOPT - Q}}

{FXOPT — FX)°
L2115 IF_{Q -

= 5 )
TEST FOR FURTHCR GRDNTH

212,2211,2211

(FXOPT:

NCAL4

NCAL3P

DELOPT,

QP} 216,261,241

2216 ICON = 7

217 Fxpp
218 QPP =

FXP

_Qp

CONST{10} )
22142154215

2916422216, 601

219 GO 1O 207

C '

RESTRAIN. GROWTH

TTT221 IF

226 1IF
227 EXp =

IQ —~ QPY 22642224222
222 IF (—=QP/XNV + (DELCPT - QP}}
T 274 CALL MOVE (3.
225 GO TO 242
(~Q/XNV +
FX

V{23)y ACTIDN'S))

231, 231;224

(DELOPT = Q)Y 227,227,601




e

$ 228 GP = Q

. 501 ASSIGN 503 TO NCAL3P ' R

c ' R i T i = ;
{231 CALL MOVE (3, V(7}, ACTION(5)) ! ! %
232 ICON =6 i F i I j ;
-233 FX_ = FXOPT i i ; ! ! '
T 23% GO TO 930 ; ' P ; i i g
C f . ; : i t
© 241 CALL MDVE (3, V(20), ACTION(S]) ; |
" 242 FXOPT = FXP . : : ! :
© 243 CONTINUE T . T N : :
C o - % ' : ' '
. 251 FX = FXP ; : ; . i :
© 252 € = QP j K ' i : i i
- 253760 T0 900 : , X ;
-C ‘ : ' ;
C ICON-= & ] * .
C RETURN_FROM_ATTEMPT AT OPTIM ON GROYWTH
C ; : , ;
261 IF (Q - QP) 141,141,262 :
T 262 CATU MOVE (3, V(28), ACTIONIS) *
263 GO 1O 242
¢ . ' : ;
C ICON = 7 e )
C RETURN FROM FURTHER GROWTH
- C _' -
7271 CALU SETR (1, FX, @ L, CONST(10717
272 CALL SETR (1, FXP, QP, 2. CONST(10)}
7273 CALL SETR (1, FXPP, QPP, 3, CONST{10})
274 CALL CALXR {3, CONST(10)) _ o
275 CALL OPTR {FXOPT, DELOPT, CONST{16})
___ 276 60 10 214
o )
c INITIAL CUT WITH ND DQO o
C 7 TTTTTTEST SIZE OF FX FOR POSSIBLE REVERSING
c. _ )
TTTAQT T FXP = FX
402 GP = Q :
T 403 IF {0.25%FX T FXMIN) 404,404,131
404 CALL MOVE (2, VI{31), ACTION{(S))
T 405 FXTET-AMINLIFX,EXMIN) T T '
. 406 ICON = 8 : . .
T 407 G0 TO 930 . , :
C .
c T3TPT FIT USING Q0
C ) [l
TTAIT CALT SETR (1% 0y Q0 Ty CONST(L01) :
412 CALL SETR {1, FX: Q, 2+ CONST(10)) :
TTUHY3 CALLT SETR (1,7FXP, GPY 3, TCONST IO :
. 414 CALL CALXR {3, CONST(IO}) . - ;
T 4I57GD TOTNCAL3P,{161,196,2137503) - :
c . . . . }
T ICON"="8 . - )
C -~ 77777 L RETURN FROM REVERSAL %7 7 © Ui e
_G - H :




1
i

502 GO 10 411

i
-G

503 IF (DERR(O CDNST{lD)I} 511,521 521

1 H

! 512 CALL MOVE (3, V(7). ACTION{S5))

511 CALL OPTR (FXOPT, DELOPT, CONST(lO)}

]
l
i
¥
b
i
3

i 513 ICON = 9 . : : !

514 FX = FXOPT i X

515 GO 10 930 . : : :

c . ! t ' i i
1 521 FX = 0. : b = i :
1 522 FXOPT_= Q. : 3 : i i
- 523 ICON = ~1 : : i n ; : ; :
524 G = QO ‘ : : f 5
525. CALL MOVE (2, V{(33}, ACTION{5)}) : : i §
© 526 GO T0O_930 S, i = % i
C - l : ’ i
C ‘ICON_= 9 ' ' ;
c . RETURN AFTER REVERSAL AND OPTIMLZATION
G . H i
531 IF (Q -~ QDY 141,521,521 _ , i :
C ' ' :
C - ICON = 10 ' '
C RETURN AFTER ATTEMPTED IMMEDIATE UPTIMIZ_ ION
c

T 542 ASSIGN 544 TO NCAL4 S

L
551 ICON = 5
552 FX = 2.0%FXP

254 GO _TO 930

541 IF _{Q = GQP) 141,141,542 _

543 GO TO 112

544 CALL OPTR (FXOPT, DELOPT, CONST{10})
545 [F (FXOPT ~ FXP) 224,224,546

846 IF {—-QP/XNV + (DELCPT = QP)) 551,551,224

563 CALL MOVE (3, Y(35), ACTION(S }

~TAKE EX1T

661 FXOPT = FX

T 602 ACTIONIS) = V{1T7)

603 GO_TO_142_ L S

900 EXIT

ﬁﬂﬁ!

7901 IF (ILIMX) 903,903,902 ' : ‘

7903 7ICIM = 0

900 ICCN = 0

902 IF (FX_ - FXMAX} 903,905,905

_ 904 GO 1O _999

T 7905 ILLM = ILIMX . ] : :
906 GO 10 999 : : g . ;

c

930 IF {ILIMX) 936,9364931 : -
—G3TTET(RX = 0T999%FXMAKY 936,936,935 7 T T T T




933

‘IF (ILIM) 934,934,90

934
935

ILiM =
GO _TO 999

ILIMX

336
937

(T4 =0 ¢

GG 70 999

980 EXIT

i
!

N B

sllsXs!

980 If (ILIMX) 984,984,981

GO TO 930

T 981 IF (FX — FXMAX)
982 ACTION{1) = 1.0

984,982,982

7983 CALL MOVE (4, V{38Y, ACTION(21)

A TACTIONTLY = 00D

C

Q85

—

CALL MOVE

(3,

Vi4d),

ACTION(2]]

GO TO 930

7999 CALL MOVE (9, ACONST,

RETURN

CONST)

" END




T 1 .SUBROUTINE SETR (K, %; Y, 1, CONSTI i T
G 1 ) -3 . H t . Tt .
. 2 CIMENSION CONST{25}, ACONST(25) ; | .
| 4 CIMENSION Al4,4), B(4), C{4) ' : i - :

| 5 EQUIVALENCE (ACONST{11,A}, (ACONST(I?),B]s{ACONST(2l) Cle
51 (ACONST(ZSMKR) i

C v : ; -; ' ;
\ 6 CALL MOVE (25, CONST, ACONST) 3 | | !
T 11 60 TO (217310 K , I g ?

C 1 : C { i ; i i :

C K=1"-. - : ' l : :

c SET UP FOR POINT WITH FX = X AND Q = Y : f

21 A{Ls1) = 1.0 - t : : 1 i .
- 22 AlT42) = X . S i ! o : .
23 A(1,3) = X¥%2 : ; : : | : :

T 24 AlLsb) = —XEY R T : . ; ; :

. 25 B(L) = Y : : ; . ; ] =
- 26 €O TG999 : : : - ; 1 1 : ;

C ' | ’ . i i .o

c K =2 : : ] : !

c ] ' i : !
3T ATILNIY = 0. ] - : : : ; ; .

32 A(L,2) 5 1.0 E : : 5 i . ' !

TTT337A(1,3) = 0. : :

34 AII:‘&] = -X
T 35TBR(IYy =Y
36 GO TO 999

C
999 CALL HOVE (25, ACONST, CONST)

RETURN
C

END




[ -1 SUBROUTINE CALXR .(NN, -CONST) ;L
C 5 N

2 CIMENSTON CONSTI{25)+ ACONST(25)
3 DIMENSION W{4s4), WW{4y4), X{4), BB{4)

H
1

TH-BTMENSION Al4,4), B(4Y, CL4)

)
\
N
V

' 5 EQUIVALENCE (ACONST(1),A)y; (ACONST({17),B)s(ACONST{21},C)¥
. 51 (ACONST{25)3KR) : -

i

6 CALL MGVE (25, CONST, ACONST) ; SRS ? ¥
¢ ; CI . i : : :
KR. = 0 : ) L : f E i :
7N = NN - N : ;
11 CALL MATMPY (N, 1, Ny =4, 1y 1y Ay B, X) ; -
12 CALL MATHMPY (N, Ny Ny ~&» %4y 4y Ay Ay W) ; o :
13 CALL DIAGINs&sH,HW,BB, 1 E~08) ! 1 s

T4 CALL MATMPY (Ny 1. Ny ~ég 1, 1, WWs Xy BB)
15 DO 16 I = 1,N .

TUUT6E BB (1) = BBIIN/W(L,T)

17 CALL MATMPY (N, 1, Ny 4, 1y .1, WW, 88, C) :
TI8TTE (N ~73) 19,19,201 S ;
19 Cl4) = O L - : i i

20 60770 999
c -

20T IE T IKRT 203372027999 . , ;
202 IF (Cf4)) 211,999,999 : . 5

C ot
211 CO 222 1 = 1.4 :

T 2127 IF {A(L,1)) 221,213,221
213 A{1,3) = =-2.0%A(1,4)

TTT214 A1 14) = 3L0FA(D,4) k%
_215 GO 10 222 i

c
221 Al1,4) = A(1,2)%A(1,3)

T 7222 "CONTINUE
223 KR = 1

7224760 TO 11
C

TT999 T CALLT MOVE (25, ACONST, CONST)
RETURN

C : - - . : :
END . : : ; : : a




-G
|
t
b

1 SUBRDUTIVE OPTR (FXOPT,

2 DINE“SIUN CONST(25)1
i 3 COUBLE PRECISLON RR
4 DIMENSION A{444),

UELOPT:

CONSTY)

P

ACUNST(ZS)

' I
t

t

: H
i

l i
|

Bl4),

- 5 EQUIVALENCE (ACONSTI{1),A),

51

6 CALL

Ci4}
(ACONST(lT)yB)y{ACDNST(ZIJ:C

(ACONST(25) ,KR)
MOVE {25, CONST,

ACONST)

'
L

i
i
C
‘10 IF
T 11 b3

L1 IF

13 FXOPT =

= ct2y

(KR} 11411441

=TClLY*C (4)
21313,13

(D3}

14 CELOPT = 0.

15760

22 IF

23 FXOPT =7
__2023 DELOPT =
24 GO

T 21 CONTINUE

=i T

T0 999" )

(C{3)) 23,23,25°

i
3
]
t
!
‘
l
!
i
}
i
1
1
i
1
l

1.0E20
-1.0E30

T0 999

25 CONTINUE

26 GO

T 31 FROPT =

3z 1IF

"33 EELOPT =
34 GO 10 999

C
41 IF
T2 TR
43 IF

44 1IF

45 FXDOPT -

46 GO
C
51 CA
52 03
T U533 IF
54 RR
T 55'R1
56 R2

TO 101

(RT,R2}
1.0E20)

AMAXT
{FXOPT -

1 33,2023,2023
(037 ¥ C(3)%FX0OPT) ¥ FXOPT

H

/

[l.0 + C{4}*FXOPT])

(Cl4)) 23,T1,42

444943443
51,13,13

ceen
(C(3))

(0(3)) 51,45,51

SQRT(=C(2)/3.0/C(4) )

T0 62

S C2yrC (3
C{3)/3.0/C(4)

- 1l tl:

DA — D3} 54,54,13
DSQRT
D3 % SNGL(-1.0D0 + RR}

T TET

{(L.000 — DBLE(DA/D3}))

D3 % SNGL (~1.0D0 — RR)

c

61 FXOPT =
—t o IE -

63 DELOPT =
e

c

TTI01TLE

102 Rl

TT03TR2™
1104 60

AMAXL1(R1,R2}

{FXOPT —

FXQPT = {C(2)

1.0E20) 63,2023,2023
+ FXOPT * (C{3)

+ FXOPT*C(4)1)) +

C1)

{DELOPT). 999,999,137

’

1cw4rrjjui1oirly1
= =D3/2.0/C(3)

=R
70 31 .

c
* 111 RR

s  DSQRT

{1.000 ~ DBLE(D3%C(4)/C{3))) " P



http:DELOPV).999999,.13

i I . "y \ !
112 R} = SNGL_({—-1.0D0_+ RR)/C(4)}

113 RZ = SNGL (-=1.0D0 - RR}/C(4)

| 114 60 _T0 31
C 1

| 999 CALL MOVE {25, ACONST, CONST} .
e “RETURN : '

]
3
1

L

e
1
{
'




1 FUNCTION DKRR {FX,

CDNST)

v 8
i !
1 i
H H

¢
|

- C

.2 DIMENSION CONST(Zb),
4 CIMENSION A(4,4),
5 EQUIVALENCE
51 _ (ACONST{25) 4KR}

(ACDNST(I),A),

ACONST(25)
Bl4),

Li4)

1
i
!
:
l

]

T
] R
:

(ACCNST(I?),B),(ACDNSTI2l}fChr

1 I

i

6 CALL MDVE (25, CONST.

ACONST)

¥ . t ¢
:

10 IF {KR}
11 CERR =

11411413

i

C

___999 CALL MOVE (25, ACONST,

11T (1.0 + C{4)1%FX)=
1260 _TO 999

i '

{Ccl2) - C(l)vC(4l + 2 OvC(BJ*FX + C{B)*C(4J%FX?*2)

'
[ X . .
% r *

_4

13 CERR = C{2] + FX*(2.0%C(3)
14 GO _T0 999

T 3.0%C(&)%FX) . :

CONST)

RETURN

. END




SUBRDUTINE DIAG{NoNDIH A ' T2.SCR, TFACT)

i

]
i
i

!

THIS SUBRDUTIVE DIAGONALIZES A SQUARE SYMMETRIC.POSITIVE

Ay ACCORDING TU THE TRANSFORMATlUN

SEMI-DEFINLYE MATRIX,

H i
k

|
i

{T)T A T = DIAGONAL MATRIX

i
H

NDIM

|_ENPUT=

A

TFALT

N

L --l ROl

‘BUTPUT=

DIMENSION GF T,7T,AND A
_MATRIX TO BE DIAGONALIZED
OLERANCE FACTOR {1.ES08 RECOMMENDED)

!
1
1
T
i
)

R S T

i
i
1
¥
]
!
£
t

SIZE OF A (I1.F.A IS N X N)

1
1
H

T
. A

== THE TRANSFORMATION MATRIX

- .
o eledio bloalo ole oleolo pleole..

_DIMENSION A(1),T(1),SCR(1}

S LOCUIX.JXY =
Z = 1l./5QRT12.
ABIG = 0.0

T NOTE=_

= THE DIAGONALIZED VERSIQN OF A

_SCR_IS_A_SCRATCH ARRAY

* NDIM + IX

(JX_ - 1)
} ]

DD. 200 I=14N

IJ =

IF{ABS{A(IJ }) .GT. ABIG) ABIG

DO 200 J=1lsN

LOC(TI )

~ 200 CONTINUE

TF =

ABIG_

* TEACT

ABS{A(IS )}

S
11 NSW
LLX=

Niri

CALL IDENT (N, T,NDIHMI

+. 1
)

LOCIL L}
* TE{ABS(A(LLX}) .LE. TF

NON—-ZERO DIAGONAL FDUND*--NU@MAL PROCEDURE
USED TO_ZERO_CFF-DIAGONAL ELEMENTS

L=
TFACT

Af{LY ) = 0.0

LOC(L+d)

~A

0O 14 LL =

LLJ

R

l! i

14 T(LED )

LGC

Loc

Y GO TO_10

1

(L) /7 A(LLX)

14N
(LL,J) .

{LL4L).

T(LLJ } + FACT*T(LLL )

DD 2 K=IsN
LOC{KdY

p KJd =

- b e

ot KE =

2 - A{KJ

LDC(K;L)

)

AlKJ ) + FACT

N
e

3

A(KL )



http:LOCIIX,.JX

3 CONTINUE

: DO 4 J=T,H
~JET=.L0Cd L]

G ATIL ) = 6.0

.t N

TIF(L - GE-
L= L +1

NND) TGO

" 60 10 1
10 M = I+ NSW

i
i
i
H
1
i
H
:
H
!
t
i
H
¥

[F(M  .GT. NY
MM = LOC(M,M)

GO TO 20

?

1
i

12 NSW = NSW + 1

TIECABS(AL MM 1)

- TF L 12;12,13

60 'To 10

ZER0O DIAGONAL FOUND UPSTREAVﬁ“ (
SWAP TGF ROW- CULUﬁN TU GET NON- ZERO TDIAGONAL

13 DO 5 K=LsN

T
T

KU ETLOC (KLY
LOC K M)

1
. i
H P

]

¥ i

KM = .
SCRIK) =" A{KL ]

ALKL 1=A{KNM )

5 ALKM )=SCR{K)
{8 49 K = 14N

KL = 1LOC(K.L)
KM = LOC{KsM}

i
t
!
i
i
i
$
:
i
!

TTSCRIKY TI(KL 3
T{KM )

e

TTEGTT{RM Y
DO 6 K= Ls+N
_____ “LOC(L K}

MK = LOC(M4+K)

SCR(K)

A(LK )
ETAIMK )
GO 70 11

T(KL )} =
SCR(K)

—~
-7:
ft

ACMK 1}
"SCR{K)

ALK YT

C

.LE.

OOO0

N ) GO TO 26
ALY REMAINING. DLAGGNALS™ ARE TIEROQ
ALSO ALt GFF DIAGONAL ELEMENTS OF ROW
TTHEREFORE -RUT “ZERC ON DIAGONAL “AND GO TO NEXT ROMW
TQ SEARCH FOR NON-ZERO OFF-DIAGONAL ELEMENT

L ARE ZERQ

S

WGT.

26 T =

IF( ABS(A(LII 1)

NTY 60

TLociLy LIy
.LT.

TO 8

IF ) GO TO 25

C
" . . ALL REMAIVING DIAGONALS ARE ZERD BUT OFF DIAGONAL FOUND TO BE _

c UM*ZERU————ROTATION PERFORMED

£O0 42 K = LN
KLU ETLOC (KT
YKL = LOC{KaL)

e

[t




lSCR( = A{KII )

AIKII o= (AIKIT ) + A{KL )} =
42 MKLE ) = (-~ ~SCR{K) + A(KL )}*Z

.ED 46 K= LoN
1 11K = LGOC{I1,K)

LK S L0C(L,K) _ ; :
__ SCRIK) = A(LIK ) _ . -

ALLIK } = [A{IIK } + A(LK } Yz,
46 A(LK )} = {—- —SCRIK) + A{LK ))*ZI

DO 44 K = 1.N _ ;|
i KII = I0CI{K,1I} . -

- KL = LECC{K,L) :
SCRUKY_= T(KIL ) :

=KL ) = {T(RIT )+ TOKL 70 %2
44 TAKL ) = (=SCR(K) +'T(KL ))=z

GO 70 11

8 RETURN_
_END



"G RHF FPRNDM  Q778H- !
i -SUBRODUTINE EPRNDM (7}

i I NS H THTINTT

{IF (Z)241,2 !

NG = 2%¥17 + 3 =
B = 1./345359738367.

|
1
!
;
i
1
|
|

KNS = NG*NS

r




