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NASA AMES THREE-DIMENSIONAL POTENTIAL FLOW ANALYSIS SYSTEM (POTTAN)

EQUATION SOLVER CODE (SOLN) VERSION 1

J. E. Davis
Computer Sciences Corporation

W. S. Bonnett
. Acurex Corporation

and

R. T. Medan
Ames Research Center

SUMMARY

This document describes a computer program known as SOLN which has been
developed as an independent segment of the NASA-Ames three-dimensional poten-
tial fiow analysis system (POTFAN), and which is used to solve small to ‘large
gsystems of linear algebraic equations by any of several methods including LU
decomposition, Householder's method, a partitioning scheme, and a block suc-
cessive relaxation method. Due to the independent modular naturé of the pro-

gram, it may be used by itself and not necessarily in conjunction with other
segments of the POTFAN system.



1_INTRODUCTION

This document describes version 1 of an eyuation solver
computer code (SOLN) which is a segment of the NASA-Ames
three-dimensional rotential flow analysis system (POTFAN).
This segment of the system sclves the set of Llinear
algebraic eguations that are generated by the collocation
vethod of satisfying the boundary condition ¢f a specified
flow at various locations on cogmpogents in the flow tield
under consideration.

The sets of constant coefficients and right hand sides
associated with these simultanecus eguations are calculated
ky other programs in the POTFAN systen and transmitted to
the SOLN program as files through auxiliiary storage
devices. The S50LN code tTeads in these files, deterwines the
solutions, and then writes them cut as files to pe read in
by the next program in the POTFAN system. See Fig. 1-1.

The S0LW code provides a variety of soluntion techrniques
inciluding LU0 decompositicn, Househcldert's nethod, a
rartitioning scheme, and block successive over—-relaxation.
These various solution techniques are provided so that each
.different type af systenr of syuaticns encountered in
potential flow aerodynamics may be handled in the nost
efficient manner availanle. The LU deconpesition method is
the fastest technique available fcr solving a small, closely
coupred, syuare system of eguaticns that cap be placed in
core all at once; the Householder procedure is the best
method for solviang an overdetermined .system of egnations;
the partitioning scheme 1is best for large closely coupled
systems of equations that cannot be placed. in core all at
cne time; and the block successive over-relaxation procedure
is the potentially <fastest metnod available for larye,
diagonalily dominant systems of equaticns such as those
generated in solving the problem c¢f amn alrcraft component in
a wind tuanel. )

The number of eqraticns that can be simultanecusly
solved by the code is mainly limated only by the amount of
tape, disc, or drum sStorage available to the user.

The SOLN code is constructed 1in a modular fushion so
that any modifications or irprovements to particular
rortions of the code do not affect the rest of the code.
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This computer irogram was develcped under Task 3 of
NASA-Ames Contract NaASZ2-7571, and ‘Task 2& of NHASA-Ames
Contract NAS2-6912. The purpose of these tasks was to
develop a computer code which will efficiertly solve the
systems of linear algebraic equations arising fron
attempting to satisfy the boundary conditions of a speciried
flow on the various compcnents in the flow field by the
collocation method. These systewms of equations may or may
not exceed the size of available computer storage, may be
partitioped in an arbitrary manner with e€ach partition
representing the influence of one component on itself or
another component, and may be overdetermined in some cases.
In addition, a block iteration procedure was to be provided
-where each block represents the aercdypnamic influence of a
single aircraft component on itself or on another aircraft
‘component. This iteration procedure must allow an add-on
solution capability without unnecessarily repeating any
calculations (for example, obtaininy the solution for a wing
alone and then adding in wind tunnel walls tc¢ determine the
wall correction) and must allow an assemtlage of components
{(for exapmple, wing + body + tail) to be solved iteratively.
Therefore, a variety of solution procedures were to be '
developed to best handle each type of situaticn likely to be
encountered. —

Also the program was regquired to be modular in nature
o that it «could be used independently and so that any
rodifications or improvements to the code would not affect
the other segments of the BOTFAN systen.

Furthermore, the code was to be ccnstructed so that it
is versatile, yet easy to use and easy to modify.

Finally the program was required t¢ ke able to handle
large problems consisting of many séparate components and/or
large influence natrices. . .

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR



|_METHOD_QF_SQLUTICHN

This section describes how the problems posed in the
.Tevious section were solved.

te 1 EQUATION SCLVING CPTIOCKNS

The SOLN progran was designed to ccmpuote the solutions
£ linear algebraic systems. It cap compute these solutions
'y one ¢f several different procedures depending on the
articular circunmstances of the preoblems. In general, the
'ystem of equations to be solved may be overspecified {more
guations than unknowns) or properly specified. These
ypes of systems produce a rectangular or square matrix,
espectively. The SOLN code uses & different solution
rocedure for each, 1In addition, differert procedures are
sed depending on the size of the system of equations to be
oclved. One type of procedure 1is used fcr systems of
guations that are small enough to c¢cntain all necessary
ata within allowable core storage at one time, while otner
rocedures are used when the system of eguations i1s too
arge to reside in <core all at once. The latter procedures
ake extensive use of ‘tenporary storage devices such as
ape, disc, or drum files. A special Eklock iteration
rocedure 1is also available which bpest handles problems
here «certain blocks of a pmatrix are only weakly coupled
ith other blocks. This iteraticn procedure also operates
ifferently depending on whether the system to be solved is
ectangular or square in nature, and whether each bhlock fits
n core at one time or not.

4 detailed discussion of each of the solution
rocedures available in the SOL¥ code is c¢contained 1n the
oliowing subsections. In the following discussion, it will
& assuymed that capital letters stand for matrices of at
zast two columns and rows, and that lower case letters
tand for column vectors. In that case, the problem to be
3lved can be stated as: given A and B, find X such that

AX = B or Ax = bh. (3.1-1)



The only assumptions that are made about ‘A are that either A
cr the transpose of A times A is nomsingular. It is also
assumed that A, X and B have real elements, No structure
assunptions have been made about A: it is not banded in any
systematic manner, it is not symmetric or positive definite
€xcept by chance, and it is not even necessarily sguare,
although squareness does cut down on executiorn time.

There are four main procedures used in this code, the
1U Decomposition methed {cr the Crout-Dcolittle method), the
Householder method, a matrix partitioning scheme for large
natrices that was developed especially for this program, and
a block Gauss—-Siedel iteration procedure. The references
provided in the reference secticn are very helpful in the
matrix theory involved. Forsythe (1967) " has a Doolittle
method written din Algol 60 and Fortran, and provides a
glimpse of error considerations. Nering (1963) gives a
complete development of matrix theory in a theoretical
manner, While Ralston{1963) provided the lasis for the
rresently included decomposition subroutire. Westlake(1968)
is perhaps the most <valuable for a user interested in
selecting and implementing his own procedure. )

3.7.1 The Decomposition HKethod

This 1is one of the bhest all around methods zror a
‘general, nonbanded, nonsysmetric real matrix. It 1is a
method of solving a set of eyuations withcut calculating
€ither the inverse of the nmatrix or any seguence of large
‘matrices. The procedure 1is approximately as fast and just
as accurate as any eguatich solving technique . so far found.
This procedure also gives a clear-cut singularity indicator
betore the entire procedure has keen executed. The double
precision version of this rcutine is very readily arrived
at, if desired, as well. .

The method is based on decorposing a given matrix A

into the matrix product of a unit lower triangular matrix L
and an ugper triangular matrix U, so that

A = LU. (3-1.1-1)

Gnce this has been accomplished, the matrix troblem becomes
a set of two easily solved equaticns

Ly = b (3.1.1-2)

and

g EPRODUCIRILITY OF THE
ORIGINAL PAGE 1S POOR



UX = _Yq . (3-‘1.1-3)

The decompositicon is almost as easily dome as said. To
rroduce the first row of U, the first rew ocf A is taken,
since the components of the first row of I (which is, i, =
1, _'i.,2 = 0, lm = g0, "'lm = ) times the columns of U
troduce the first row of U identically. And, by the
eguality statement, the first row of U egquals the first row
cf A, Wow, with the first row o¢f U availakle, the <first-’
column ¢f L can be calculated. This proceeds to the nth row
cf U, ‘alternately calculating rows of 0 and columas oI L
with data provided by the previous rows and columns. The
squations at the rth step are

ri Lrg Ui (3-1.1-4)

ihere

o = (Bgp - E lmk“hr)/urr ‘ {3.1.1-5)
=l

This decomposition trocedure breaks down at any point
it which the diagoral element wu,. vanishes. To prevent
:his, each time the procedure starts a newrow of U, it
searches the column under consideration for the largest
:lement. Having identified +the largest element on the
liayonal, the row about tc ke reduced and the row containing
the 1largest element are interchanged. <Thus, if a columrn is
-ver searched, and nothing but zeros are found, the
Iocedure stops, since a singular matrix has keen found.

The decompositicn of the matrix takes roughly n3/3
uitiplications, contrasted te¢ the usual n® operations of
auss—Jordan reduction, and is therefore nuch faster. Since
he inverse has not been explicitly deternined, that extra
torage has not been needed since the intermedlate results
f the decomposition are stored where the matrix was. :

The auXilliary equations are solved very Jguickly
ecause they are triangular. First the vector y 1is
etermined, then the solutiocn vector x. The first conponent



of y ‘is b, , the First component ¢f b. The second'component
cf y is déiermined from

gyt =5 . (3-1.1-8)

and so on. Once y has been determined, the sclution vector
is “unzipped" from U in the same panner, only starting from
the bottom. .

In summary, the eguations to be solved are

A = LU {3.1.1-7)
Ly = b {(3.1.1-8)
Ux = y {3.1.1-9)

3.1.2 Householder's HKethod

This method imvolves +triangularization of the natrix
and the use of elementary Hermitean unitary transformatioans.

At present, the operaticns done to the matrix to
triangularize it @pust alsc be done to the ccastant vectors
sipultaneously. In other wvwords, unlike the decompositiorn

method, there are no provisions "for storing the operations
done to the matrix so that they may be done to constant
vectors independently " at a later tine. Every constant
vector nust be present at the time of triangularization, or
“the original matrix must te reread and retriangularized.

The method invclves prenmultiplying a matrix by a
sequence of other wpatrices, all of which are unitary
ratrices, so that the condition nusber of the matrix is
unchanged at each step. The condition number is a function
or the size of the matrix inverse, ‘and determines how badly
roundoff effects confuse the answer. 1It. can be shown that
the condition number does not change as the wmatrix is
panipulated and therefore gets no worse. ’

Basically the Householder nmethod seeks to triangularize
the matrix A, by nultiplying it by a series of the unitary
matrices, called p; . For the first ster we would like

oE
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(o) A ()

PR = 2 (3. 1.2-1}

here the first cclumn of A0 {call it a) has a nonzerc
lement in the first row, but zeros in all subsequent rows
f this ccluan.

Pa = ke, where ¢ = (1,0,0,0...0) {3.1.2-2)

he size of “a" can be determined in the usual method:

" n . 1%
tatl = { > (@, ) } = s (3.1.2-3)
b-::l 3 A
= Ilail2 = g? (3.1.2-4)

: can be shown that the size of a unitary transfornmation otf
vector is the same as the vector itself:

i

2 n
[1Pajl” = {Z (a, ) ] s? (3. 1.2-5)

but

2

i
-
™

2
iiPaty - = 1lke || (3. 1.2-¢}
‘and therefore:

kK = +s (3.1.2-7)

It can be shown that for any vector w such that |{w]] =
and w 1s real, then a zatrix ccnstructed by



B=1I- 24% (3. 1.2-8)

is unitary. The choice of w with which to construct a
gatrix of this form so that it has the properties of P is
the keY to the procedure.

Pa = (I~ 2w Ja =a - 2u(wa) (3.1.2-9)

kut the matrix product Wa = K, is a'constant. All elements
cther than the first of this resultant vector should vanish,
gince the first column is being +triangularized. Tha t
impiies the following set of egquations:

a - 2Kw =0 izl (3. 1.2-10)

-~ 2K¥, = k = is . (3-1.2-11)

or

W =a /2K iy 1 and ® = {a * 5)/2K (3.1.2°12)

! i

but, |Iwil = 1, by the regquirements fcr constructing the
ratrix, and therefore '

n n
>0 ) = ‘z%r[ (a s’ + > (a;f1 (3. 1.2-13)

H
A
I—
™y
—
[ )
-rs
4
X
i
/7]
-
)]
+
b AV Y
[
——
o
LS
L_P._—l

(3. 1.2-14)
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o 2 2
_ZRE[ 5 _tEais'!-S}
T ]
. 2.
_4KI2LS _fa,sJ
Thereiore:
i
2k = §° *as
f the vector u is defined as:
u = ({3 * sf,az,ag...an)

nd w as w = u/2K, then the following relations can
5 be true: '

by P=1 - ZH;T is unitary

and
c) ©Pa = ise,.

At this point, the first column of A
rianguilarized. The other columns of the matrix

(3. 1.2-16)

(3. 1.2~17)

(3.1.2-18)

(3. 1.2-19)

be shown

{3. 1.2-20)

(3. 1.2=21)

(3. 1.2-22)

has been
‘are then

verated on by the unitary matrix (or its vector form),
.though none of them are triangularized if +the patrix is
.ngular. The next step in the procedure is to develop the
wtor w for producing the same triangularizatioa of the



second colunn, from its diagonal element c¢n dcwn. The third
colunn will be +treated.from the third row dcwn, and so on.
In this way, a series of natrices are generated which
Fremultiply the original matrix. The {n - 1) natrix
Eroduces an uprer triangular matrix. If the sunme
transformations have been done to the constant vectors, then

all that peed be done is a back-substituticn tc produce the
sclution.

Another important feature of this procedure is the fact
that no division by diagonral elements, and therefore no
rivoting of rows, need be done. Also, -this procedure can be
used to produce "least-squared® soluticns if the matrix has
rore rows than c¢clumns, without expiicitly multlplylng the
natrices. In cther words, the systen

(2 A)x = 3 b (3. 1. 2-23)

can be solved without actuvally nmultiplying the matrices &
and & together.

Pl

-3.1.3 The Partitioning Schemes‘

There are several possible methods for partitioning a
very large matrix into submatrices in order to create the
gatrix inverse. Most of these methods could be termed
*block" methods, in that they apply well defined methods
for dealing with dindividual elements cf a matrix to
subpatrices. For instance, a very popular method- for
solving a predictably sparse, well behaved matrix system is
the method of successive over-relaxation. The block analoyg
cf this 4is the method of block successive cver-relaxation
described in section 3.1.4.

In this section, a partitioning scheme designed to take
paximunl advantage of available core storage is described.
In this marual it is known as the large decomposition
solution procedure. The fartitions developed in this
algorithm are not related to the natural partitions
associated with the separate - conponents of the
configuration. .

Basically, the method starts in the upper left cormer
‘cf the large, dense matrix and iaverts directly as large a
klock as 1is possible. From that point on, pieces of the
-original matrix are processed as the matrix inverse "grows"
toward the lower right ccrmer. The number of words in each
partition is as large as possible. The seguence of the-
inversion is shown in Figure 3.1.3-1, and the seguence of

THE
RPRODUCIBILITY OF
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:quations at each step are given hy

replaced by AB

CB

EC
= -DC
Let the matrix bhe

.1.3-2. The inverse of
cllowing form

partitiocned

LM

NP

Since the product of the rmatrix and

dentity matrix, the following set cof
evelopeaq
-1 _ .-l
P = (b~ CA B)
-1
W =—-3a EP
-1
N = -PCA
-1 ~|
L =34 - A BYN.
1¢ program egquations are identical

as is shown in
that matrix is assumed to- be of the

(3.1.3-1) °

(3.1.3-2)
(3+1-3-3)
(3.1.3-4)
(3-1.3~5)

(3.1.3-6)

Figure

(3.1.3-7)

its inverse is the
eqgquations «can be
{3.1.3=8)

{3- 1 -3—9)

(3- 1-3"10).

(30 10.3"1 1)

except that they are

:signed to take as little extra storage as pcssible.
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3.1.4 Block Successive Over—Relaxation

The block successive over-relaxatica procedure provides
ah alternate method for. the solution <¢f large systens of
equations. it is particularly advantagecus for matrices
that are block diagopally dominant. This situation occurs,
tor example, in the case of a wing in a wind tunnel. The
method consists of am iteration sequence which operates on
ah initial guess to the solution cf the eguation

. _ Ax = b (3.1.4-1)

vhere the matrix A consists of several sulbpatrices 4 . A
submatrix represents the influence of an aircraft component
cn itself or on another aircraft conponent. The figure
telov illustrates this matrix structure.

A A, - - <A, 15 ) (b ]

Ay By o o < By, Xa b,

. =} . (3.1.4-2)

m B s e s By L *n Lbnj‘

The subscript n refers to the numkber of subvectors x; , each
cf which represents the singularity asstreagths of a single
_component. ) St .

In order to begin the iteration procedure, an initial
guess for each of the subvectcrs ¥ must be either given as
input data or computed of both. If the ipitial guess is to
te entirely computed by the progran, the procedure negius by
approximating the-soluticn for the first subvector x? as the
. solution to the system of equations

REPRODUCIBILITY OF THE
3-10 ORIGINAL PAGE IS POOR
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A, X =k (3.1.4-3)

where the superscript refers to the iteration number anda the
superscript Yo" refers to the initial guess. The initjial
guesses to the succeeding subvectors xi are computed by
sequentially -solving each of the fcllowing systesms of
equations:

4. %x =hb - &, x° (3.1.4.0)

At any step in the above prcecedure, the initial guess
tor the sub-vector under consideration may be entered as
input data rather than being computed. Once an inltia-l
yuess has been provided for each solution sub-vector, the
succeeding iteration proceeds by scquentially solving each
cf the followiny systems of eguations:

- - - k-1 _ - k~1 _

%! X, b - A, X, - s . An X (3.1.4-5)
xF

& "k ket ket
By X =B~ Ry X T B Xy T e e e = A Xy

R - R _ _ oLk _ s
Ammxm = by hm!xl I %ﬂmq Xm-y Ammn;xm+i * v

- k-1
.- . . B 21

3-11



After solving each system of equations, the solutiosn
subvectors may be further adjusted by the method of
successive over-relaxaticn or under-relaxation. That is,
let % be an arbitrary soluotion subvector of the kth
iteration step. Then define the inmproved estimate of that
solition subvector as ’

kL ogkey (3.1.4-6)

X = Xi + w(Ei ’

That is to =say, the improved estimate at step k 1is
extrapolated from the Gauss-Siedel estimate and the previous
improved estimate. If w=1, the method reduces to that of .
Gauss-Siedel. The gquantity w is called a relaxation
rarameter, the choice of which determines the rapidity of
convergence. For problems where the successiyve irterations
indicate an oscillatory convergence behavior in. a
predominant number of the ¢lements of the sSolution
subvectors, the rate of convergence will probably be
increased by setting w to some value between 0 and 1.0. It
the convergence behavior is predominantly cverdamped, the
rate of convergence may be increased by setting w to some
value between 1.0 and 2.0. For a given problem there exists
an optimum w such that the number of iterations to
convergence is minimized. Several procedures have been
suggested for determining this. optimum w. Ames(1969) and
Bratkovich (1975) provide further information on determining
an optimum Trelaxation paraneter. Ia +the SO0LN code, the
valee of w is input by the user as part of the input data.

N Convergence of the iteration procedure is defined such
that

< € (3-1.4-7)

for each element in each subvector x: . If the specified
maximum number of iterations have been performed and
convergence has noit been achieved, the last estimates of the
solution subvectors may be saved and used as initial yuesses
for a subsequent series of iterations.

) v OF THE
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In solving each system of equations in the series of
systems described by equations 3.1.4-4 and 3.1.4-5, any one
of the direct solution technigques available in the SOLR code
may be used. To eliminate redundant calculations in each
iteration step, the inverse or decomposition of the diagonal
submatrices Ay is computed or read in and stored betfore the
initial guess or iteration procedure begins. Then the
matrix multiplications or forward elimination and backward
substitution are tpe only computations made in solving each
system of eguations dinvolved in the initial guess and
subseguent iterations. The decomposition 1is used with
square systems of equations for each diagonal sub-matrix
that fits 4in core at one time. The inverse is used in all
‘cther circumstances. This feature signitficantly reduces the
amount of computer time required. : '

This iteration procedure may also be wused to solve a
rectangular system of eguations. In this «case, _ the
"Householder procedure nust be used to compute the inverses .
cf the diagomal submatrices.

3.2 SYSTEM MODULARITY

The regqguired degree of modularity, which implies that
the program should operate independently from and without
interferring with other portions ot the POTFAN system, has
been guaranteed by the use of auxilliary storage devices
(tapes, disks, or drums) as the only method by which the
various seyments of POTFAN can communicate with one another.
This has the disadvantage that commuinicating through
auxilliary devices is relatively slow and onh some computer
systems will require many job control «cards to manage the
devices. However the disadvantages of this approach are
more than offset by the advantages. The principal advantdage
is that it strictly guarantees segment independence. Also,
this approach is necessary to maximize the size of problen
that can be scolved with a fixed amount of core memory.

3.3 VERSATILITY AND EASE OF USE AND HMODIFICATION

These factors are all-aimportant to the usefulness of a
program. Although there 1is no unigue formula for
guaranteeinyg them, two inportant elements of a sutficient
formula relevant to the SOLN code have been identified.
These are comwand format programming and the liperal and
thoughtful use of comment cards in the source deck.

Command format programming is a phrase coined to
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describe a programming method whichk uses words or acronyns
{called commands) to centrol the actions taken by the
program. Although this technigue is not new, the particular
style employed in POTFAN programs originated with the
computer program reported in Medan(1973). This techniqgue
contributes significantly to the above important factors.

The manner in which command format programs work is the
tollowing., First of all, there 1s a. program kpown as the
control program, which may be either the main program or the
principal subroutine called by the main program. For the
SOLN code the control program is the subroutine SOLEIO. The
first two actions performed by the contrel program are the
ipitialization of default valuves and the establishment of
whether or not the program is being run in a batch or
conversational mode. In the conversational mode the program
prompts the user for commands and data, and in the event of
a recoverable error, pauses to allow the user to perform a
fixup. 1In the batck mode the program echoes each coummand
read in and generally always stops upon detecting an error.
Other than these differences, the tvo modes of operation are
identical. Pollowing these actions +the program enters the
command phase. In this phase the program reads in various
four character commands, takes the action assoclated with
the command, and then (provaded the command is not STOP)
reads in the next cosmmand and sc¢ on. The specific cownands
available are given in section 5. 2.

Regarding the use of comment cards, there are no
specific rules that can guarantee that the inner workings of
a program are adequately documented. However, sone
guidelines have been developed.

The first of these concerns the quantity of comment
cards. Some programs that were thought to be_adequately
comnented were examined and it was found that approximately
25 per «cent of the source lines vwere significant coament
lipes.’ nost programs are not considered to be well
documented unless they contain approximately this ratio of
copment lines. Therefore, the SGLN code is documented to
this extent. -

The second guideline concerns subprogram docukentation.
Jhe c¢omment cards should state as a minimum the basic
purpose of the subprogram and all inputs and outputs except
printed output. Each subprograw in the SOLN code was made
to comply with this guideline.

In summary, the use of command format programming and
careful commenting have made the SOLN code versatile, easy
to use, and easy to modify.
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3.4 HAXTHIZING PROGRAM SIZE

Two major techniques were used for treating problems
involving a large number of conponents and/or components
with large dinfluence nmatrices. These are the .use of
auxilliary storage units and dynamic memory-allocation.

3.4.1 Auxilliary Storage

The degree to which auxilliary storage units are used
in the SOLN code depends on the size and type of problenm for
which a solution is desired. Tor systems of eguatioans that
can be placed in core all at once, a minimum of auxilliary

storage is required. In fact, the influence matrix and
right hand sides are placed in auxalliary storage only when
they are first read in. - #When the code automatically

determines that the system can be solved entirely in core,
the influence matrix and right hand side are read back into
core and solved.

For larger systems of eguations that canpot it within
core simultaneously, the influence watrix must be
partitioned and solved in a piecemeal fashion which reguires
"extensive usage of auxilliary storage units. For probleums
involving the iteration procedure, auxilliary storage units
are used to store each block of the matrix as well as the
right hand sides, the curreat estimate of the solution
subvectors, and the previous estimate of the solution
subvectors.

This usage of auxilliary storage units allows for the
solution of systems of equations whose size is oniy limited
painly by the amount of auxilliary storage available rather
than the amount of core storage available.

3.4,2 Dynamic Memory Allocation

Dynamic memory allocation as used herein refers to
packing several small arrays into one large single array.
In this way all of the available core space can be utilized.

A necessary procedure in the wuse of dynamic aemory
alljocation is that dynamically allocated arrays must be
rassed as variably-dimensioned arrays through subroutine
argqument lists. This in turn makes the program easy to
modify since the storage array into which the smaller arrays



are packed needs to be dimensioned only once, e.g., in a
small main program.

The storage array in SOLN is denotéd as (A4). This
array is packed differently depending upon the type of
calculations being performed. When bulk data is read in,
storage is only allocated for that particular set of data.
Then the data is placed in temporary storage. The
allocation of storage is more complicated at the point where
a system of eguations is to be solved. Storage in this case
is allocated "depending upon the nmethod of solution, whether
the iteration procedure or the direct procedure is used, and
whether the system of eguations can be solved in core all at
once. In geperal, however, the arrays that are the length
of the number of fragments and the ‘numbér of 1ows in the
matrix are allocated f£first. Then the remainder of the
available storage is allocated for the influence matrix.



4 PROGRAM DESCRIPTION

To a great extent the description of the inner workings
cf the rrogram has been relegated to comment cards in the
FORTRAN source decks. This includes descriptions of the
functions of the subroutines and their isput and ocutput.
The remainder of this section presents relevant descriptive
data which could not effectively be placed on comment cards.

!

4.1 CALLING STRUCTURE

Figure 4.71-1 shows the sutroutine calling structure.
Table 4.1-1 shows the calling structure in a different
format.

4.2 FLOW CHART

Figure #4.2-1 is "a flow chart of the control progran
SCLNIO. )

4.3 COMHCHN BLOCKS

Table 4.3-1 shows the common blocks used, their sizes,
and the subprograms which they appear in.

B.4 LOGICAL DNITS

Table 4.4-1 sumrarizes the lcgical units (tape, disks,
cr drums) which the program uses. HNote that not all units
would be used for each program run. .:For the worst case the
rupber of units used would be ten (10). The specific data
input from or output onto each of these units except for the
line printer unit is discussed in detail in sections 6 and
7..

-
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4.5 MEMGRY REQﬁIBEMENTS

Without the working storage array, the SOLN code
Iequires approximately 24000 decimal words of core storage.
This reguirement ipcludes all systenm subroutines and
internal symbol - dictionaries and was determined on the
INFONET Univac 1108 operating system without using overlays.
The size of the working storage array must be added to this
number to determine the total amcunt of stcrage regquired by
the program.,. The memory regquirements cam be  reduced by
usiny overlays.

4.6 RESTIRICTIONS AND LIMITATIONS

The mcst important restrictions regarding the SGLN code
are those associated with the limitaticn in size of the
system of equations that <c¢an be solved. There are three
different types of limitations depending cn the manner in
which the system is soclved. First, there is a limitation to
the number of equations that can te scived in <¢ore at one
time. For a given computer system, this 1limitation can be
determined by the following fermula

NR = Ju + (MXS—-3*%NIR) -2 (square matrix)
NR = HNXS - 3*NIEK {ncn—-square matrix)
4 + NC
where NR = Number of equations that can Le sclved in core
at one tiume.
MXS = Size of the wcrking storage array {a).
NC = Nupber of unkncwns to be determined.
NIR = Number of records of input cortaining the
influence matrix. This is also referred
to as the number of influence matrix fragments.
Second, there is a limitaticen to the number of

equations that can be solved even using auxilliary storage
devices. This limitation depends upon whether the iteration
jrocedure is used or whether a direct rrocedure 1is used.

\
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For a direct procedure the 1limitaticn dis conputed as
follows: )

it

NR HXS=3*NIR+]1 {square matrix)
7

KRR = HXS5—-3*%NIE {non-sguare matrix)
4

For the iteration procedure the limitaticn is conputed as
fcllows: .

NBB = HXS-3*NIR+1J T
7 {
| whichever is smaller
, . ] {(sguare matrizx)
NRB = MXS-3*%*RIR-MAXVNE 1
4 4
NRB = BXS-3*NIE-BAXVKF ] {non-square matrix)
i =
where NRB = The order of the largest diagcnal block
0of the matrix.
MAXVNF = ©Nunber of influence cosfficierts in the

largest intluence matrix input record.

The third 1limitaticn concerns the amount of auxilliary
storage available. The temporary stcrage units INaA, INAT,
INCBD, KST, INB, INBT, and IRVR pust each be able to coantain
the entire 1influence matrix. Hence, the largest system of
equations that can be solved may be limited by the size of
the auxilliary storage devices. ’



5_OPERATING INSTRUCTIONS

=3

The purpose of this section is to prcvide the user with
information necessary to execute the prougram.

€.7 GENERAL DATA INPUT CONSIBDERATIONS

The input data for the equation sclver program consists
cf punched cards and tape, disc, cr drum files when the code
is utilized in the batch mode, and on-line data with tape,
disc, or drum files when it is executed in the-
conversational mode. A1l punched card and conversational
terminal input is prescribed in NAMELIST cr regular formats,
whereas all bulk data input through tape, disc, or drum
tiles is unformatted. The 1latter data 1is described in
sections 6 and 7.

The program is designed to use ccmmands as the basic
form of input to control the program flcw. These commands
consist of four letter words placed in the first four
characters of am input record ({first fcur columns of an
input card) and are reccgnized as keys that cause the
program to perform particular operatiors. After the
cperations are performed, the prcgram flcw 1eturns to the
keginning of the program and reads the next command. This
contintes until a STOP command is encountered, whereby the
program terminates. Any ccmmand input record {card) whose
first four characters c¢r c¢olumns are left biank is
considered a "comment" command. Any commpand that is not
recognized by the program is printed and frrcygram flow is
either returnred to the mext command without any operations
being performed or terminated depending on the value of the
variable CONTIN (see section 5.2.5). The particular
commands recoghnized by the egquation sclver code are
discussed in more detail in secticn 5.2.

All of the ccmmands available in the eguation solver
code are related in one way or another to the solution orf a
system of egqguations, although several commands in seyquence
are required to complete all the steps necessary to obtain
this solution. Since there are several different solution
techniques available in the «ccde, the best method of
solution and the associated commands for a given problen
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will depend upon whether the system of equations (matrix)
under consideration is over-determined (TrTectangular) or not,
and whether the system of egquaticns under consideration can
te subdivided or tlocked effectively so that the iteratiom
rrocedure can be isplemented.

For solving larger systens cf equations, the
potentially fastest. socluticn technigue is -~the block
successive over-relaxation method. This is true whether the
system of equations is overdetermined or mnot. However, the
iteration procedure will conly convérge tc¢ a solution if the
matrix produced by the system of equations has certain
EFroperties, In particular, t he matrix must possess
submatrix blocks such that the diagonal blocks are more
dominant tham the off diagonal klocks. The more dominant
the diagonal blocks, the faster the iteraticmn procedure will
converge to a solution.

Hatrices that dc not possess this property are best
=olved by the direct techniques. For square matrices, the
LU decompposition method is the fastest «of the direct
rethods, and for rtectangular matrices the Householder
trocedure should be used. In the event that the data
defining the system of equations under consideration
requires pmore computer ccre storage than is available, the
equation solver <code automatically places the data in
temporary storage and determines the scluticn to the systen
cf eguations by the [rocedures fox large systems as
discussed in Section 3. 3.

5.2 INPUT DESCRIPTIOXN

The first line of input to the program consists of a
single logical variable. Its value depends on whether the
conmand inputs are to be made utilizing the conversational
¢r batch modes, .TRUE. for conVersational, .FALSE. for batch
pmode. The format for this inpput record (card) is L1.

The remaining input <£fecr the eguation solver code
consists mainly of operation commands, input file names, and
cption flags. A compand statement must begin in the first
colunh or with the <first character of an input card or
record. - 0only the first four characters of apy command are
recognized by the program. If the first four characters orx
columns are left ©blank, the cormand is assumed to be for
conment purposes, and the entire card or lipe is printed.
In the conversational mode, an unrecognizable command
returns control to the next command after the unrecognizable
characters are printed; ctherwise, the program terminates
unless the variable CONTIN has been set to .TRUE. (see DATA
conmand. ~ A detailed description of the commands recoyanized



by the code, as well as the 1input associated with them, is
given below. All logical upit nurbers may range from 1 to
59, except 5 and 6. File identification numbers may range
from 1 to 9999, See Aprendix A for an explanation of file
identificaticn numbers.

£.2.1 {4-Blanks) Ccumand

Fxplanation

Any command with blanks in the first four positions is
considered a comment card. All informaticn c¢n this card ot
input record is printed, then ccntrel proceeds to the next
command. ; '

5.2.2 BCRE Command

Explapation

This command causes the bcundary condition constant
vector files to he read in and placed in temporary storage.
This boundary coanditicn ccnstant vector file is crdinarily
created by the boundary c¢opnditicn prcgram. This command
should not be given before the CMNL comrmand (when reguired)
or the VNRE command, and must precede the SOLV, RIVNS, or
EUET compBands. .

input

(NTBCR,NBCR{I) ,I=1,NCHP)——The identification number andgd
logical unit number of each boundary condition constant
vector file.

Eormat
215 -
topments
~ Enter one identification number and one logical uait
number fper line or card of input. The 1input sequence must

ke consistent with the input sequence of the input influence
submatrices (see VYHNRE compand).

£.2.3 CNTIL Command

v . i i

This command defines the numker of aircraft components
and the overall type cf solution procedure to be wused in
golving the system of equations under ‘consideration. It is
the first commapd given if the internal logical unats do not
Lequire initializing with the TIATA ccmmand. This command
rust precede all other cogmands except blank and DATA
commands except when there is only a single component whose
influence mpatrix can £fit in core. In the latter case, the
CNTL compand is not required.

FODUCIBILITY OF THE
%@INAL PAGE IS POOR



NCHP-—Number. of aircraft components associated with the
systen of eguations under consideration. This determines
the ‘number of boundary condition and influence matrix files
that nust he read in.

ITERAT--PFlag which designates whether an iteration
frocedure or a direct solution procedure is to be used to
solve this system of.equatioans.

ITERAT =
0~-Direct soluticn
1~--Iteration solution

Fornat
2I5

5.2.4 COMB Command

Explapation

This command is used only when the syster of eguations
uhder consideration 1is tcc large for available core storage
and the direct soluticn procedures are being used to solve
the system. It combines all submatrices read in by the VNRE
command into one matrix which is stored in coclumn length
records on a temporary storage device. The ccmmand need not
te used unless both circumstances menticned above exist. No,
. further data input is required with this command. If  used,
it must inmediately follow the VNEKE command.

£.2.5 DATA Conmand e

et i, A

The DATA command is used to initialize any or all
internal logical units used by the program. This includes
any temporary storage devices as well as the input and
cutput logical units. The DATA command is also used to set
the variable CONTIN. This command need not be used if the
default values of the variables are satisfactory. This
comnand , if needed, must precede all of the commands except
the blank command. )

input .
NTCP~-Logical unit number of the output device used for
conversational mode operations. The default value is 6.

NTP~-logical unit nusker of the output device -used for
tatch mode operations. The default value is 6.

NTCR--Logical anit number of the input device used for
conversaticnal mode operations. The default value is. 5.



NTRR——-Logical unit number of the input device used for
tatch mode operations., The default value dis 5. The value
of NTR is set egual to NTRR immediately follcwing +the read
statement.

INA--Logical wunit number for a temporary storage
device. The default value is 11. However, during a COMB
conmand, it may be changed to 12. See section 7.4 for an
explanation of the tempcrary storage devices.

INAT--Logical unit npnumber for a temfporary storage
device., The default value is 12. However, during a COME
conmand, it may be changed to 11. ’ .

INCBD--Logical wunit number for a temporary storage
device. The default value is 14.

KST--Logical unit bpumber for a temyrorary storage
device. The default value is 13.

INB--Logical wunit numker for a temporary storage.
‘device. The default value is 15.

INBT--Logical unit number for a temporary storage
device. The default value is 17.

INVE~~Logical unit ©pumker for a temporary storage
device. The default value is 18.

ETIR--Logical wunit onumber for a temporary storage
device. The default value is 16.

CONTIN--Logical variakle governing program action upodn
encountering an unreccgnizakble ccamand. Unless CONTIN is
.IRUE., executien will terminate with an unrecognizable
conmand. The default value for CONTIN is .TRUE. under
cecnversational operation and .FALSE. under katch operation.

Format
Namelist MDATA.

£.2.6 INVE Conmand

Explanation :

This command causes the inverse c¢f a matrix to be
computed and stored on a tape, disc, or drum file. The user
zust input the identificaticn numkter and logical unit number
of the tape, disc, or drum file where this inverse is to be
stored. In addition, the user nmust provide a title for the
file. A special option with this command allows the user to
cempute and store the decomposition of a matrix instead of
the inverse (see Section 3.1). The only restrictions for
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the decomposition option are that the matrix to be
decomposed must f£it in core all at once and that it ‘must be

a square patrix. The INVE command must follow the VNRE and
{1if needed) COMB ccmmands.

Input : _
METHOD-—Option flag which designates which solution

technique is to be used tc create the inverse or
decomposition.

METHOD =

0--1LU decomposition method (square matrix only) )

1--Householders!' technique (rectangular Or sguare
natrix)

NTINVW—--Identificaticn number of tape, disc, or drurm
file where the conrputed inverse is to be stored. The
logical unit pumber associated with this file is INVR which
ray be input with the DATA command at the beginning of each
test case.

IDC--0Option flaq which designates whether -the inverse
cr the decompositicon of the matrix is to ke ccomputed.

IDC =

0--Inverse

1—--Leconposition

NTITL--Number of words in the title describing the
inverse or decomposition file. NTITL must be greater than
zero but not exceed 100.

{TITL(1), I=1,NTITL)--A one dimensional alphanuneric
array that may be used tc.describe the contents of the
inverse file. ‘

Format }
315,15/ {20A4)

£.2.7 1VKR Command

This command causes an inverse or deccmposed matrix
file to be read in and placed in temporary storage and is a
sequel to the INVE cormand. The intent o¢f this command is
to allow the user to read im an inverse without conputing
it, then multiply the inverse by any number of constant
vectors to obtain the soluticn vectors. In the case of a
deconposed matrix, a ferward elimination and backward
substitution are performed on the decomposed matrix and
constant vectors to obtain the soluticns. The IVRR command,
however, only reads the inverse or deconposed matrix. Other
commands read the constant vectors (BCRE coammand) and
rercform the multiplication or forward elimination and
backward substitution (MULT command). The IVNR command must



r

follow a CNTL command and a BECRE ccmmand and precede a MULI
commanda.

Input .
_ NPINVR--Identificaticn number of the file where the
inverse or decomposed matrix is stored.

NTINV--Logical unit number of the file where the
inverse or decomposed matrix is stored. If entered as zelo,
the program uses 18 instead.

Format
215

£.2.8 MULT Command

Explanation

This command is wused in conjunction with ‘the IVNK
command. It causes an inverse rpatrix tc be nultiplied by
any nunber of constant ©vectors oOT it causes a forward
elimination and backward substitution tc be performed on a
decomposed matrix and any number of constant vectors. The
information stored on the file that was read by the IVNR
command indicates whether an inverse or a decomposed matrix
existed on the file and the ccde automatically performs the
appropriate -computations to obtain the scluticn vectors.
The IVNR and BCRE commands must precede the MULT command.

input

(OUTA (I) ,QUTANT {I) ,I=1,NCHP) ~—One dimensional integer
arrays defining the identificaticn aumbers and logical unit
numbers of the files where the computed sclution Veciors are
to be stored.

Format
215

£.2.9 PART Connmand

Explanation

This command causes the program to partition the matrix
that was read in by the VNRE command and combined, 1if
necessary, by the COMB ccmmand. It is a utality conmand
that need nct ordinarily be used unless.it is desiraole tc
partition a matrix dinto submatrices ip a manner that is
different from the way the matrix 1s already partitioned.
The PART command will cause the ratrix to be subdivided into
equal sized square blocks, if ppossible. If this 1s not
tossible, then the blcocks will be made as equal 1n size as
is possible. This command must follow the VNRE and (if
used) COMB commands and precede the SOLV and INVE commands.




Input
NPA--The number of partitions that a rcw or column of

the matrix -is .to be subdivided into. The number of
partitiops in the matrix will be RPA*%2,

(RP(I) ,I=1,NPA%**2)—-h one dimensicnal array defining
the logical unit numbers of the files where each submatrix
Fartition is to be stored. A total of  NPA*#*2 entries nust
be made. Place the values for one row of partitions on each
line or card. :

o e e, et s

15/ {1615)

5.2.10 SCLY Command

This command causes the program to ccmpute the solution
to the system of egquations as defined by the VNRE and BCRE
commands. The user need not defime a solution technigue for
solving the system of equations; the code will automatically
determine this for hir. However, if he chcoses to override
the automatically chosen technigue, he may d¢ so. If the
user chooses an inappropriate technique for a given systenm,
the code will automatically chocse the best technigue and
cverride his decision. This may occur if the user attempts
to solve a rectangular matrix using a technique for sgquare
ratrices. The various sclution techniques available in the.
code were discussed in detail in Section 3. If +the
iteration procedure option is in effect, this comnand
defines +the method <£for solving the system of eguatioans
associated with weach diagonal submatrix of the blocked
satrix, The SOLV command must follow the VNRE, COHB (if
used), and BCRE conmands. If a user input solution
technigue is used, the calling sequence for this procedure
should be placed in the subroutine INVRS at the designated
location.

If the iteration rprocedure 1is in effect and 1is
ncn-convergent, the last estimate of the solution subvectors
will be printed and =stored on files. The iteration
rrocedure may be restarted by reading these final
approximations into the program as initial guesses at the
solution subvectors imstead of have them computed. In fact,
any predetermined solution subvectors may ke read 4in as an
ipnitial guess for the iteration procedure instead of having
them conpated when the iteration optien is in effect. In
cther words this 1is the number conponents for which an
ipitial guess of the solution will be supplied.

Input

HMETHOD--Option flag definimng which solution technique
will be used in solving the system of equations.

METHOD =



0--LU decomposition method
1--Householders?! methad
2~-User input method

IPS--The number of predetermined sclutions to be read
when the iteration option is in effect. 1In cther words this
is the number components for which an initial guess of the
solution will be supplied. )

(OUTA {I) ,OUTANT (1) ,I=1,NCHPF) --TwWo one dimensional
arrays defining the identificaticn number and logical unit
rumber where the solution subvectors co¢f the system of
eguations under consideration are to be stored. One pair of
numbers 1s required fcr each aircraft congonent!

IPRINT-—-A print parameter that prescritktes whether the
solution vector is printed out.
IERINT=0--Soluticn vector is printed.
=1--Solution vector is not printed.

) (L,INPS(I),INFSKNT(I),J=1,IPS)-—-A =sipple variable and
two one dimensional arrays that indicate the aircrart-
component sequence anumber, the identificaticm number, and
logical unpit number of any rredetermined solution subvector
files to be used as an initial guess to the sclution for the
iteration procedure. This input is only reguired ix the
iteration procedure option is in effect. If 1IPS is zero,
this infcrmation must not be input. The solution subvectors
cn these files will be used as the dinitial guess for the
iteratiocn procedure instead of having the initial guesses
computed. One set of these numbers is required for each
aircraft component for which an initial guess 1is to be
inputs .

MAXIT1--The maximum numker of iteratioms allowed for
the 1iteration procedure tc ccmverge. This is only required
if the iteration procedure opticn 1is 1in effect. If
KAXIT1=0, only the initial guess will be computed, priuted,
and stored.’

OMEGA--Relaxation factor that alters the convergence
characteristics of the iteration solution.

G<CHMEGA<1 - (under-relaxation)
1<CHEGAL2 {over-relaxaticn)

The default value is 1.0. This input is only required when
the iteraticn solution option is in effect.

ITERP-—-Print parameter that defines the amount of
intermediate results tc be printed during the iteration
solution procedure.
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ITERP =
0-~No intermediaté results will be printed.

Not-zero——-Intermediate results will - be printed every
ITBRP iterations.

The intermediate results consist of the inflnence of
€ach submatrix block on every cther submatrix block, the
constant vectors, and the most recent estimate of the
solution, If ITERP ¥ (¢, +these gquantities are also printed
for the initial guess at the solution. This input is only
required if the iteration procedure opticn is in effect.

Format
(2I5)-~For METHCD, IPS, OUTA{I), OUTANT(I), IPRINT.
(315)~-For I, INPS(3I), INPSNT(I).
(I5/F5.2/15)~-For MAXIT1, OMEGA, ITEEP.

Comments

— e e . iy

The inverse or decompositicn of the diagonal
subpatrices associated with the iteraticn procedure may alsc
fe read in instead of being computed. This is discussed in
the VNRE conmand. :

5.2.11 SI0OP Ccmmand

This command terminates the program. KO farther
crerations can folliow the STIOF command.

5.2.12 YNRE Command

Explanation

This ,command reads the submatrices making wup the
influence coefficients for the system of ecguations under
consideration ‘and places thez in temparary storage. The
zatrix is usually subdivided into submatrices that are
placed on separate tape, disc, or drum files. For potential
flow problems, these submatrices usually represent the
infiuence of a single aircraft <component c¢n another single
aircraft component. - If +the itératicmr prccedure 1s in
effect, each submatrix also represents a block of the block
iteration procedure. A special option is available with
this cormand when the iteration option is in effect. it
allows the user to aveid calculating the inverse or
decomposition of any one of the diagonal sutmatrix blocks
that would ordinarily be computed during the 21iteration
rrocedure. Instead, the user wmay read in the inverse ot
decomposition itself. Fcr those diagonal submatrices that
_are rTead in the ordinary manher, the inverse or
. decomposition is computed during the iteration procedure
calculations. The VNRE command must precede the BCRE
caommand and the COMB command {if used) and must also folliow
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the CNTL and DATA commandes.

Input

NTVNR,NTVN--The identificaticn number and logical unit
runber of a single submatrix ¢f the influence matrix file.
Cne pair of numbers is entered tper 1line., The subratrices
must be entered in rowwise order. That is, referring to the
figure in Section 3.1.4, the subpmatrices must be entered in
the following order: A, ,--«sA. LA, ses=,sb,

) 1 In 21 2an

...,Am rees B, .

INVF({I)--Option flag that designates whether the
associated file cortains a subtmatrix or whether it contains
the inverse or deconposition of that submatrix. This is
cnly input with the diagonal submatrices and is entered on
the same line as the logical unit number or identirication
rumber for that suobkmatrix.

INVF(I) =
0-~Submatrix.
-~1--Inverse or decompcsition cof the subpatrix.

Format
2I5 ({tor off-diagonal submatrices)
3I5 (for diagonal sulmatrices)

5.3 SYSTEM CONTROL CARBS

This section describes the control cards that are
necessary to run the SCLN code on the various computer
systems that have been «c¢r are being used ¢c run the SOLKN
code.

5.3.1 Infonet Univac 1108 systenm

Since this system allcws automatic file definition
commands determined from the file identification numbers
(see Appendix A), the only control card regquired is the
rrogram name, SOLN/PCTF. All files <c¢reated except scratch
files will automatically show up in the user's catalog. ‘%he
napes of all created files will be identical to the input
file identification nurbeirs. -Also each created file will
have a version identifier that defines the tyre of file that
it is. The versiop identifier for soluticn files is 503 for
inverse files it is 1IN. 141l files created will resaide in
the LIB$ library. Thus, for example, a solution tile
c¢reated with am didentificaticn number ¢f 1023 will be
assigned the name 1023.SC/LIB%.
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6_PROGRAM INPUT BINARY FILES

The SOLN code uses two tyres of files created by other
FOTFAN segments. These files contain the coefficient matrix
{influence matrix files) and the right hand sides (boundary
condition files). These files. are accessed according to the
Frocedures in Appendix A and Section 5.3. Fach of these
tiles conforms to the standardized POTFAN fcrmat, which is
discussed in Appendix B. <The notation used in the remainder
cf this section will be <clear to the reader if he reads
Appendix B. A1l of the data available c¢n-thege files is not
used by SOLN. The following subsections describe the files
triefly and which quantities aftfect the SOLN code. The
(rogram may also input an inverse file, a decomposition
file, or a solution file that was previcusly computed by the
SCLN code. These tiles are discussed in Section 7.

6.1 INFLUENCE MATRIX FILES

Each influence matrix file ccntains all the information
neceSsary to describe the boundary conditicn influence of
¢ne aircraft component on some other aircraft component.
The file 1itself «consists of two or mcre records of

information. The first record is referred to as the
introductory trecord, while all =subseguent records contain
the influence <coefficients. In many cases the infiluence

patrix is very large and cannot be input or output all at.
cne time on one record of information. Therefore, several
Tecords are oiten required to input or output the entire
influyence matrix file. Each record of influence-
coefficients is referred to as a matrix fragment. Each
influence matrix file is referred to as a submatrix. , Many
influence matrix files ({subpatrices) may be Tequired to
completely define the entire influence matrix associated
with a given flow field problem consistirg of several
aircraft components.

The following 1information frcm the influence matrix
files is used directly Ly the SOLKN code. The variables
rarked with an asterisk are necessary for proper execution
of the progran. All variables without an' asterisk are
informative only and are not necessary fcr proper execution
cf the SOLN program but are transferred tc¢ the solution



files to be wused as input for subseguent pbograms in the
EQTFAN systen.

1st Record

—— e o e i b

*NCTIME--Number of sords in the data and time array.

{(CTINME (NCTIME))~-=-Array containing the date and time of
creation of the influence matrix file.

#*NTI1TL-—Number of Werds in the title of a
gself-influencing submatrix file.

{TIIL (NTITL))--Title of "a self-influencing suomatrix
file.

*NEECS—~0One plus the pumber cf submatrix fragments.

ID{1)~-Identification number of a self-influencing
submatrix geometry file.

ID(3)-~Identificaticn numker cf unconstrained
self-influence subnmatrix.

ID{5)~--Identificaticn nurber of constrained
self-influvence subbatrix.

*NLOG

LOG (2) =TOP--Flag indicating whether an upper surface
toundary condition has been applied.

L0G (3) =BOT--Flag indicating vwhether a lower suriface
beoundary condition has been applied.

LUG {11)=DBLT--Flag 1indicating vhether doublet type
singularities have Lteen used *to rerresent an aircraft
component.

LOG {12)=SOURCE--Flag indicating whether source type
singularities have been used to represent an aircraft
cemponent.

LOG (13)=CNSTRN--Flag indicating whether the inftluence
matrix is constrained.

*NINT

*INT (8)=NSING-—Number of unknowns associated with the
self-influence matrix file.

INT (12)=ICTYPE--Not used anymore.
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INT (14)=NFC-—-Number of ccnstraint functicn coeftricients
representing the singularity distribution of a
self~intluence submatrix file.

INT (16)=NCFFX--Bumber of «constraint function fragments
in the ¥1 directiocn.

INT(17)=NCFFY--Number of constraint function fragments
in the M2 directicn.

iNT (18)=ICV--Flag aindicating the type of constraint-
variables used to generate the constraint function.

NFLT

*FLI(1)=XMACH--Hach wpumber. The SCOLN ccde checks all
infiuence matrix files tc see that they ccrirespond to the

came Mach number. 1f there is an inconsistency, the program
will stcp and print & diagnostic message.

znd_Record_and Subseyuent Reccrds

J1=NC~-Number of cclumns in the sukmatrix.
*J2=NRk~—-Number of rc¢ws of the submatrix cn this record.

J3=1
[
ENWA=NC*NR-—-Number of influence coefficients on this
Iecord.

* (A(I) ,I=1,8N)—--Influence coefficients on thlis record.
TheSe are stored cclunnwise. when multiple records are
reguired to store the submatrix, then a certain number of
ccmplete rows of influence coefficients are contained on
each record but are still stcred columnwise.

6.2 BOUNLCARY CONDITICN FILES

Each boundary condition file ccontains all the
information necessary tc¢ descrike the influence of the
pniform and nonuniform freestream and the rctation rates on
the boundary conditions of a single aircraft compounent. The
file itself consists of three cr morLe records of
information. The first record is referred to. as the
introductory record. Each grour of +two reccrds thereaiter
describes all the flow field parameters asgociated with a
single set of boundary conditicns as well as their influence
cn this aircraft component. There may Lte several sets of
koundary conditions ¢n a single boundary ccndition. file.
1he seccnd, fourth, sixth, etc., re€cords con the file contain



the right hand side subvector asscciated with the system of
equations describing the specified flow Lkoundary condition.
The third, fifth, seventh, ninth, etc., records contain the
rarareters defining the freestrear conditions; that is, the
freestream velocity vector, the angles c¢f attack and
sideslip, the rotation rates, and the center of gravity
location for the flow field.

The following information from +the boundary condition
files'is used by +the SCLN code. The variables marked with
an asterisk are necessary for ©proper execution of the
progyram. All variables without an asterisk are informative
cnly and are not necessary fcr proper execution of the SOLN
program but are transferred to the soluticn files to be used
as input for subsequent programs in the FOTIFAN systen.
asterisk.
st Record

*YCTI¥E~~Nueber of words in the date and time array.

{CIIME (NCTIKE))—~Array containing the date and time of
creation of the boundary condition file.

*NTITL--Number of wWords in the title.
(TI1L (NTITL))--Title of the kcundary condition file.

*#*NRECS--One plus two times the number of sets of
Foundary conditions.

ID(1)-—XIdentification nusber of the geometry file
associated with this aircraft component.

ID (2)--Identificaticn number "of the beoundary condition
tile.

LOG (5) =DBLT--Flag indicating whether doublet type
singularities have been used to represent an aircraft
component.

LOG (6) =SOURCE-~-Flag 1indicating whether source type
singularities have been used to rerresent an aircraft
component.

LOG (7) =T0P--Flag indicating ﬁhether an upper surface
Loundary condition has been applied.

LOG {(8) =BOT--Flag indicating whether a lower surface
toundary condition has been aprlied.

*INT(2) =NROW--Nunber cf rowvs.

*INT {3) =NSETS—~-Nurber of sets of bcundary comditions on

RODUCIBILITY OF THE
mmma PAGE IS POOR



this file.

2nd, Bth, 6th, . = . Records

#J1=NROW--Nunber of elements in the constant subvector.
J2=1

J3=1

N¥=NROW--See above.

*(A(NROH})-—Elements cf the constant subvector.

3rd, 5th, 7th, . « « Eecords

J1=11

Nu=11

A (NW)~--Array containing the freestream velocity vector,
the angles of attack and sideslip, the rotaticn rate vector,
and the center of rotaticn location for this set Of boundary
conditions.



T A b i P i ks i e e A .

Output from the program consists c¢f 1line printer
cutput, data 1left on scratch files, and varicus POTFAN
files, The 1line printer output is meant to be self
explanatory and will not be discussed further. The POTIFAN
files that are created are created acccrding to the
rrocedure in Appendix A and conform to +the format in
Appendix B. Control cards for managing the scratch and
FOTFAN files are given in Section 5.3. The POTFAN and
ecratch files are discussed in mcre detail in the following
subsecticns.

7.1 SOLUTION FILES

Each solution file contains all the information
relevant to that portion cf the soluticn vector associated
with a single aircraft corpcnent. BEach such portion ot the
soluticn vector is referred to as a solution subvector. The
file itself consists of three or mecre 1ecords. The first
record 1is the iantrcductory record. The second record
contains the parameters defining the . fregstream conditions
for all sets cf boundary conditicss for which a solution was
computed; that 1is, the freestream velocity vector, the
angles of attack and sideslip, the rotation rates, and the
center of rotation location for the flow field, The third
and subsequent records contain the solutior subvectors, one
record for each bouandary condition.

The following informaticn is written on each solution
file.

lst Record

—— e . i e

NCTIME~—Number of words in the date and tigme array.

(CTIME (NCTIME))--Array ccntaining the date and time
that the solution file was created.

NTITL--Number of words in the title array.

(TITL(NTITL})~-Title of the gecometry file £for this
aircraft compomnent. )

NRECS--Two plus the nunber of sets of soclution
subvectors.

(IFCRH (HRECS))""‘O' 1' 1' - - -

NID=5



ID{1)~--Identificaticn number ©of the geometry file
associated with this aircraft component.

Ib(2)--Identification numbker of the self-influence
submatrix file asscciated with this aircraft component.

ID(3)—--Identificaticn pnumber of the inverse file used

to generate this soluticn sukvector, if such a file was
used. Otherwise ID(3) is zerc.

ID(4)~~Identificaticn number of the bcundary condition
file associated with this aircraft compcrent.

ID{8)--Identificaticn number of this sclution file.
NLOG=5
LOG {1) =DBLT--Flag indicating whether doublet-type

singularities have beer used to rerresent an aircraft
component.

LOG (2) =SOURCE--Flag indicating whether source type
singularities have bLeen used to represent an aircraft
component.

LOG{3) =TOP--Flag indicating whether an upfér surface
boundary condition has been applied.

LCG (4)=BOT-~Flag indicating vwhether a lower surface
foundary condition has been applied.

LGG (5)=CNSTRN-—-Flag indicating whether the influence
gatrix is constrained. T

NINI=8
INT(1)=ICTYPE—~—Not used at present.

INT (2)--number of elements in the soluticn subvector
{i.e., number of unkncwns).

INT (3)~—-Number of sets o¢f boundary conrditfions.
INT {4) =METHOD--Method of sclution,

INT (5) =NSING--Number cf elements in the solution vector
if it were unconstrained.

INT (6) =NCFFX--Nupnber of constraint £function fragments
in the N1 direction (if the matrix is ccnstrained).

INT{7)=NCFFY--Nunber of ccnstraint function £fragments
in the N2 direction {if the matrix is ccnstrained).



INT (8}=ICV--Flag indicating the type o0f constraint
variables used to generate the constraint function.

NFLT=1

FLT (1) =XMACH~--Mach nurber.

31=HSOL—NumheI of soluticns.,

J2=11

J3=1

NW=11%¥NSOL

{(UINF (NSOL) ), {VINF (NSOL)), (WINF (NSOL})--Components of
the unit freestream velocity vecter for each =et of boundary

conditions.

{(ALPHA {NSOL})~—Angle cf attack for each set of boundary
conditiors.

{BETA (NSOL) )--Angle of sideslip for each set of
toundary conditions.

{F (KSOL} ), {Q{NS50L} ), {RR(¥SCL))}~—Compcnents of the
freestrean rotation rtate vector for each set o©of boundary
conditions.

(RCGX (NSOL) )} , (RCGY (NSOL) ), (RCGZ (NSCL)) --Components  of
the position vector to the center of rectation of the Zflow
field fcor each set of boundary corpditions.

3rd and Subseguent BRecords

J1=KR-~Number of elements in the soluticn subvector.

NW=NR--S5See abcve.

.

{X (8R) ) -~Elements cf the =soluticn =subvector for a
rarticular set of koundary conditicns.



7.2 INVERSE MATRIX FILES

Each inverse patrix file contains all the information
Fertaining to the inverse ¢f a matrix that was assembled and
computed from one or rore influence matrix files. That is,
the system of equations from which this inverse matrix was
generated may have involved cne or more aircraft components.
The file itself consists of three or more records. The
first record is the intrcductery record. fThe second record
contains all of the information from the influence matrix
files that must be +transferred to the solution files when
the inverse is multiplied-by a constant vector to produce a
soluticn vector. The third and subsegquent records contain
the inverse matrix coefficients. Since the storage reguired
to output the entire inverse matrix on a single record nmay
te more than is available, several reccrds may be necessary
te output the complete matrix.

The followlng information 1is written on an inverse
ratrix file.

ist_Record A
NCTIME-—~Number of words in the date and time array.

{CTIME {NCTIME))-—Array containing the date and time
that the inverse matrix file was created.

NTITL~-Humber of words in the title array.
(TITL(¥NTITL))-—-Title of the inverse matrix file.

NRECS=Two plus the number <c¢f records r1equired tc
contain the entire inverse matrix.

(IFPCRM (BRECS))=0,0,1,Tse0.

NID=1

ID(1)=Identificaticn number cf the inverse matrix file.
NLOG=1 ‘

LOG (1)=FIT~-Flag indicating whether the matrix fits in
core ail at once.

NINT=7

INT (1)=K¥--Nunmber of rows in the inverse matrix.

T
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INT {2)=NCPF--Maximum numker of columms in each inverse
ratrix output record.

INT (3)=NCNPS—-~Number of aircraft compconents associated
with the system of equaticns from which the inverse matrix
was created.

INT (#)=1IRV--Method used to create the inverse.

INT (5)=NCFC~—-Number c¢f records required to output the
entire inverse matrix. This is alsc referred to as_ the
number of inverse matrix fragments.

INT {6)=iDC--Flag 1ndicating whether this matrix is an
inverse or an LU deccnpositicr matrix. A value of 0

indicates an inverse, while a value of 1 indicates an LU
decomposition.

INT (7)=NCOL~--Number ¢f columns in the inverse matrix.

NFLT=1

FLT (1) =X#ACH--Mach nurber.
£nd_Record

J1=RCHES——See above.

J2=7

J3=1

NW=T7%*NCHPS

{ICKST {NCHPS))-—Array indicating whether the
singularaity distribution associated with each aircraft
comnponent is censtrained cr nct.

{ICT (NCHES})~-—~Not used at present

(RCFFXA(NCMES)) --Array dindicating the number. of K1

directicn constraint function fragments asscciated with each
aircraft component,

(NCEFYA (NCHMPS))—--Array indicating the npumber of N2
direction censtraint function fragments qésociated witn each
aircratt component. '

{ICVA{NCHMPS))—--Array indicating the tyre ci constraint
variables used with the censtraist functiop associated with
each aircratt component.

(IDA (NCMES))--Identification nupker cf the
selt-inflyence sutmatrix associated with each aircraft



component.

{NNC {RCMPS) }~=-Ending cclumn numbetr of the
seif-influence submatrix associated with each aircraft
component as positioned in the entire influence matrix from
which the inverse was computed.,

3rd and_ Subseguent Records

J1=kM--Nunmber of rows in the inverse matrix.

J2=NCPF--Number of «<¢c¢lumas in this <fragment of the
inverse natrix.

J3=1

N#=J1%J2--Nunber of inverse matrix coefficients in this
record.

(A {(NR))-—Inverse matrix coefficients fcr this fragment.

7.3 LU DBECOMNPGSITION MATRIX FILES

Bach LU decompositics mpatrix file ccentains all the
information pertaining to the LU decompcsition of a matrix
that was assembled from c¢ne or mcre influence matrix files.
An LU decomposition matrix is analogous to an inverse matrix
in that it is determined without Kkncwledge c¢f the constant
vector. Hence, any number of constdnt vectors may be solved
using the same LU decomposition watrix. The system of
equations from which this LU decomposition matrix was
generated may have involved cne or more aircraft components.
The file itself ccnsists of four records. The first twe
records are exactly the same as the first two records of the
inverse files {Section 7.2). The third record contains the
permutation vector asscciated with the LU decomposition
ratrix which tells how the row interchanges tcok place in
the decemposition. The fourth record contains the LU
decoBposition pmatrix coefficients. At rpresent, an LU
decomposition matrix may be computed by the SOLN code only
if the entire patrix fits im core at one tinme.

The following information is  written on an LU
decomposition file. ’

1st Record

Same as 1st record of inverse file except that IFORM(3)
is 1. See Section 7.Z.

2nd_Record




Same as 2nd record of inverse file. See Section 7.2.
3rd_Record

J1=Kh-~-Number of rows in the LU decompasition matrix.

NW=KM——S5See abgve.

{(IF (¥W))——Elenents cf the permutaticn vector.

4th Rrecord

e ek i

J1=KH-—-Number of rows in the LU deccmpecsition matrix.

J2Z=NCPF--Nunmber , of columns in the IU decomposition
matrix.

J3=1

N#=J1%J2-~-Number of coefficients in the L0
decomposition matrix.

{A {NW) })--Coefficients of the LU deconposition matrix.
7.4 SCRATCH FILES

A brief description ¢f each scratch file is given below
as well as an indication of +the circupstances under which
cach file is used.

INA--This file is used in a variety of ways. In
general, it is needed in those circumstances where the
infiuence matrix, inverse matrix, or decomposition matrix
does not fit in core at one tipe. In addition, it is used
tc store the solution suk-vectors in the iteration procedure
and the matrix partitions created during a PART command.
The default logical unit number is 11.

INAT--This file is used ipn tandem with the file INA.
That 1is, informaticn on these files are manipulated and
stored by transferring the information ktack and forth from
INA to INAT and vice versa. It is needed in the sanre
circumstances that require the use of INA. The default
logical unit number is 12.

K5T--This file is used to store the fragments of the
influence matrix as read in from the POIFAN influence matrix
files. This file is required fcr any cases using an RVNS
copmand. The default logical unit number is 13.
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IRCED—--This file is used to store the partitions of the
entire influence wpmatrix in those situaticns where the
influence matrix does not fit-in core at once and a direct
solution procedure is desired. In addition, this file is
used to tenporarily store the right hand side vectors.
Hence, the file 1s regquired for any cases using an RBCS
conmnand or where the direct solution o¢f a larger—-thaan-core
square natrix is desired. The default logical unit number
is 14. '

INB--This file is wused during -inversiom of a matrix
that does not fit in core at cme time. Individual blocks of
the inverse are temporarily stcred on INB. ° This file is
also used to. manipulate the right hand side vectors and
place them in the appropriate order. Hence. the I¥B file is
regquired when inversicn of large square matrices are
rerformed and whenever the RBCS command is used. The
default logical annit number is 15.

INBT~-This file is used in tandem with the file INB.
That 1is, information on these files are sanipulated and
stored by transferring the information back and forth. It
is needed in the same circumstances that regquire the use of
INB. The default logical unit number is 17.

INVE~-This file is used as a temporary storage device
when - the iteration procedure option is in effect. Under
these circumstances, the fragmeants of the-influence matrizx,
are temporarily placed on this file. Otherwise, INVR is
used as the logical unit for any POTFAN inverse files that
are output from the SOLN code. The default logical unit
number is 18. -



g TEST CASES

This section descriltes a corprehensive series of test
cases which were developed tc thoroughly test the progran.
These test cases are very useful as an aid ip familiarizing
the user with the manner in which the SCL¥ code operates.
They may also be vused as a debugging aid wher transferring
the SOLN code to a differesnt computer syster. .

A total of seven test cases are included in this
section. Only two different systems of equations were used
tc perform these test cases; however, a different method of
sciution was used in each case.

- The first system of equations [frcduces a square
infiuence matrix of order temn. An 1illustration of this
system oi equations is showe in Figure 8.0-1. A total of
three ailrcraft components are asscciated with this systenm of
eguations. Therefore, the matrix is subdivided into nine
submatrices and three constant subvectors. The comstant
subvectors contain 5, 3, and 2 elements, respectively. Each
submatrix and constant sukvector are placed on a separate
file. The matrix coefficients associated with each
submatrix file were stored on two c¢cr mcre records. A total
cE twenty-two rTecords weTre used ¢t¢ store the entire
influence matrix. Two sets of boundary ccnditions  were
rlaced on each constant subvector file. The solution to the
tirst set of conditions ccnsists of the inteyers from one
through ten. The soluticn to +the second set consists of
every other integer from twc through twenty. The formulae
used to generate the matrix ccefficients and constant vector
elepents are the fcllowing:

a: = (- 1i-j1) (8.0-1)

o
1
3
o
w

(i1st set) {8.0-2)



by = :E; 23 3 {2nd set) (8.0-3)
J::

The matrix produced by the above formulation is
diagonally dJdonrinant and amenable to iteraticn technigues.
This system of equations was used in test cases 1, 3, 4 and

-

The second system of eguations is overspecified and
hence produces a rectangular influence matrix. In this case
the matrix had seventeen {17) rovs and ten (10) columns.
2n illustraticn of this system of eqguations is shown in
Figure 8.0-2. Three aircraft components are also associated
with this system of eguations. Therefore, the matrix is
.subdivided into pine submatrices and three constant
subvectors. The constant subvectors contain 7, 6, and 4
clements, Tespectively while the soluticn subvectors contain
t, 3, and 2 elements, respectively. As with the farst
system of equations, a tctal of twenty-twc (22) records were
used to store the entire influence matrix, and two sets of
toundary conditions were placed on each constant subvector
tile. The solutions to both sets of conditions are the same
as those for the first systen of eguations. . The formulae
used to generate the matrix ccefficients and constant vector
elements are the following: ’

7 :
alJ = {(n - li-y}) {B.0-4)
m
b o= E aU 3 (1st set) {8.0-5)
J=! :
m
hi = E ZaEJ- J {(2nd set) {(8.0~6)
J=
where
¥ = G ¢ idg, i? i . {8.0-7)

n = nupber of rows in the matrix

=]
it

nunber of columpns in the matrix



The coefficients ¢, , ¢ , ¢, are determined by satisfying in
a least sqguares sense the rectanmgulaxr syster of equations
that is generated by setting y=j at the location of the
first and last elewment of <cach diagoral sukmatrix. This
rcn-simple equaticn for y 1s reguired in order to achieve a
system that can be solved by iteraticon. This system of

equations was used for test cases 2, © and 7.

The computer programs used to generate the t¥o systenms
cf equations described above are presented in Figs. 8.0-3
and 8.0-4. The input used te run these programs and place
the results on the various files is shown in Figs. 8.0-5 and
£.0-6.

£.1 TEST CASE NO. 1

The first test <case solves the first system of
equations by direct LU decompositicen. It is assumed that
the entire influence ratrix will fit in core at one tine.
This situation causes the fastest direct scluticn technigue
to be used to solve the system., The input for this case is
shown in Fig. 8.1-1 and the output is shown ir Fig. 8.1-2.

£.2 TEST CASE NO. 2

The second test <c¢ase solves the secend system ot
egquations by the direct Householder procedure since it is a
rectangular matrix. The LU deccmpositicn technigue could
rot solve this system of egquations. It is assumed thaet the
entire influence matrix will mot fit isn c¢ore at one time,
tut that the largest influence matrix fragment will fit in
core. Hence, the COMB ccrmand is used to ccmtine all oi the
influence matrix £fragments into a single matrix and place
the matrix in temporary storage. The extended Householder
procedure for matrices toc large to fit 1in core at one time
is autcmatically wused tc sclve the system. The input for
this case is shown in Fig. 8.2-1 and the output is =shown in
Fig. B.2-2.
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€.3 TEST CASE KO. 3

The +third test case solves

the first system of

equations again by direct LU decompositicn. HRowever, it

illustrates the use of a different
may be advantageous for situations
matrix is used on several different
#ith different c¢cnstant wvectors.
decomposition is created and stored
This deconposition is the most tine
1u decomposition procedure and

series cf commands that

.where the same influence

occasions in conjuaction

That is, the wmatrix
onh a file for later use.
consuming portion of the
is 1independent of the

constant vector. Later, when the soluticn tc a particular

systen of equations.is desired, the

constant vector files are read

deccmposition file and

in and only the forward

elimination and backward substitution are performed to
determine the .soluticn. It is assumed that the entire

influence matrix fits in ccre at

one tigse. In fact, the

SGLN code at present only possesses the capability for
creating apd storing a decomposed matrix if the influence
matrix fits in core at one tirme. The ipput fcr this case is
shown in Fig. 8.3-1 and the output is shown in Fig. 8.3-2.

.4 TEST CASE NO. 4

The fourth test case solves

the first system of

‘equations utilizing the blcck successive cver-relaxation
iteration procedure. Sore of the additicnal diteration
Frocedure options are also exercised in crder +to illustrate
some of the capabilities available with this procedure. The

diagonal submatrices are solved Ly

decomposition of one of the diagonal

LU decconrposition. The
submatrices is assuned

to have been computed and stored at some previous time.
Hence, instead of being computed during the course of the
iteration procedure, it need only be read in. In addition,
it is assumed that ar approximate solution has been
rreviously obtained for cne of the aircraft components.
Hence, it need also only be read in as an initial guess at
the solution rather thanm baving an initial guess computed
for +that. aircraft component during the course of the

iteration procedure. 3 raximusg
allowed fcor convergence. A mild

of ten iterations are

amount of cver-relaxation

is used to accelerate convergence. Printouts of sone
intermediate iterations are alsc specified. The input for
this case is shown in Fig. 8.4-1 and the output is shown in

.Eig- 8-“‘2-



£.5 TEST CASE NO. S

The fifth . test cas=e sclves the first system of
€quations by a twoc step combination ¢f technigues. In the
rirst step, the sclutions for the first two adircraft
comporents are determined as thouyb there were no third
aircraft component. That is, c¢nly the subwmatrices and
constant subvectors associated with the first two aircraft
components were read in and solved. Ther the simultaneous
scluticns for all three aircraft components wWere determined
Lty the block successive over-relaxation iteraticn prcocedure
with the solutions from the first stepr input as 1initial

guesses to the soluticns for the first +two adircraft
components. The irnfluence 'cn the third aircraft component
cf the first two and vice versa is thus detergined

iteratively. This situaticn is analogous to the problem of

determining the etfect of wind tunbel walls on the

characteristics of an aircraft. That is, iunitially a

free-aar solution 1is ottained fcr the aircrart and then a,
soluticn is obtaired with the aircratt in the wind tunnel

using iteration. The 1nput for this case is shown i1in Fig.

€.5-1 and the output is shown in Fig. 8.5-2.

§.6 TEST CASE NO. 6 -

The sixth test case solves the seccnd system of
eguatiors in a mapner similar tc that used tc perform the
fourth test case. That 1is, thke system is sclved by the
tlock =successive over—relaxatica iteraticn technigue.
howaver, since the second system ¢f equations 1s rectangular
rather than square, the diagcnael submatrices are solved by
the Househclder procedure, and the inverse of one ofi the
diagonal submatrices is read in instead of the deconposition
cf the wmatrix. The 1input for this case is shown in Fiy.
§.6-1 and the output is shown in Fig. 8.6-2.

&.7 TEST CASE NO. 7

The seventh test case s¢lves the secend systen of
equations im a manner similar t¢ that used to periorm the
fifth test case. That is, the system is sclved by a twe
step combination ¢t techniques. However, since the second
system of equations is rectangular rather than
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square, the Househclder procedure was used tc¢ determine the
sqolutions for the first twc aircraft c¢oxronents and also te
solve the diagonal sultpatrices during the iteration
rrocedure. The input for this case is shown in Fig. 8.7-1
and the output is shown in Fig. 8.7-2. .
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AFPENDIX A

A--STANDARDIZFD FILE HANDLING PROCEDURES _FOR_EQOTFAN PROGRAMS

Standardized FORTRAN procedures and subroutines for
cpening and closing files have been develcped to facilitate
using and coding PCTFAN programs and the conver510n of these
codes to different ccmputer systerns.

A.1 FILE CREATION

This section describes acticns taken before and atter
any POTFAN program attempts tc write a POTFAN file.

Prior +to writinpng any permanent file crpto a unit, all
FOTFAN programs call a system dependent subrountine as
fellows:

CALL OPENK (NI,IFIYP,ID,IR)

If IR is not zero, then NT and ID are considered subroutine
inputs. NT is the 1logical wunit nuamber on which the file
will be writtem and ID is the file creatilon identifier,
which should alsc be the primary file identification number.
1f IR is zero, then ID is not considered a subroutine imput
and NT is.only the default wunit numbex. In this case the
pregram reads in ID and NT frcem a card via 215 format. 1f
the value of NT on the card is zero, the subrcutine replaces
BT with the default value.

If the value of ID determined in either caSe is then
still zerc and 4if it is pcssible on  the computer systern
teing used, the prograr will replace ID with the current
number con the identificaticn nunber file and also update the
identification number file.

~ In addition to ¥T, 1ID, and IR, IFTYP is also imput to
the program. IFTYP defines the type of file being created
according to the focllowing table:

1ETIP IYPE OF FILE
1 Geometry
-2 Boundary condition



Influence matrix

Velocity matrix

Soluticns

Velocity at fcrce sensing location of N1 seyments
Velocity at fcrce sensing lccaticn of N2 segments
Ccnstraint tuncticn transformatior matrix

Zeta plot file

Constrained influence matrix

=]
CcCOIUN&EW

12 Preset soluticn

15 Inverse cr deccempesition of influence matrix
6 External velccity

17 Surface fressures

18 sSurtace velocity

Once 1D and NI have Leen determined, tne proyram Opens
(if possible on the systes teing used) the file for writing
using a file name deternmined from ID and IFTYP. On 1BH
systems, orpening a file consiste o©f isguing a DDEF to the
cperating system. On the INFONET UBIVAC 1108 system, an
LGUATE command is involved. This feature eliminates the
need for joL control cards tc handle filegs on those systems
for which FORTRAN grogqrarnrs can open fiies.

The proyrawm then rewinds the file and writes a4 messdyge
indicating which unit has teen «crened and the value of 10
ana IFIYF.

After the file has teen cpened and written upon, 21t is
releaged by calling ancther systemr degendent subroutine as
fcllows:

CALL ENDFIL (NT) ) o

This subroutine vwrites an end-of-file marx on the unit
and (if reyuired ky +the system Lheing used), releases the
upgit. The subroutine alsec writes a message inaicating that
gnit NT has been closed.

B2 FILE ACCESSING

This section describes actions taken before and atter
any POTFAN program attempts tc read any PCTFAR file.

Pricr to reading any permanent file from a unit all
FCTFAN programs call a system dJdependent subroutine as
fellous:

REPRODUCIBILITY OF THE
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CALL OPENR(NT,IFTYP,ID,IR)

If IR 1is not =zero, them NT and ID are coasidered
Ssubroutine inputs. NT is the logical unit number from which
the file is read and ID is the file access identifier, which
should also be the primary file identificaticn number. If
IR is zero, then ID is not considered a subroutine input and
NT is cnly the defauit unit number. In this case, the
program reads in ID and NT from a card via 2I5 format. If
the value of NT on the card is zero, the subrcutine replaces
KT with the default value. ‘

In addition to NT, IDP, and IR, IFTYP is’'also imnput tc
the program. IFTYP defines the +type of file being read
according to the table in ‘the previous secticrn. :

Once ID and NT have ©been determined, the progranm
attempts to open the file using a file name determined from
ID and IFTYP. The capability to cpen a file from a FORTRAN
Erogram depends on the system keing used. As explained in
the previous section, this may involve a DDEF or EQUATE
" command and can eliminate the need fer job ccntrol cards to
handle files. .

The program rewinds +the file and writes a message

indicating which unit has been cpened and the value of IL
and IFTYP. -

After control is returned to the calling program and
the first record of the file has been read, all POTFAN
Erograms check to see if the access jdentifier is equal te
the actnal primary file identification numkter existing on
the first record. If noct egqual, the program writes an
intormational diagnostic message and proceeds. This feature
is meant to be a helpful filekeeping technigue tor those
systens that do not permit automated file ccntrol.

After the file has been read and there 1is no furtaer
use for 1it, it is released bty calling ancther systerx
derendent subroutine as fcllous:

CALL FILEND (NT)

1his subroutipe rewinds unit NT and (if reguired by the
systen being used) releases the unit.

A-3



AFPENDIX B

E_STANDARDLZED FORMAT OGF_ECTFEAN FILES

L standard fcrmat has keen developed fcr POTFAN files.
This forrat is applicable to all files except scratch files
and plot files. fThis standard has Lbeen developed for the
tollowing reasons: '

1. to minimize +the effects of <changes in one POTFAN
seguent on cther POTFAN seqments;

2., to allow a proegram to be develcped which can list
and/or edit the contents of any BUTFAN file; ahd

3. to promote consistency amcnyg PCTITAN [royrdus.

Brietly, the standardized POIFAN rile consist of one or
rcre recerds. The first reccrd 1is called the aintroductory
record and contains miscellaneous data including tne primary
1dentification nunmker, a title, and teal, 1inteyer, and
lcgical rarameters reflecting hew the data on the remaining
records was calculated andscr how it is tc be used. The
second and subsequent reccrds generally contain the bulk of
the data and are called data records. The latter records
contain cone cr Wmore arrays whichk are always either inteyer
cr floating point numbers (i.e. integer and flcating point
rusbers are not mixed cn & single tTecord). A detailed
description 1is given Lelcw.

kirst Recerd (Introductory Record)

This 1ecord is created by an, unfermattea write
statenent such as the follcewing:

KRITE {NT) SCTIpk, (CTIHE(N),k=1,NCTIKE), NTITL,
# (TITL (N),N=1,NTITL) ,NRECS, (IFORM(N),N=1,NRECS),
¥N1D, (ID(N),N=1,NID), NLOG, (LUG{K),l=1,NLOG),
#NINT, (INT{N),N=1,NINT), NELT, (FLT(N),BK=1,NFLY)



The values of NCTIKE, NRECS, NID, NLCG, NINT, and NFLI
are all at ‘least one and can vary from file t¢ file even for
files of the same type {e.g. NINT may be different on two

different. geometry files). An explanation of these
variables is given below:

KCTINAE Number of words in (CTIEE)

{CTIME) Creation time ip A4 alphanuseric fcrmat. Whether
or not this array can be filled out depends on the
availability of a system dependent subroutine to
compute it. This array is used only as a
filekeeping aid. It 1is printed cut whenever a
file is created or read.:

NTITL The number. of words inm {TITIL). Generally NTITL is
a multiple of 20.

{TITL) Alphanumeric titling informaticn (e.g. "Delta wing
with flaps¥). This array is to be written under a
format such as (1x,20a4,).

RRECS The number of records (including the first)
comprising the file. NEECS is alsc the number of
words in {IFORH). )

{IFORH) An integer array indicating the kind of numbers on.
each record. A value c¢f =zero irgplies an integer
and a value c¢f one implies a floating point
number. IFORH (1) has nc significance.

NID The number of words in (ID)

{1D) Identification number array. IL(NID) dis the
primary file identification nunmber. In order to
keep track of files IL(NID) should be unique for
"each file. This number is printed out whenever
the file is created or read.

KLOG The nuepber of words in (LGG)

(LCG) . An array of logical parameters

NIRT Number of words in ({(INT)

{INT) An array of integer parameters

NFLT Number of words in (FLT)

(FLT) An array of flcating point parameters.‘ If the

remaining data on the file is dependent on hKach
number, then FLT (1) is the Mach number.

T
!
-
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second and Subsequent Reccrds (Data Reccrds)

The remaining records of PCTFAN files <cContain ofle OC
FOLe arcays. If +the data record contains more than one
array, then all arrays on the reccird must ke of the same
type (i.e. either integers or real numbers, but not both)
and all arrays must have ¢the same nusker of words. The
records also contain array dimensioas {J1, JZ, and J3) aund
the total number of words in all arrays cn the record (NW).
Followiny are sonme examples of code uscvd to create data
records: ’

N = J1%32%J3
WRITE (NT) J1,32,J3,8W, ({(A(I,J,K),I=1,31},30=1,J2) ,4k=1,33)

J3 = 2

NW = J1%32%J3

ARILE (NT) J1,J2,Jd3 NH,{(A(I J) ,I=1,31) ,d=1,42),
LB (1) ,1=1,d1) ,0=1,32)

JZ2 = 1
J3 = 1
Nw = J1

WRITE (81} J1,J2,J33,8W, (A{I),I=1,NK)

gz = 3 -
a3 = 1 ——
Ni = 3%31

WRILE (NT) J1,d2,Jd3,89, (A(I),1=1,31),{B (1) ,1=1,01),
#{C (1) ,I=1,31)

Note that in the akove examples all dimensions with
multiple arrays were sritten with the leftmest indices
varying most rapidly. 7his practice 1is always followed
unless it is strictly necessary tc do otherwise.

No matter how a data recerd was created, i1t Can be read

10 by either of thne fcilcwing:

READ (NT) J1 J2,33,80, (A (1) ,I=1,84)
READ (NT) J1,02,33,80, (((A(I,d,K ,I=1,31) ,d=1,J2),K=1,43)

In the tcrmer case, the data 1is packed =olidly aiutc core.
In the latter case, scme a rriori knowledge of J1, JZ2, and



J3 or their maximum alloWable values must have. _been
available in order to properly disension (A). Such a priori
‘knowledge is generally ccntained as elements cf {INT).

Different data reccrds may contain data of different
types and may have differing values of 31, J2, J3, and NH.



AFPENDIX C

C_ARRAY_ BOFPATION

A skorthand notation fcr referring tc arrays in the
internal and external dccumentation or POTFAN programs has
teen developed. 7This notaticn shculd ke made clear bpy the
rollowing examples:

(1) This implies that 2 is an array.

{d (8)) This refers tc all the wcrds 1in (&) trom 1
. thrcugh N.

A {N) This reters only tc¢ the Nth weord of ({A).

(A{L,J)) Tris refers to all the words inm the doubly

dimensioned array A& fcr which the first index
varies frcr 1 to 1 and the second from 1 tc
J.

A{L,J) This refers to the element in (Aj for which
the tirst index is I and the second is J.

{4 (I,d),3d=3,K) This refers tc the words of {A} for which the
first index is I and the seccnd index varies
from 3 to K.

{4 (I, *)) This refers to thcse elerents of (i) Tfor
which the first index 'varies from 1 to L and
- the second index varies frcm 1 +to some value

which for scme reason cannot Lte derined.
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EROGRAN CALLEL BY CALLS

ATR "INVRS, ITRM, RIVNS None

BLKINV INVES MINY

FALL INVRS, ITRE, MATMLI, None

MINV

HOUSE INVES None

HREC INVES None

INVOUT INVES OEESNW, FILEND, TIMEST

INVRS OPRN, ITRM OEESXW, BLKINV, FALL,

‘ HOUSE, BREC, 1NVOUT,
MATERC, MINV, SOUT,
TRIZ, SCLVE, ATR

ITRM OPRN ATR, FAIL, INVRS, MATCGH,

MATPRF, HATPRO, OPENW,

PART, FILEND, TIMEST,
TRIF, GEENR, RELFIL

© TABLE 4.1~1.

»

TABLES-1

Sukprogram Calling Structure



PROGERAH CALLED EY CALLS

BATLCH 5CLNTIV, ITIRE Hcne -

BATHLT SCLEIO MATFRC, SUUT, FALL

HATPEF ITRH Nene

HAT PEC INVES, ITRE, MATHMLI Ncne

MINV BLKIKV, INVAS FALL, TELP

UPENER ITRM, ERBCS, RCIVNS, Bachine aereanaent sub-
RIVNS, RVNS rcutines only.

OFENW Ixvoby, ITR¥, SCUT Machire dependent sub-~

routires only.

OPRN SCLNIO INVES, ITK:, PART

PART CPRN, ITRHM Ncne

KBCS SCLNIO RELFIL, BHSCOd, OPENR

RCIRVS RVNS GPERR, RELFIL

RELFIL ITkM, HBCS, RCIVNS, hone

RIVNS, RVKS

TABLE 4.1-1

TABLES-2Z

.Subkrrogrew Calling Structure {(Cont'd)
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PROGRAN

CALLED BY CALLS
HHSCGH RBCS Kone
RIVNS SCLNIO ATE, OQFENR, RELFIL
RVNS SCLXNIO CPENR, RCIVHNS,
RELFIL, RVNSZ
RVYNS2 RVNS None
SOLN None SCILNIO, TIMEST
SCLNIC SOLN MATCCONM, MATHLT, CPEN,
RBCS, BIVNS, RVNS
SOLVE INVES ETIME, ETIMEF
30071 MATHLT, IRVES GFENW, FILEND, EIMNEST
TIMEST INVOUT, ITEH, SOCUT, System derendent sub-
SOLN routines only..
TRIP MINV, INVRS, ITRH

Ncne

TABLE 4.1-1

Suhprdgram Calling Structure {Concluded)

TABLES-3



CCHANCN

BLOCK

NAGE SIZE USING SUBPROGRANS

CONS1I 10 Nearly all

¥SCOH 110 ITRH, oECS, SCUT

INVCOHN 70 INVCUT, INVES, ITRH, HATCOH,
PATKLT, CPRN, PART, RBCS, RCIVNs,
KHSCOHM, RIVHS, RVNES, RVNSZ, 50Lh,
SCLRIC, SCUTI

ANVFLG 50 ITEM, KHCIVNS, RVAS

NIDCOH 864 INVCDT, INVES, ITRM, HATHLT, RbCS,
RCIVNS, RIVNS, EKVNS, HVNSZ, S5ULN,
SCLNIC, S0UT

NOCOH 9 INVCU1, INVRS, ITHE, KATCOH,
KATHM1IY, CERN, PAHT, RBCS, RCLVNS,
RIVNS, BVHS, RVNS2, SOLN, SULNIO

NICOH 200 IIERK, RECS, RCIVMNS, SCLNIC, SOUT

TASLE 4.3-1 Ccrmon Blcock Usage

REPRODUCIBILITY OF THE
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FORTRAN CUBRENT
VARTABLE LOGTCAL URIT DESCRIPTIOHN VALUE
INL Temporary storage device 11
ES% Temperary storage device 13
INCBD Tenporary storage device 14
INLT Terporary stérage device 12
INB Temporary stocrage device 15
INBT Temporary storage device 17
INVR Temporary storage device cr logical 18
unit number for output of inverse or
deconpositicn matrix file
NTIR Temporary stcorage device 16
NICP Printed ocutput device in 6
conversational mode
NTP Printed output device in batch rode 6
NTCR Conversational mode input device 5
NTR Batch mode input device 5
BIN Batch mode input device 5
ROUT Printed output device iR batch rode 6
QUTA{ ) Array of lcgical units for User
solution cutput files Input
NBCR { ) Array of logical units focx User
constant vector input files Input
INPS{ ) Array of logical units for preset User
singularity input files ’ Input

TABLE 4.4-1

Sumpary of Logical Uaits Used Ly SOLN Code

TABLES-E



CONSTRAINT
FUNCTION
"TRANSFORMATION
MATRIX QUTPUT
FILES

L-S¥80014

CONSTRAINT CONSTRAINED
FUNCTION . VELOCITY
CODE INFLUENCE
{CFUN) MATRI!ﬁ_ggTPUT
a4 A
¥
e EQUATION
INFLUENCE VELOCITY SOLUTION
GEOMEIRY GEOMETRY MATRIX INFLUENCE ,| SOLVER VECTOR
{GEOM) ouTPUT CALCULATOR MATRIX OUTPUT S CODE OUTRUT
FILES CODE FILES {SOLN) FILE
(Vv
Y
3 T Y
LOADS AND
PRESET PRESET BOUNDARY BOUNDARY FLOW FIELD GRAPHICS
& |SINGULARITIES SINGULARITIES CONDITION CONDITION OUTPUT EVALUATION DISPLAY
CODE SOLUTION OUTPUT CODE EILES CODE ' CODE
(PRESET) FILES [BCDN) (FOTFOR) (PLOTGM)
fx F: Y 4

FLGURE 1.0-1 TFotential tlcw Analysis System Structure
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FIGURE 4.71-1 Eguaticn Sclver Frcyram Subroutine Structure
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FIGUKE 4.7-1 Equaticn Sclver Program Logic Flow Chart (Cont'd)

FIGURFS-5



1S THERE

ENOUGH STORAGE
LEFT FOR

COMBINING THE

MATRICES
?

WRITE DIAGNOSTIC
MESSAGE INDICATING
NOT ENOUGH
STORAGE

v

STOP/PAUSE

" CAN THE
ENTIRE PROBLEM
BE SOLVED IN CORE
WITHOUT NEED FOR
1/O DEVICES
?

IS AN
ITERATIVE
METHOD

USED
iy

FIGURE #.2~1 Equation Sclver Program Lcgic Flow Chart (Contfd)
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!

) READ INVERSE
NTR

COMMAND INPUT
PARAMETERS

x

4 WRITE INVERSE
NTP COMMAND INPUT
PARAMETERS

y

IS THIS
ITERATION

PROCEDURE
?

NO

WRITE DIAGNOCSTIC
MESSAGE THAT
{ NTCP

INVERSE OR LU _

DECOMPOSITION CANNOT —
BE COMPUTED VIA

ITERATION PROCEDURE

' l“.k

PAUSE/STOP

v

‘COMPUTE
ADDRESSES
FOR ARRAYS

REQUIRED

FIGURE 4.2-1 Eyguaticn Sclver Program Légic Flow Chart (Cont'd)
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PARAMETERS FOR
MULTIPLICATION
COMMAND

READ INPUT
[ NTR , PARAMETERS FOR.
MULTIPLICATION

COMMAND

WRITE INPUT
[ " NTP

COMPUTE
ADDRESSES
FOR ARRAYS
REQUIRED

IS THERE
ENOUGH

STORAGE TO
PERFORM MULTI-

PLICATION
?

MESSAGE INDICATING
MORE STORAGE

WRITE DIAGNOSTIC
[ NTCP
REQUIRED

PAUSE/STOP

FIGURE .4.2-1 Equaticn Sclver Program Lcgic Flow Chart (Cont'd)
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COMBINE THE

4 SUB-MATRIX
Mg?'éém FRAGMENTS AND
’ Pl STORE ON FILE

KST

F
READ FRAGMENTS
ggléls' OF CONSTANT
VECTOR

( READ
NTR PARTITIONING
PARAMETERS

4

NTP WRITE
OR PARTITIONING

NTCP PARAMETERS

FIGURE 4.2=1 Bguaticn Sclver Program Logic Flow Chart (Cont'd)
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READ PARTITIONING
NTR DEFINITION INPUT
PARAMETERS

v

WRITE PARTITIONING

NTP DEFINITION INPUT
J PARAMETERS
H

- . ¢

READ SOLUTION
NTR INPUT .
PARAMETERS
NTCP 4—/

Y

WRITE SOLUTION
INPUT
PARAMETERS

I8 THIS
ITERATION

READ ITERATION
NTR PROCEDURE INPUT \

PARAMETERS

FIGURE 4.2-1 Equation Sclver Program Logic Flow Chart (Cont?d)
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©

WRITE ITERATION
NTP PROCEDURE INPUT
| PARAMETERS

%

COMPUTE STORAGE
ADDRESSES OF
REQUIRED ARRAYS

IS THERE
ENOUGH
STORAGE FOR )
SOLVING THE /
PROBLEM ,

YES

WRITE DIAGNOSTIC

NTCP MESSAGE FOR

EXCEEDING ALLOWABLE
STORAGE

P

COMPUTE SOLUTION
caLL TO SYSTEM OF
— EQUATIONS

FIGURE 4.2~1 Eyuaticn Solver Prograr Logic Flow Canart (Cont'd)
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STORAGE TO
SOLVE THE
PROBLEM

MORE STORAGE

WRITE DIAGNOSTIC
| NTCP MESSAGE INDICATING
REQUIRED

PAUSE/STOP

v

COMPUTE
CALL [€¢—— INVERSE

OPRN — > CR LU
DECOMPOSITION

[

;

CALL READ INVERSE OR
RIVNS LU DECOMPOSITION
MATRIX

FIGURE 4.2-1- Equation Sclver Program Logic Flow Chart (Cont?!q)
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COMPUTE
«— MULTIPLICATION
Mg"}"ll\:ﬂli_T OF INVERSE OR LU
> DECOMPOSITION AND
CONSTANT VECTOR

FIGURE 4.2-1 Equation Sclver Program Logic Flow Chart (Concluded)
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L —STENOT |

AX=B

Agq Agp Aga Agg Are|Arp Ay AgalArg A T x2 11| p2

11 P92 M3 M4 S15]™6 M7 181719 M0 X4 1 bq 1
A21 L ] L] * L . . . . x; Xg . »
A31 [ [ » L] ] [ ] . . [ ] x; Xg [} ]
A41 . [ ] [ ] L] [ ] [ . - ) )(1 Xi [ .
A51 . ™ . . ™ . . . Py X ; Xé . *
A61 ™ ™ . 'Y . . ™ . . X; Xg - ' ™
A71 . . . . . . . . . x; X§ . .
Agq o . . . . o . ° X; xg . .
A91 L ] L J L J L ] [ ] [ ] [ ] s [ ] x; xg [ ] [}
______________ T T 1 2 1 2
Apr * ¢ c | =+ ] Ao [X10] %50 [b10]]|P10

y AIRCRAFT COMI

y AIRCRAFT COME

¥ AIRCRAFT COMI

SUB-MATRIX OR SUB-VECTOR BOUNDARY
— — — - SUB-MATRIX FRAGMENT BOUNDARY

F1GURE 8.0-1 Illustraticn of the System of Equations Solved
for Test Cases 1, 2, 3, and 5; a 10x10 Square Matrix Conposed
of Three Aircraft Components and 22 Matrix Fragments.



10 COLUMNS AX=B

r a )
[ [Arre e e o Te o oo Ao] [X | o] |02
* L] . . ] [ ] [ ] L ® & ] [] o L4
[ ] * [ ] L ] » L ] [ ] * _-O—_-_-O- * [ L [ ]
s o ¢ e » _;_: —:- . ° . . e || @
I O el [olfe
» - [ ] ® L (-] L ] " ] _B_—..—- - [ ] [ ] L]
_p—_._o—_—._t‘_ L) o ] @ L} L] ] L1 ]
L} [ ] ] . L] [ . (] L] @ [ ] -] : L ] L 4
17ROWS ¥ | o« o o o o ]o o o]l o o o |l ol
A P I A
e e s o s lo o o o o] ol [
—0_0—0—-.—9— e o e & ° 8 °
e ® & o @ e o o . s » .
[ ] L ] L ] L ] o [ ) o ] L] a -] »
e © e © @ * o 9 _o— Td o L]
I PR Y o1
{ Aq71e o o o le o of s A790 Ibl;. Iblz_"_

SUB-MATRI!X OR SUB-VECTOR BOUNDARY
— — — SUB-MATRIX FRAGMENT BOUNDARY

FIGURE 8.0-2 TIllustraticn of the System of gjuations Sclved
for Test Cases 2, 6, and 7; a 17x10 Rectangular Matrix
Composed of Three Aircraft Cowponents and 22 fHatrrix Fragments.
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hY
DIMENSION 5{150,150)-8?150).TITLt5),IFORMvcio)}IDV?S).LOGV(IEJ,INT
IVE12)oFLTV(6), IFORMB(G) , IDR (D), LOGB (9, INTB(3),FLTB(1),FRC(1L)
’”“;ﬁiﬁENSTQN"NRPtTST}NCPCESTINF?Cf3;3),MRPFr3r3,3]pNTVHWTS;I)}NTECNtE"
) '
LOGICAL LOGv,LOGR
" "LOGICAL CONV,BATCH - '
£OMMAN /CONST/ CONV,BATCH,DUMY(4) ,NTEP,NTP,NTCR,NTR
DATA TITL/4HYERT,4H CAaS,4HE FN,uHp SO0,4HLN 7/
ST T T TTORTATIRORMY /0, 9 1/, TFORMB/0, 841 / T
IDATA LogV/F,?,S*F,Tpkl,waVAo,s,a,a*n,10,10,1,10,21/,FLTU/0,,1.,0.
2045004,0,7 - .
BATA | DGR/UF,T,F,T,F,F/,INTR/0,10,1/,F.TR/1,0/
DATA F8C/1,0,1040,0/
DATA NCMP,t/ NFPL L/, MULT /17, MEXP /3,
"NAMEL IST/MDATA/ZNCMP NRPC,NCPC, NFPr, NRPF , NTVNW,NTREKW, MUL T, MFXP ,NSOL"
NTRESR . )
NTCRaS
NTPRy
NTCPa=g
10 CONTINUE '
- "READ— Ry #pPROMPTIHENTER My 1) N
TFeN,LE,0) STOP 777 ’
NSQmNwN
N8Ot =i
NMRPLP1)mN
. NCPC 1) mN
- s NPl by Yen o e - -
READ ¢S, MDATA, ~
nO 2 I'IQN
DO 2 Jei, N ;
KKm((NoelABS(1eJ))aMULTy2aMEXP
e - - AONTINUE -
PO 6 Imi,N
crnd’
= DO 4 Kei,N
4 CTuCTeh¢l , KyeFLOAT pi)
R(I)aCT
& e ONTINGE e e

FIGURE 8.0-3 Program Used tc Generate the Matrix and Constant
Vectors for Test Cases 1,3,4, and 5.
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NTITTLESY

HINVEY

N OGYy=1e

MIMTVRY{Z

NFLTVES *

thv i) =1

“Inhvez2lse

R RN R

TNTV )22y

MIDBe2

NLAGR=Q

MINTR=Y

MFLTR21

Teeyl=1

M{'\LEM?;Q

PUMIRl

MVF8E3

MFERLE1 Y

338

MRELCSH=1+3aMS0

kel

i 2n TC=1,NCMP

WCml

TNTVe2YsNRPLIIM)

ITNTVEQISNRPLLIC)

| KekReNEPL 10 ) my

Nt 50 JC=y ,NCMP

tFONEPPEIL, 10, R 1Y NRPF (1,00, 1C)FNRPC(IC)
LLakn+MCPC P 10 ) =

NKECSVa I +NFPC(JIC,TE)

NTYNe]

eall OPENW/NTVYN, 3 NTVNu,IC,IC), 1)
IDVLg)eNTYNWIJC, IM)

tNTVeBYIBNCPC 30

NFRCTC=MNFPE ¢ JC, 10D

TNTVelty=0

nh 30 IF=i, NFPCIC

30 TFeNRPF(TF JP, T0Y GT  INTy11)Y) INTy et YsNRPE(IF,JC, 1C0)
wRTITE(NTVYNY MnHMT.NpUMI,NTTTL,TITL,MPE[SV,fIFQQMV(I),[gl,NRECSV),N
1TDV,TUV,NLOGV,LOGV,NYMTV,INTV,NFLTV.FLTV
WRTTECh,6000) NTITL, TITL,NRERSY, (IFORaV(T) T2l MRECSV)
AaOg FOPMAT(2X tNTUN t1/2x T13,544/2Y,2015)

FIGURE 8.0-3 Program Used tc Generate the Matrix ana Constant
vectors fcr Test Cases 1,3,4, and 5 {Contd)
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6001

done

40

50

aons
404

200

6008

100

29

WRITE(&,6001) NIDV,INV,NLOGV,LOGY, NINTYV,INTV, NFLTV,FLTV
FORQ&T(EX.HISIEX.IS.12L5/2!.IS-iEI5/2X;15.2X;6E12.5)
KuK

DO 40 1Fsi NFPCIC

NIaNRPFCIF,JC, 1)
~guNePerdcy - - -

LeK¢Nis]

MmNt wh2

WRITEINTVNY N2 N, NI, NW, (AT, J),18K,Ly,JoKC,LE)Y
WRITE(6,6002) Na,M1 N3, NW, ((AcE, J),InK L,,J:Kc LCy
FORMAT(EX.'NTVN pelax uxs c/ax 19512 53)
wwist-— - - R

CONTINUE

CALL RELFIL ¢(NTVNY

KCulCed

cONTINUE

NTECw2

calt- ﬁPENhtN?acuapNrncﬁtICJ;r)

tDB2)aNTBCU L)

1NTB{23INRPC€IC)

INTBE3)RNSOL

WRITE(NTRC) NDUMT NDUMY NTITL,TITL,NRECSH, fIFUnHS(I}ptilnNRECSB] ]
1I0R, 103, NLOGR, LDGB NINTB INTR NFLYB, FLTB

wRITetb 6003) NTITL TITL, Nﬂﬁcsﬂ (IFORHB(I) Int NRECADY
FGRMAT(EX,'NTBC 11/2! 15, SAQIEX,ZOISS

WRITE({6,6004) NIDB,IDB,NLUGB,LDGB,NINTB,INTB,NFLTB;FLTB
"NysNRPC(IC)

N 100 ISOL®Y,NSOL

--p8 00~ ImKR;LR - -

Be!)ewISOLAB(T)

WRITE(NTBC) Nl'NDUMI,NDUMI,NI,{B(I);I'KR!LR)
WRITF(6,6005% NI, ,NDUMI NDUMI N1, (B¢]1),IKR,LR)
FORMAT(2X, INTBL 21/72%,415,¢/2%,10E12,5)
NWgN{aNVFS
'?R%¥Ef”¥ﬁﬁ}“NFﬁtTﬁﬂﬂ*fnNﬁUHfoNFSﬁTFSC‘
CONTNUE '
“RalLR+!

ALl RELFIL(NTRC)

CONTINUE

S10P

.-.E_N.ﬁ._.. v e s a——

FIGURE 8.0-3 Progranm Used tc¢ Generate the Matrix and Constant
Yectors for Test Cases 1,3,4, ;nd 5 (Concluded)
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io

3

NIMENETON A¢150,150),B¢350),TITLIS), TFORMVI0),IDVE),LOGV(I2),INT
1vr123;FLTVrb),tFﬁw“F(qg,IDE(E},LGGHrq),INTB(SJ,FLTR(I).FSCrlz}
NIMENSTOM MRPRe3) NEPEP3)  NFPCE3,3) ,MRPEFY, 3, 3) , NTYNK(E,3) ,AnTHCW,S
1 .
NIVENSTON Rei180),vTeh),vCe3),17(6)

LOGICAL 1 06Gv,_ L06Gg

LOGICAL CUNV, BATOH

FOMMON JCORST/ CO8V,BATCH,DUMY (4) NTEP,NTP,NTCR,NTR

NATA TITL/Z4RTEST, a8 £45,4HE FO,4HR S0, 4KLN  /

NATA IFQPMV/0,9:1/,1FORMR/0, 841/ )

DATA LOGY,F, T,RaF , 7,5/, INTV,0,5,2,820,1001041+10,21/,F17V/0,,1,,0,
lnoﬂﬂnasoe/

NATA | ABB/USF . T,F,7T,F ,Fr, INTR/0,10,1/,F Ta/1,0/

NATA FSE/1,0,1040 0/

NAMEL IST/Z7uNATA/ZMNCMP NRPL  NERE NFPC,MRPF  NTYNW, NTRCYW , ML T, MEXP, NSO
MAMEL IST/STZE /MR  1ip

yTHES

MTCRaN

nTRa.

MTCP2e

FONTINGE

REMDrS,58I7E)

WERaMK MG

Mg gt

SEAD S, MDAT A

JaCUmzy

FACHMR

Ygq

N 3 Isl NCHMP

Mmty 2

Tl1eMal)e=TACUM

TI¢MISNCPE(IY+TACHM

TACUMRTACUMSNCPC YY)

YleMallaJacum

VItMYaNRPC T+ TACH M)

JACUMZ JACUMINKRC £ 1Y

ronTINUE

t MAXE@ aNfMP

ME A

FIGURE B.U-4 Progranm Used tc Generate the Hatrix ana Ceistant
Vvectors fcr Test Cases 2,6, ana 7
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UYL nRlgs
KigKal
'aﬁ"E_Lui.tﬂix
MBM 43
DeMIaTrii)iwnky
e GR T INUE e

1 CONT ITNUE

NEwi

Cabl HOUSE ¢\ MAy,3,D,NS,vI,vey

BG 2 Jei N

Yu?CtlJ#vt:E)*ytvr(S!*J*J

e - 2 L g R

AtY, J}S[(NR'ABS(I'VB!t”ULTﬁ**MEKP

2’ tONTINUE
No & tei NR
LYed’
DO 4 Ky ,NE
.—..—.ﬁ«- -~
BtlieCr
[ CONTINQE
MYTTLHE
NIOVe3
NLOGYES2
e e HENTYRYE
NFLTyRg
10v(i)m)
1ov(2)ag
INTV(3im,
tNTVrI2)8m21

e 1BEEY - — -

FIGURE

N OGRuEY
NINTRABY
WFLYRE(
IDB¢1) s}
NDUMT e
Bl wtd
NVF8w3
NFBLBY
el ‘
MRECBBE $24NSDI
KR®y

DO Ry ICWTNENP

CTRCTHALY I LOATIKY

8.0-4 Progran Used to Generate the Matrix Comstant
vectors fer Test Cases 2,6, and 7 {Cont*d)
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Kroi

INTYeR2)anNRPC IO

TNTVeg)aNRPC(Tr)

LReKR+HRPL(IC) =}

PO S0 JC=y NCwP

TE(NFPC(IC, 10y,ER, 1y NRPF (L, JC, ICy=NRPCTIC)

LCuKC+NCPCrIf )=

NRECSVRILNFPCLJIC, 1Oy

MTUN={

CALL OPENpeNTyN, I NTyNu(JC,10),1)

TRVIZYaeNTVvNurJe, TC)

INTY(RISNCPLE IE)

NFRCTCaNFRPeeIC, 10

TNTyrl1)z0

mo da TF=y  NFPRIC
%o TEINRPE(TE s JCsICY 6T oINTVEELY) INTV(11)aNRPREIR,JC,10)

: WRITE(NTVNY MpUMT NpliMT NTTTL, TITL,NRECSV, (IFORMV Ty, 121 ,HRECSVI,N

1rhv 10V, NLOGY, anv hrth IMTY NEL TV, FLTY

wnrrrta,aqnoa NTTTL, TITL,N“ECSV tIFORMU(I), =1 ,NRELSY)
AGOD FORMAT(2X,'NTVN 11/2X%,15,584/2Y,20T5)

WRITE(B,6001) MIDV,IDV, NLOGV, LOGY MIMTV INTV NELTV FLTY
Aph1 ENRMAT,2X,415/724, T% 12L5/ar Ts 1215/2! 15 2%, bFlE %;

KpkR

nY 40 yFey NFRCC

N1gNRPE (TF,JC, 1)

NR=NCPL(JC)

| ExiNlm]

NyshlaMe

WRITFENTVN) NE.ME.NS;NW,((A(I.J)-Izk;LT,J=KC.LC3

WRITE(6,6002) M2,N1, N3, NW, ((ACT,J), T2K,(),J2KC, O
BOND  FORMAT (22X, sNTYN 20/2X 415, 0/2X,10E12,5%))

wel &
dn cONTENUE

cabl RELFIL ¢NTVNY

kKCsl 0+
5 AONTINUE

nTRBLxZ

rall OPENwWeNTKC,2,NTRCWIC), 1)

TDR(2)SNTROWFIL)

TMTB(ZIRNRPCIC)

INTEF3)ENSD|

WRITE(NTRCY NDUMT NDUMY NTTITL, T[TL,MRFrsn,(IFUQMQEI)'Igi,un&rsp,,

FIGURE 8.0-4 Program Used tc Generate the flatrix and Ccastant
Vectors for Test Cases 2,b, and 7 ({Count'd)
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6003

YY)

.200

-6 005"

100

{IDR, 108, NLOGR,LOGR,NINTR, INTB,NFLTR,FLTR

WRITE(&,6003) NYITL,TITL,NRECSE, (1FORMB(¢1),1m}i,NRECSB)
FORMAT(RX, INTBC 11/2%,15,544/2%,2015)

wnzTrta.boOas NIDe.IDa,NLGGB LOGB NINTR,INTB,NFLTR,FLTR
FORMAT¢2%,315/2%,15,9.5/2x,15, 315/21.15 2:.11510 ug
NilNRFCtIC3

nD 140 ISOL=mY,NSOL

ne 200 ImKR,LR

HtI)uISOL*B(I)

WRITEI(NTBCY N1, NDUHI-NDUMI Ni,CtBC1Y,12KRLR)
WRITE(6,6005) N{, NDUMI,NDUMI, Ni (BtI),InKP LR)Y
fﬁﬁﬁt#ta*qtﬁrec 2tfax,a151t12xgtﬂsiz 513
NWRN{wNVFg

WRYTE(NTRCY NFSC,NDUMI, NDUMI JNFSE, FSC
fONTINUE

KReLR4+1

cALL RELFIL(NTRC)

CONTINUE- -

STnP

EnD

FIGURE 8.0-4 Prograp Used to Generate the Matrix and Constant

Yectors for Test Cases 2,6, and 7 (Concluded)
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19
FMDATA NOMP=z MRPC28,3,2,8(P(325,3,2,
NREEZ2,2,1,5,1,1,1,1,%,2,1,0,1,2, f,t,1,1,1,0,1,1,0,1,1,79,
aTvaNz?099 Toeu,?7061,7062,7063,7004,706%, Tose, 1067,
NTROWST0=~B T0609,7070,MU0 T2, MEXPRY, NS 22 3Ewn

(2, MFPCES,4,3,2,2,3,2,2,2,
)

Pt
’
i

FIGURE 8.0-5 Input Used tc Rup ST1ESY Frogram
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$512F uRz217,aCzl0 $Ewmn

§MDATA N(CMP=z,NRPCET7,6,4, nCP=5,3,2,.,nNFPER3,3,3,2 2 8,
NRPFad,2,1.,3, 1 3,2.,3 'E;“ 2,0,1,5,0,3,2,1,3,1,0,2, 2,
NTvmw=7077 7078,7079 7080, 7081 7082 7083 7080.7085,
NTRCWw=7086,7087,7088,MULT=1, MFXP 7,M800L32 fENMD

1

* PIGURE 8.0-6 Inpuf Used to Rumn STESTIR Progran
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TRUEF
SAMPL: CASE 1 FOR THE SOLN OpkE)
SOLUTID™ ny DIRECT :
U REFOFPOSTTION METHON,
RatlH MoDg
THREE AJRCRAFT COMPUNENTS,
THO € NaTANT VECTNHRS,
CNTL N
N
REAU IMFLNENCE SUuB.MaYRIX FILES,
VNK§
2089
7060
Tukt
1h62
Toesd
toé4
Toes
In6h
1067
SIntE THE ENTIRE MaTRIx FITS IN
CNRL, CpMuy fnMMaND T4 NAT
MEELE .
READ LONSTAMT SUBVECTAR FILFS,
RCWE
70468
- Va9
7070
SOLVE AY LU DECOMPOSITION,
AND DFFINE tTHE SOLUTION
SURYVELCTOR OUTPUT FILES,
SQLV
7 r
7071
T07e
7073
0
ALl Dunv
S§¥eP : :

‘FlGUHE 8.1=1 Iaput for SCLN Ccde for Test Case No. 1
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POTFAN EGUATION SOLVING PROGRAM ¢SOLN), VERSION 1,1
-u:lassalul:t.lt:!:::taaustnlt:aissauss:astsu;::aslt

—~— e e mi = i

DYNAMIC MEMURY » 10000

TR MY ey e oSy
1 SAMFLE CASE | FOR THE SOLN ¢ODE,
TR TS OLUTTON - BY D IRECY T o
e LU DEOMPOSITION METHOR,
+1 BaTCH MDOE" )
v: s
+1 - T®0 CONSTANT VECTORS,
+31  ONTL
o NEMPE - - S IPERATE— - — P s e
48 READ INFLUENCE SUBeMATRIX FILES,
+1  VNRE o

NT HES—BEENOPENED FORREFDINGONUNIT— 1
CREATION T1MEa07/07s76  oO4gn815a

UNIT { REWOUND AND RELE&SED

' ¢ YNSPHRE H&S—BEEN “OPENED FORREZDING ON- UNIT— -
CREATION TIMEx07/07/7¢ 04108154

UNIT { REWNUND AND RELEASED

ry e 4.1 '!—_"
CREATION TiMEa07/07/76 04208354
UNIT t REWOUND AND RELEASED )
*—'thtE“TUt?Tvﬂ?PNt———"*_—‘“—*ﬂts—ﬁttﬂ—ﬂPENED-fﬁﬂ—ﬂtzUfﬂﬂ*ﬂn~ﬂﬂ11“'1
CREATION TYMEROT/07/76 - 043108154 '
UNIT 1 REWNUND AND RELEASED .
. c NESBEEN OPENEDFOR—READINGON-UNTT—1 -
CREATION TIMER07?/07/76 0UL08ISY
UNIT 1 REWOUND AND RELEASED
e FHAE Tt VRPN — HES—BEENOPENEDFOR REZDING-ON UNIT -
- CREATION TIMER07/07/76 Q4108154
UNIT § REWOUND AND RELEASED

; SON NP -
CREATION TyMEx07/07/76 04308854 :
UNIY § REWOUND AND RELELSED : ,
TFIE - Tob e VNS ING — THASBETN-OPENED FOR-READING ON -UNET —
CREATION TIMEx07/01/76 04308184

FIGURﬁ 8.1-2 Output for SCLN Code for Test Case No. 1
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Uume i
FILE 7007, vhepNe
CREATION YIFEe07,07/76

1 WKEWOUND AND RELEASED

HAS BEEN OPENED FOR REaDING ON UNTT 1

04108154

UNIT  REwWnlMD aND RELEASED

41 SINFE THE ENTIRE MaTRIX FITS IN
+1 CURE , COMB cOMMAND 1S nQT

+3 NEE=-ED, )
*t REafr +ONSTANT SURMYECTNR FILES,
+¢ RECRE

FILE 7008,nrepNg
CREATION tIHFw0Y/07,76
UNTT
FILE 7069,RCwPNC
CREATION YerEc0T20%270
UNTT1
FILE 70706 ,.R¢ wpN(C
CREATION TI=ExQT/07/470
UNTT
X!

Ha8 BEEN UPENED FOR READING
04tn8354

2 REWUIND AND RELELSED
Ha8 BEEN OUPENED FORREADING ON UNIT

QdtnBESa .

A REwnuUnD AND RELEASED

Hah BEEN OPENED FOR READLNG
0d:08154

2 REWOUMD AND RELEASED
BULVE BY LU DECOMPOSITION,

+1 Anh NEFINE THE SDLUTION
41 Sl VECTNR QUTIPUT

41 SO Y

ME TR -

TIPS, )

IPRIVT= "

fﬂUTA,ﬂUT#NI,!:i,NCHF]g

7071 IS

jore &

074 -
ENTER SUR, ARt
MATRTX LOADED FROM UNIT
NO PARTITIONING RENUIRFD
EXTT pak?Y

ENTER SUn’ TR3P,
FXIT TRiIP

N 10

OUTPUT
SOLUTION TInF ¢(SECT)

SOLUTION VE-TOR ND.

FIGURE 8.1-2 Output for

e

(::fy

HERAGS2
13

FILES,
ée INVE o2

S NG 272 READS anNp
019

SCLN Code for Test Case No.

FIGURES-27

ON UNIT

o

ON UNTT

176

1

SKIpPs

(Conttd)



LU L2 T L L 1 T T T8 Jror TN F sy

FILE 7071,80epNC/LIBS HAS BEEN OPENED FOR HRITING ON UNIT %
CREATION TINME = 07!2217b 11206%23

UNIT NO, 3
COMPONENT NG, | SOLUTTONS,

o ' . 3 . FeO1™ -, S000000F+0
UNIT 3 ENDFILED AND RELEASED :

FILE 7072,50=PNC/LIBS HAS BEEN OPENED FOR WRITING ON UNIT 3
— CRESTION-TINE—® 077228776~ ~f1tpstag——— -~ ——— -~

UNIT NO, 3

" ¥
1 6000000F 01 }7000000F+01 B000000K4014
UNIT 3 ENDFILED AND RELEASED
—FEE— 1073 3 0wpNC LIRS~ HaS BEEﬂ-DPtNEb-fﬂR~w&rfI~ﬁ oN— Uﬁtf 3
CREATION Trmg = 07,22/76 11106324 :

NI YN0 3 -

COMPONENY Nﬁ 3 SOLUTIONSy

+ 90000016401 ,1000000¢ 402 |
—UNIT 3 ENDFILED—&ND—RELEASED — e e e e e

ouUTRUT
~——SOLUTHON—THE—SECS)

—SOLUTTONVEFTORHET—2 o ) ST

—FHE T SR PN L Ty WIS BEENOPEREU FOR WA TING ON—UNTT - 3~
UNIT NO, 3
——COMPONENTNBS _
+2000000E+01 - 49000000E+01 " 6000000E+01 aooooasa+01 L 9999999F:0
UNTT 3 ENDFI;ED AND RELEASED :
2, Stw _ —ONUN Ty

UNIT NO, 3.

: -
1700000402  ,1400000F 402  1600000E4+02

., FIGORE 8.1-2 Output for SCLN Code for Test Case No. 1 (Cont?'d)
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UNTT 3 ENDFILED AND RELEASED _
FILE Fo73, SUaPNCsLTBS HAS BEEN OPENED FOR WRITING ON UMDY 3

“UNTT ND, 3 )
LCOMPONENT NU, 1 - 80LyTtONG,

1000008402 220000005402
UNTY .3 EnptILED AND RELEASED

3 AL bRk,
+1 Stn¥
8§TnP 7717

FIGURE 8.1-2 oOutput for SCLN Code tor Test Case No. 1 {Concluded)

FIGURES-29



TRUE

SAMPLE CASE 2 FOR THE SOLN ¢ODE,

SOLUTION pY DIRELT
HOUSEHOLDER METHOD,
— - BATEHMEDE S ——— e S e
THREE &!RCRAFT COMPONENTS,
CNTL

REAU INFLUENCE sua MATR]X FlLFs
VNRE
oY e
7078
7079
._.___?.B.Bﬁ - — ——
7081 :

7082 ,
—08%- e e

7084

7085

NOT FIT IN CORgp ALL AT ONCfp,
COMB
———REAUCONSTANT- SUBSVECTOR FILES, o
BCRE
708¢
et
7088
SOLYE BY HOUSEMOLDER MﬁTHOn,
T ANDDEFINETRE SOLUTION -
SURsVECTOR OUTPUT FILES,
SoLv

1
7074
7075 .
10T R
0

Tof

ALL DUNE

FIGURE 8.2-1 Input for SOLN Code for Test Case No. 2

REPRODUCIBILITY OF THE

FIGURES-30 NRICEN AT. PACE IS DAND



POTFAN EQUATION SOLVING PROGRAM (SOLN)Y, VERSION 1,1
IR R N R SR S s NN AN ECEE R S I E YO EN S SLEESE

NDYNAMTIL MEMARY o 10000

TIMF = w7 :22216 ttsn?t21

v SaMilg ¢aSE 2 FUR THE SOLN pOng,

+1 RECTANGUL AR MATRIX (17x10)

X SULv T 10N gY DIRECT

] HUUSERO{ NDER METHON,

‘3 Bt H MODE,

+q Ts.REE AIRPeRAFT (OMPONENTS

+r N

N MP e v TYFRATS Iy}

+1 RE ale INFLUENCE SUB-MATRIX FILES,

+#3 VERE

FILE 7077 VMaPNNE HaS HEEN DPENED FURrR REsnING
CREATION tyxEaO7/07/770 84109101

UNLIT 1 REWDUND ARND RELEASED

FILE 7Po78,VieeaPNE HAS REEM QPENED FUR READING
CREATIUN TimEaQ?/07/70 g4s0910d

UNTT 1 REwnUMD AND RELEABED .
FIHE 7079,¥vrmpng HaAS BEEN (PENED FOR READING
CREAYION T1xEx07/07/78& 04109101

UNTT ¢ REwounnD AND RELE&SED

FILE 7080, vhapNE Hah REEN OPENED FOR READING
FREATION T1.FP207/07/776 04309101

HUNTT 3 REWCUND AND RELEASED

File 7Tn¥l,vewPNgE HAS BEEN OPENER FOR READING
CREATION TIrEsQT/07/776 0d30910l

URNIT 1 REweUND AND RELEASED

FILE 7082, ,ViaePNC HAS HEEN OPENED FOR READING
CREATION TIHEeDT/07/76 Y1091t

UNTT { REWOUND ANpD RELEASED

FiLte 7ot vrePhpe HAS dEEN OPENED FOR RESDING
CREATION TinFx07/07/76 - 04109801

UNIT ¢ REWOUND AND RELEASED

FILE 7Tnba,vNePNE HAS HEEN OPENEN FOR READING

CREATIOM TiwFa07/07/76 030910l

N

U

ON

N

N

ity

ON

UNT?Y

HNTT

tnNIT

UNTIT

tnlTt

Unjt

LB B

tNY Y

FIGURE 8.2—2 Output for SCLN Code for Test Case No. 2
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UNIT t REWOUND AND RELEASED
*““*mﬂaﬁ*ﬁtfN“ePtﬂEﬁ“fﬂﬁ~ﬂtxﬁ1ﬁﬁ~ﬁﬁ"uNrr~-
CREATION YIHEsﬁ?/07;?b 04209101
UNIT 1 REWOUND AND RELEASED
T S ARSUME- THAT - THE MATRIX-WiEL -— - - = -~ -1 e
+1 NCT FIT IN CORp aLL AY ONCg'
+4 LOMa .
“‘r?“**‘—“ﬁbxﬁ-tﬁﬂ8*1ﬁ¥*sﬂﬂi¥if¥ﬂR*Fftﬁﬁi ot
4+t RCaE )
Fllg 7088 ,BCePNC HAS BEEN OPENEn FOR REApING ON uuxr 2
—LREAY HON—VInER 0T 2O 4TS 5 Abh ALl 2 '
UNIY 2 REWOUND AND RELEASED

FILE 7087 ,8LuPNC Ha%s BEEN QPENED FGR NEADING ON UNIT 2
- BOBNALL ARLE -

UNLY 2 REWOUND AND RELEABED

FILE 7088,BC.PNC HAS BEEN OPENED FOR READING ON UNIT

TEREATTER TiMER0T0T776 - - -BUtO9T0L Eaia
UN11 2 REWOUND AND RELEASED

+1 SGLVE pY HOUSEHULDER METHOD,
+1 UR«VFCTOR DUTPUT FILES,
#3  SOLY :
—MEFHGE—— ¢ e i e R
P82 n :
IFRINT S n
[ ’ [] ® T
Ity i
7078 o
..._F.._’.o..'r“-_— --.--...i__‘ an e - PR, o ma A e f—r t e
ENTERQ SUB, LART #FRAGS: 22 TNV o1

MATRIX LOADED FROM UNIT 13 USING 22 HEADS AND 176 LS -]

EXIT PaRY

TTENTER-SUR T hOUSE 1 RONS - T TOTUMNE T 2 SOTUTIONS -
EXIT HOUSK :

— Y ~mm -
SOLUTION TIME (8BEL’) ,034

T SOLUTTONTTYME IS M T FOR AL W“' T o

FIGURE 8.2-2 OCutput for SOLN Code for Test Case No. 2 (Cont'd)

_ REPRODUCIBILITY OF THE
FIGURES-32 ORIGINAL PAGE IS POOR



SOLUTINN vEs TR NO,

LA A A A 2 32 2 41 F ¥ F1 131 5 F31 ¥ 7]

FILE 707a,5«PNC/ZLIRS HAS BEEN OPENED FOR WRITING ON UNIT 3%
CREATION TIFF = 07222716 135078y
UNTIT NOD, 3

COMPONENT Nt: 1 SOLUTIONS

+1000000F +01 L2000000F 401 . 3000000E 401 LH00CG00LE 401
UNIT 3 EENF TLED AND KELEASED
FILe To75° SrepNC/LIBS Ha% REFM DPENED FOR WRITING ON UNIT 3
CREATION TImt = 07728470 11s07847

UNTT N, 3% :
COMPONENT NG| ¢ SOLUTTIONSy

¢BN00000F 401 +7000000F+01 [ B000000F+01
UNET % EMDFILED AND RELEASED

FILE 7076, SupPNC/LIBS HAS REEN UPENED FOR WRITING ON UNIT 3%
CREATION Ttk = 07722776 11207848
UNTT NO, 3

COMPONENT NU 3 SOLUYTONS:
R0 00000F 401 10600008 402
UMIT 3 &' pb ILED ANp RELEASED

SOLUTION vi . TNR NO° 2

E L L b b2 LA B 2 e 23 2 3 2 1 5 3 N |

FILE 707u,80=PNC/LTIBS HAS BEEN OPENED FUR WRITING ON UNIT g

UntTt N, 3%
COMPONEFNT NO, 1 SOLUTTONS:
2 2000001E 01 L4000000F ,01 +B000000F .01 »8000001F 401
UNIT 3 E~pFILED AND RELEASED
FILE TJ075 St=PNC/LIBS HAS REEN OPFNED FOR WRITING ON UNIT

Nt NG, 3 - -
TOMPONENT NOU, 7 SOLUTTONS, )
CJ1c00000F +02 2 3400000F +02 ,1600000F 402
UNTIT 3 gwprItEp aNp RELEASED
FILF 7076,8! «PNC/LIBS HAS BEEN OPENED FOR WRITING ON UNIT %

LH99TG99F , 01

,99999995, 01

FIGURE 8.2-2 Output for SCLN Code for Test Case No. 2 (Cont'd)

FIGURES-3%


http:lbOOOOO.02
http:Io0000E.02

UNIT NO, 3
. 8t
| «1H00000£402  ,2000000F402
- UNIT 3 ENDFILED AND RELEASED
———— — AL DONE, - S
: +3 ST0F
8T0P 177

FIGURE B8.2-2 oOutput for SCLN Ccde for Test Case No. 2 {(Councluded)

\\FIGURES-SIL



Tl
SAMFLE (AasE 3 FOR 50LN cODE,
stiLuttox By CRFATING MATRIX
DECUMPOSTTION FILE, READING 1T
HACK 1IN, IHFN PERFORRING FORWAHRP
BLIMINATINN AND BACKRARD
SURSTITUTION RY MULT COMMaND'
BATOLH MeDF
THREF AIRERAFT COMPONENTS
CNT{
3
kEal) INFLUENCE MATRIX FILES,
VYNRE
7050
1080
7081
Ths?
Tahi
1064
7085
TOMeE
TOaRT
SINCE EMTIRE MaTRiy FITS IN CORE,
COME COMMgND 18 NOT NEEDED,
PERFORM MaTRIX DECAMPOSITION, anND
nEkINE THE RECOMPOSITION QUTRPUT
FItt sty YT TERLFE]
INVE
n T09hL H
in
DECUMFOLTTINN MATRIX FORr SAMPLE Cast 3
USEF r0tilp STOP HERE AND PERFQR#M
REMATH NG -COMMANDS LaTEN, nﬂ HE
MAY CuMTINUE,
HE AL EOHSTAMT SUBeVELTOR FILF&
© peErE
S N YY)
TGAT
70t .
READ RFrOMPOSITION MaTRIy FILE
Back IN*
[¥NR
1095
PFRFONM FNRwARD FLIMINATION aMD
BACKwARD SURSTITUTION, AND DEFINE

FIGURE 8.3-1 Input for SCLN Ccde for Test Case Ko. 3

- $EPRODUCIBILITY OF THE
F1GORES-35 ORIGINAL PAGE IS POOR



SOLUTION SUB=VECTOR OUTPUT piLES
MUL T
-__.-.-.m?— mla ot ke et s e et
7078
7079
—+ - kbl BUNE - me— o e o s
SToF

FIGURE 8.3-1 Input for SGLN Code for Test Case No. 3 {Concluded)
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POTEAN EGUATIAN SOLVING PROGRAM (SOLNyY, - VERSION 1,1
L CCEESE g ISR SO E TSR SRS TIT XSRS IRIRNENDET

DYMAMIE MEMOIRY = 10000

tivg = e PP o 4 ft1inB809

48 SaMELE CASFE 4 FOR SOLN CODE,

+t sOLUTTON By CREATING MaTRIX

41 PECUMPASITION FILE, READING 17

41 Batk TN, THEN PFRFORMING FORwWARP

+T . ELIHExATION AND BACKWARD

43 SURSTITUTION HY MULT COMMAND,

vt ByaTCm MODE,

4y TrReE ATRCRAFT (OMPONENTS

+1 CNTL

NeHPs t T1pRAT= )

+2 REgtr TNFLUFNCE MaTaty FILES,

42 VHNRE

FILE 7099 ,ViePNE MAS BEEN OPENED FOR READING
EREATION 1iME20T207276 HEEMER BT

UNIT { REWNUND aAND RE|EASED

FILE 7060,VamPNC HAS BEEN OPENED FOR READING
CrEATTON T1=Ee0? 20?270 ogshEsNYg

UNTT  t HiEWPHND AND RELEASED :

FILE Toel,ViePhC HaAS REEN NPENED FOR READING
CREATION TiMEsSQTZ07/7760 04dTOBINY

UNIT t REWQUND AND RELEASED

FIILF Taop, VvitePNL Had HEEN NPENED FOR READING
CREATION $1Eg0?s07275 4soR1SH

UNTT  t REWGUND aAND RELEASED

FILE 70603 .VNaPNC HAS REEN OPFNED FUR READING
Crtation T1yxEx07207776 0dsnRISY

UNIT | REWOND AND RELEASED )

FILE 7nva,VhePNC HaAS BEEN OPENED FOR READING
CREATTON 1YmEXO?707/70 o43081%4

HNTT | REWMUND AND RELEASED

FILE 708%,VNepPNE MAS BEEN OPENED FOR READING
CrREATION TymEe07/07/70 04108154

UNIT 1 RLWDUND aND RELEASED

(N

ON

N

0N

ON

ON

UN

FIGURE 8.3-2 output for SCLN Coade feor Test Case No.

UNT?

UNTT

UNTT
Nyt
LNET
UNET

UNI?

3

OF THE
FIGURES-37 ?”E?gg?fj,c%ﬂi}ﬁ IR



FILE 7066,VNaPNC - HAS BEEN OPENED FOR READING ON UNIT

13 T

UNIT | REWOUND AND RELEASED

FILE 7067,VNePNC HAS BEEN QPENED FOR READING ON UNIT
—CREATTONTIMEROT 707770 ﬁ#rﬁﬁfﬁﬂ"“““‘"'" IR

UNIT § REWOUND AND RELEASED

(¥ SINCE ENTIRE MATRIX FITS IN CORE.
3 PERFORM MATRIX DECDMPDSITXGN AND
LN OFEF INE THE DECOMPOSITION ﬂUTPU? .
—¥r—FitE ANy IS T TLES : T e T oo
+3 TINVE
METHQDe n NTINVWs 709% 10Cs 1
— Y w7 - . ; T

MATRIX LOADED FROM UNIT 43 USING 22 READS AND 176  SKIPS
NG PARTITIONING REQUIRED
SN VY MOS0

kew  MaTRIX INVERSE DEMANDED

ENTER BUB" trIP, N= 10
FXIT TRIP
T ANVERSTONOR-DEr OMPOSTTION TIME(SEr, Y-~  ~ ,07¢ -
FILE 7095,INePNC/LIBS HaS BEEN OPENED FOR HRI?ING ON UNIT 18
CREATION TIME = 07/22/76 i1108818
~—NH Tt -
(TITLCI) ) Y sNTITL e DECOMPOSITION MATRIX FOR SaMPLE CaSE
UNIT 18 ENpFILED AND RELEASEDp
== USER—COUL DS TOP—HERE - AND-PERF ORM - . e e
*t REMAINING COMMANDS LATER, OR WE, :
'Y May CONYINUE, '
T READ-CONSTANTSUBSYECTORFICES] e
+3 HCRE -
FILg 7068,8CePNC MAS BEEN OPENgp FOR REARDING ON UNIT 2
—ECREATION THHER G770 T 7 76— DU LOBESE—~ — - - - - -
UNIT o REWNDUND AND RELEASBED ‘
FILE 7069,8CePNC HaS BEEN OPENED FOR READING.GN UNIT 2

OHTO8 TSy o
UNIT 2 REWOUND AND RELEASED
FILE 7070,BCePNC HAS BEEN OPENED FOR READING ON UNIT

70— DR TS — e
UNIT 2 REWOUND AND RELEABED .

FIGURE 8.3-2 Output for SCLN Code for Test Case No. 3 (Cont'd)
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+1 READ DECOMPOSITION MATRIX FILE

MACH NO, =2 . 1234
UNIT 4 REWOLUND AND RELEASED

3t PrRrORM FORWARD ELIMINATION aAND
41 BaCXWARD SUBSTTTUYION, AND DEFINE
1 SULUTION SURYFTTOR OUTPUT FTLFS,
+? Miig .
(QUTACTY) 0 lITANT (1), 12 ,NCMPy 2

7077 o

7Hh78 r

7079 ¢

SOLUTION VErTpR NOT

LA LA 2 1 1 4 F ¥ PN PRy oyt s

A | - Ha(® N,
+3  jVNK )
FILE 7095, IneRNE Has BREEN OPENEDN FOR READING ON NIt 4
CREATION 1wk = 07,22/76 1108118 ’

FILE 7077,Su=PNC/LIBS HaS BEEN OPENED FOUR WRITING ON UNIT 3

CREATIn® TIxF = 07422776 1168123

UNTT ND, 3
COMPONENT N, | SOLUTIONS:

J0000008+01 +2000000F+01 30000007301 40000008401 50000005401

UNIT 3 EnDFI|ED AND RELEASED

FILe 7078,S0=PNC/LTB% HAS. BEEN QPENED FOR wRITING ON UNJT 3

CREATIONM TIHE 2 g7/22/776 {1tnRBE24

UNIT NO, % -
COMPORENT NU, - 2 -SULUTTONS

160000005 +01 . 7000000F 401 +B0O00000F 401
UNIT 3 ENDFILFED AND RELEASED

FILE 7079 SUePNC/LTBS HAS REEN OPENED FOR WRITING ON UNIT g

CREATION T3k ® 07222/70 11308124

HNET MO, % - - -
COMPONENT NO, 3 SOLUTTONS,

JF000001F 401 +1000000E402
UNIT 3 ESDFILED AND RELEASED

FIGURE 8.3~2 Output for SCLN Code for Test Case No.

-
L]

FIGURES-39

3 (Cont'd) -



SOLUTION VErTPR NO, 2

- I Il - . o

FILE 7077,80wPNC/LIBS HAS BEEN OPENED FOR WRITING ON UNIT 3
o UNIT NO, 3 , . |
s COMPONENT NO, 1 SOLUTIONS, ) ’ '
z v ; 1= TE00000E VOt T800000TEF 0T ;999999970
= UNIT 3 ENDFI ED AND RELEASED :
& FILE 7078,80ePNC/LIBg HAS HEEN OPENED FOR WRITING ON UNIT %
: L L r R T D TR T AT e
o UNIT NO, 3
COMPONENT NO, 2 SOLUTIONS;
e R GO OO O F O STH00000F 02 - S
‘w. T UNIT 3 ENDFILED AND RELEASED
%%.' FILE 7079,80.PNC/LIBS ~ HaAS BEEN OPENED FOR WRIVING ON UNIT 3
B2 unit wo, 3 -
gg, COMPONENT NO, 3 SOLUTTONS, :
a PO #0255 2000000F 408 T — e
;gw *- UNIT 3 ENptILEpD ANp RELEASED : .
[ep] +} " Al L {)DNE| .
= ‘ __._‘_r_._s_rnp.._.....__.‘.-..__._ o 4 m e —w Do e eam . . - .-
EBO 5ToP 717 ”
2E

FIGURE 8.3-2 oOutput for SCLN Code for Test Case No. 3 (Concluded)

-



LEELTL ) A

SAMPLE (ASE 4 FOR SULN pODE,
SOLYUTio~Y BY ITERATION PROCEDUKE
wITH Ly QFCpMPOSITION OF DIAGONAL
BLOLKS, REapDING 1IN OF ONE DErOMP.
OSFU v TaGonNAL RLNCEK AND A pREa
DETERMINED GUESS AT UNE SOLUTION
SUB®VECIOR, AND SLTIGHT OVER
RELAXATHON,

BATLH MuDE

THREE ATRCRAFT CpoMpoNENTS,

CNTL
1
READ DIAGONaL INFLUBRNCE SUB=2MATRTY
ASSEUCIAtED wlim SECOND ATRERAFY COMPUNENT,
VNRF
7063

PERFOHRM neroMPOSITION O THIS SURLMTRIX
AND STHKES
INVE
Sty 769 ]
47
DECUHPNSTTINAN OF DIAGUNAL SURAMATRTYy
FOR 3teuMp ATRpRAFT CDMPONENT
HSEF rOULD STUP HERE aNp PERFORM
SuUrDECLIENT COMMANDS LATER,
MGW- P TERMINE SOLUTION FOR aLd
THREE ATRCRAFT CNMPOUNENTS
CNTL,
3 i :
. FEAD INFLENCE suUbBeMATRIX FILEq,
AND T+E PRELCOMPUTED AND PRES
RTORED PErORPOSTITION UF ONF OF
THE DIALDNAL SUBLMATRICES,
VNRE
16%9
7060
7061
To82 .
7096 -l
7064
Taeh
1066
7067 .
THE- CiMe cOMManD T8 80T USEFH WITH

FIGURE 8.4-1 1Input for SCLN Ccde for Test Case No. &

FIGUFES-41



THE 1TEKATION PROCEDURE,
© READ CpnMSTANT SUBeVECLTNR FILES,
HERE 5 .
7068
7069
—— m—— ?.ﬁ._?.o.._- e ar e i - o ot i ot e - - - —_— e - - p—
SOLVE DIAGONAL BLOCKS By LU
DECOMPOSITION, DEFINE THE

- L4
PRE=DETERMINED APPRUXIMATE
SOLUTION SURWVECTOR FILES,
o —AMGUNTOF OVERSRELAXATION, aND- -
AMOUNT OF INTERMEDIATE PRINTOUT
SoLv

4] +
7080
7081
———— .._’.ﬁ.,a. e e e el i e — = .
4]
T 707y
Ry,

t,08

FIGURE 8.4-1 Imput for SCLN Code for Test Case No. 4 (Concluded)
L}
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POTEAN EQDATIAN SOy VING PROGRAM (SOLNY, VERSION {1
t:::z:::ts:ttl:::::u:tnz:zaalaazi:s::e:e:z::nzxs:z::::

NYNAMIC MEMORY s 10008

TIMF = U7,22776 1508138
e BaMif{F CASE 4 FORK SOLN ¢ODE
+1 SCLUTTON BY T1TEKATION PROCENDURE
+1 Wit 1 U DECUMPOSTITION OF DIaBOMaL
+1 81 Qekg, Reaplitn IN OF ONE pEChMP.
-4 O5F PIAGDONA]L, BLOCK AND & PPRE,
41 NETERMINED GUESS AT ONE SOLUTTON
+1 SUB=VFPrYOR, aNp SLIGHT OVERa
+1 HELAXATION,
+t B Tih MODE,
41 T.REF ATRCRaFT COMPONENTS
+3  CONTL
NEHP 2 ¢ TTERAT: o
L READL DIAGONAL INFLUENCE SUB MaTRIX
43 ATSCCTATED WITH SECOND ATRCRAFT COMPONENT
4+ VuRE
FILF 100, vhaPhe a5 BEFN OPENED FOR READING ON UNIT
CREATINN TIvkap7,07476 ENLEILY '
UNTT 1 REWNUND AND RELEASED
+3 PERFORM DECOMPOSTTION OF TH1S8 SUB.MaATRyX
+3 D STORE,
+2 Tuye .
Mg THND T 4 RTINVAEZ Tn98 Infs 1
ENTER SUB, FART wFRAGS:= 2 INVE w?
MATRIX LODED FROM UNIT 13 USING 2 READS AND n SKIPS
ND PARTITIO. ING REQUIRFD ,
FXIT pakTY

req  Mpifeix INVERSF DEMANDED

EnTte SURT TRIP, N= 3

FIGUKE 8.4-2 Output for SOLN¥ Code for Test Case No. U

XEPRODUGIBILITY OF THE
FIGURES-L3 ORIGFNAL PAGE IS POOR



INVERSION OR DECOMPOSITION TIME (SEc,) .007
FILE 7096,INaPNC/LIBS  HAS BEEN OPENED FOR WRITING ON UNIT 18
"£RE*%hﬂFTi 1R e —Hros e —— e
NTITL= 17 _ .
(TITLCI) pImiaNTITL v DECOMPDSITION OF DIAGONAL sue <MATHIX
+1 FOR SECOND AIRCRAFT conPONFNT
+1 USER ¢OULD STOP HERE aAND PFRFORM
e SUBSEQUENT COMMANDS L ATERS— - s e =
+3 NUW DETERMINE SOLUTION FOR sbi
*t THREE AJRCRAFT COMPONENTS
N T e s
NCMP =z 3 1YERATe .
+1 READ INFLUENCE SUHeMATRIX FILES,
¥t AND- TR PRESCOMPUTED aND-PREG —— - — -
+1 STORED DECOMPOSITION OF ONE OF
+ THE DIAGONAL SUB-MATRICES,
FILE 7059,yNaPNC Mag BEEN OPENED FOR READING ON yNIt

CREATION TIME®07/,07/76 0408154 -

- —ONET— REWTURD—AND-RELESSED——— - - s e
FILE 7000,VNaPNC HAS BEEN OPENED FOR READING ON UNIT 1
CREATION TIMES07/07/76 0H=08858

FILE 7ob1,VNePNC HA% BEEN OPENED FOR READING ON UNIT g
CREATION TIME=207/07/76 04308154

--%MHmﬂf&mwmbﬂmﬂﬁﬁﬂﬁ&—~-m——m———-"-mw-mwm"-
FILE 70627 VNaPNC HAS BEEN OPENED FOR READING ON UNIT 4
CREATION TIvES07/07/76 0as08154

v

FILE 7096, INePNC ‘HAS BEEN OPEMED FOR READING ON UNIT 4
CREATION TIME & 0T/22/76 11tp8241 .

—UNTT- 4 REWNUND —AND—RELERSED T T T
FILE 7064 YNaPNC Ha8 BREEN OPENED FOR READING ON UNIT ¢
CREATION 71ME=07/07476 oa:osssa

FILE 706%5,VYNePNC HAS BEEN OPENED FOR READING ON UNIY ¢
CREATION TiMER07707/76 04108154

z

FIGURE 8.4-2 Output for SOLN Code for Test Case No. 4 {Cont'd)
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UNIT  REwmiiud gnp REL EASED

FILE 7006,VuwpNg HAS BEEN OPENED FOR READING ON UNTT
CREATION TIME=07/07,76 04808154

UNTIY 1 REWDUND AND RELEASED

FILE 7087,ViaPNE HAS REEN OFENED FOR READING ON UNIT 4
CCREATINN TrEe(7/07278 Od:0R154

HNTY 1 RFWNUND aND RELEASED

+3 ThEg COMR COMMAND 15 NOT LUSFD #TTH

+1 THE ITERATION PROCEDURE,

4t RY ah ¢NNSTANT SUBWLVECTOR FI|ES)

+3 week

FILF TN0R RE=PNE HaS BEEN OPENED FOR REAOING ON UNIT 2
CaFAYINN 1IN 07,0276 odtparSH :
UNTT  p Reunlinh AND RELEASED

FILE 7069 Bl «PNC HaS REEN DPENED FOR READING ON UNIT
CREAT NN t1nEL07/07/76 CERR L ELY
JUNIT 2 REMAUND AND RELEASED .
FILE 7070 ,RCPNE HAS BEEN NPENER FOUR READING ON UNITY 2
CREATITIN-TIF e 0T 207 /T fuin81548
HUNIT 2 REWOYND AND RELEASED

b1 Sr:LVE DIAGONAL Bl OCKS gY LU

X DE cUMPOGITTON, pEF INE tHE

+3 RLLUTION SHkeVECTUR FILES, THE

43 © PRELNEFTERMINED APPRUXIMATE

+1 A@DUNT OF OVEReRpLAXATION, AwD

+1! AGINT OF INTERMEDIATE PRINTOUT,

7 SOu ¥ :
METHOp S

1PS= f

1PRINMY= -

IOUTA'OUTAfJi’IGi'NCHp]:

TORD ~

7081

7082 '

[ INPS, INPUNT ;12 ,NOCHPY

0 ¢
fl "
7073 P

FIGURE 8.4-2 Output for SCLN Code for Test Case No. 4 {Cont'd)
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g
OMEGAZ] 050
ITERPa 5

ENTER SUB" TRIP, Nam 5
FX1T TRlp

—F e T e PR R S RE SR OPERED FORREADING ON-—UNTT—1T
CREATION TIMEg07/22/76 11108341
UNTY 4 REWOUND AND RELEASED
ENTER SU8' TR{P, Ns 2
EXIT TRIP

SO T TON—VEFTOR— NG —— e e

T HHERTH NS OL T T ON P ROCEDTRE IR TERNEDTETE PRINTO T ="~ =~
INITIAL GUESS : o —
"FILE 7068 ,RCePNC HAS BEEN DPENED FOR READING ON UNIT 4
UNIT 4 REWOUND aAND RELEASED
1ﬁTﬁfﬁ—ﬁﬂﬂ—ﬁtrvﬁﬂr1nr1ﬁﬁﬁ"'E“""

UNIT 4 R&wouub AND REj EASED

FILE 7070,RC=PNC HAS REEN oFENEn Fua READING ON UNIT 4

+SED mem— -
INFLUENCE OF UNIFORM AND NONSUNIFORM pﬂgesxﬁeén )
ONER )| -

VS11S3F.08 TS4D1TE408 " T89TAEL08 L 10474E+09 | 13062Fi09

. 1 L o
NUMBER OF ELEMENTSs 5

SOLUTJONS

INFLUENCE OF ATIRCRAFT COMPONENT 1 ON AIRCRaAFY COMPONENTY b

FIGURE 8.4-2 OQutput for SOLN Code for Test Case No. 4 {Cont'd)
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LOL00TE 0R  _26072b 408 ,99609%,07

SINFLUENGE OF UNIFORM AND NOMAUNIFDORM FREESTREAM
AND ROTATION RATE VELTOR ON AIRCRAFT COMPNANEN?Y 4
L 15588 09 17886F+09  199589F 4,09

COMPONENT MMpEgR )

NUMRER F E1 EMENTSe 3

SOLUTTIONS .
L31BBUR 01 T eT366F 40l L 1d6T72Fin2

INFLIENCE 0F ATRCRsFy COMPONENY 1 UM ATRCRAFq COMPONENTY
«3PAQUF 0T  B90AR2FK 06

INFLUENEE NF ATRCRAFT COMPONGNT 2 ON ATRCRAFT  COMPONFNT
LHPO29E or L 3T7210F 408

INFLUENLE OF UNTFORM anND NONJUNTFORM FREFSTRF 4M

AND POYTATINE RATE VECTOR 0% AlRCRAFT COMPONENT 3
19788 07 L 1&TT3F a9
FILE TO74,S0=PNC HAS REEN QPENED pOR READING OW-UNITYT 4
CREATION T1+EXOT /222760 tirantiy
UNTY 4 REwnotnD AND RELEASED
COMPONEMT MirMpFr T
NUMBRFR OF E, EMENTSE 2
SOLUTIONS
LP0000F 01 t0000F+02
1tERrATION v LARGEST pELATIVE EQrips 1H2633TELQD
TTERATTUN ¢ LARGEST RELATIVE ERROR= ;47u581F-01
ITFRAYION %z LARGEST RELATIVE ERROR® J13270UF 01

TTERATIUN 4 LARGEST PELATIVE ERROKg RUTII 0P

ITFRATIUN SOLUTION PRUOCEDURE INTERMEDIATE PRINTOUT

FIGURE H.4-2 Output for SCLN Code for Test Case No. 4 (Cont'd)
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http:247371E.02

TIERATION ST NITH TR ALLUWABLE : o

INFLUENCE OF AIRCRAFY COMPONENT 2 ON AIRCRAFT  COMPONENT
TG 00BSE O 23S TR 0T TS2UBE 0T Z05ESE 06 s U9IIBOELOE — -

INFLUENCE OF AIRCRAFT COMPONENY 3 ON AIRCRAFY  COMPONENT
MR B 5L 3R Ay M L 2 1 E oA P )-¥ 1 N4 1) R ¥ 101140 r S r anmcaiai

COMPONENT NyMRER | : -
NUMBER OF—B{FMENTSY -—~§— - - - mo——o e o o -
SOLUTIONS _ _ .
«10000E501 ,20000F401 ,300008,01 ,40000F401 ,50005F,01

e

P

INFLUENCE OF AIRCRAFT -COMPONENT  ; ON AIRCRAFY  COMPONENT ')
LI35414E,08 T qU793F408  TS5SeT2E.07

INFLUENCE OF ATRCRAFT COMPONEN: 1 ﬂN AIRCRAFT  COMPONENY )
J102126,08 ,27111£408 ,6G020r,08 .

"COMPONFNT NUMRER -]
NUMBER OF FiEMENTSs 3

¢59998F,01  ,T0000F«ni 79999401

: —COMPORENT 3~
17660807 " 46302FE+06

ST INFLUENCE - OF ZIRCRAFT COMPONENT  — 3 On ZTQCRAF T COMPONENT- 5 1
' S788UE, 08 ,24221E,08

;1
NUMBER OF ELEMENTSE ]
SOLUTIONS

T 90000t 100008 %02 B — =
ITERATION & LARGEST RELATIVE ERRORs  ,470922E.03

ITERATION & LARGEST RELATIVE ERRnR= s B21 186l
FILE 7080, ,50.PNC/LIBS HAS BEEN OPENED FOR WRITING ON UNIT 3

FIGURE 8.4-2 oOutput for SOLN Code for Test Case No. 4 (Cont'ad)
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http:O709f2E.03

CREATION vI®E = 07/22/776 11109105
UNTT 3 EMDFTIED AND FELEASED

UNTT NO, 3
COMPONENT m0T 1 SO UTYONS:
«9999999F , 00 1 999999F, 01 2 2999998E, 01 , 3999996F ;01 +5000081F 401
FILr 708t SCePNC/LIRS -~ HaS BEEN OPFNED FOR WRITING ON UNIT 3 .
CREATION TIr*E = a7/22/76 11109806
UNT T T EnDF 1L ED AND RELEASED

UNTT NO 1
COMPUNENT %07 2 SDLUTIONS;
L5909970r 501 T TAD0002F401 T TY999R1r 0]
FILE 7082, 8n«pne/LTIRS MAS BEEN OPENED FUR WRITING ON UNIT %
CRFATION 1T1nE = 07,22/76 1120906
UNIY ¢t FaDETIFD aND RELEASED

UNTY ND, 3
COMPONENT nBT Y SO UTTONS
W 9000007F401 L$000000F 402

MO, NP O ITPRATIONS TO CONVEKGES 6B LARGEST RELATIVE ERROR» CB211BREXQY

SOLUTION vE-ToR NOT 2 . p

LET I PR Y L L e P T LT
TTERATION SOL, TION PROCED(RE INTERMFOIATE PRINTO;T

TNITIat GUE=nS

FILF 7068 ,R0 «PNC MAS REFN OPENED FOR READING ON UNIT g
UNTT g REWPOUMND AND RELEASED
FILE 7p09,BL«PNC Ha8 BEEN DPENED FOR READING ON UNJT g
UNTYT & REWNUND AND RELEASED
FILE 7070,RC=PNC - - Hi8 REFN OPENED FOR REANDING ON UNIT 1

UNTT 4 mbwoinD AND pELEASED
FIGURE 8.4~2 Output for SGLN Code for Test Case No. 4 (Cont'd)
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http:mjllfE.0a
http:9qf0l)00lr.01

SUNTFORN FREESTRERH
AND ROTATION RATE VECTOR ON AIRCRAFT COMPONENT {

«62307E,08  10803E409 L1S7T95EL49 .20947E409 $26123E409
COMPONENT NUMRER = - 1
NUMBER OF Ei{ EMENTS= g

JA99T6EL01 390196401 [ S65BEEL01 TT1460F 401 L 21142F402 .

- INFETENCE—BF TIRCREFY-COMPONENT——~—1 ~ON—FIRCRaFy—— COMPONENT © 2

(12201F,09 ,52144F 408

»19922F ,08

F

AND RGTATTON RATE VECTOR ON AIRCRAFT COMPONENT o

311768109 [ 3S773E4+09 ,39118E409
COMPONENT NUMRER »
NUMBER OF ELEMENTSs 3
L03767E,01 7 13473F402 293441402
—— INFLGENCE—GF- ENT 1~ O£ IRCRAFY ~~COMPONENT — 3
W65TBIF,07  ,{T7816F4+07
RENT—%~
+17386F, 09 ,T4U20E4+08
—INFLUENCE-OF —UNTFORM—ANDNONJUNTFORM FREESTRERM — ——— -~ « = —
AND ROTATION RATE VECTOR ON AIRCRAFT COMPONENT 1
«39496E, 09 " 33546E409

CREATION TIMEG07/22/76
UNTT

11t06124

4 REWOUND AND RELEASED

- -

COMPONENT NUMpER X
NUMBER OF E| EMENTSE’ 2

L18000E,02 7 200008+02

’ 3
FIGURE 8.4-2 Output for SOLN Code for Test Case No. 4 (Cont?d)
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TTFRATIUN
ITERATION
ITFRATIUN

TTERATION

1

i

LARGESTY
{.,ARGEST
LARGES?Y

LARGEST

RELATIVE ERR(ORz
RELATIVE ERRURS
RELATIVE ERROR=

RELATIVE ERRORE

LB2833TF 400
L974581E.01

13270UEL01

L 207379F 02

ITERATION SOLUTION PROCEDURE INTERMEDIATE PRINTOUY

TTERATTUN , WITH 19 ALLOWABLE
INFLUHENCE OF AIRCRART CDOMPONENT 2

LA201 78,07 L47145F;07  L15050F4+08

TRELUENCE Nt ATRORAFT COMPONENT 3
232418 ,04  La192BF+05 L,33B67F,06

COMPANMENT MHMTER q

NUMBFR OF EIEMENTS2 g

SOLUTTONS

,20000F 61 “40000F+01 .60000F:01

INFLLIENCE OF
TOB209¢ 0

AIRCRAFT COMPONFNy t
,299876,08  ,110147,08

INFLUENCE OF ATRCRAFT COMPONENT 2
L2N423F 08 T%4221F+08 T 12804r,409

rOMPONENT NuMuER a

NUMBER UF £1 EMENTS: 3

SOLUTTONS

120006 ,07 ,L14000F¢02  L16000F402

INFLUENLE OF ATRCRAFT COMPONENT f
L39319F .07 92603F+0é

INFLOENCE OF s1RCraAFT COMPONENT o
11877809 4RU43F,08

ONM AIRCRAFT CNMPONENT 1
LA1169: ,08 ,9992{F .08
ON AIRCRAFTY COMPONENT 1
J17340F407 L06016F,07
TBOOOOF+«01  ,10001F402
ON ATRCRAFY COMPNNENT ]
ON ATRCRAFT  COMPONENT s
ON ATRCRAET COMPONENT 3
ON ATRCRAFT COMPONE NT X

FIGURE 8.4-2 Output for SCLN Code for Test (Case No. 4 (Lont'd)
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http:1280tF.09
http:4737,#.02
http:1327OUE.01
http:q74581E.OL

' y : .
NUMBER OF E{EMENTSe 2
SOLUTIONS

— L ] " - ——— - emetimee e———— —— o —— b ——— ——— — —

ITERATION %5 LARGEST RELATIVE ERRORs . L,470922F«03

ITERATION & LARGEST RELATIVE FRRORw® +B211BbFald

FILE 7080,30epNC/L1BS HAS BEEN OPENED FOR WRITING ON UNIT %
‘l'lit ! E';ni‘tl Ea |'[D RE{ t!sEﬁ - r -~ Trm a4 m - - - -
UNIT NO, 3 .
- - l - v - w“‘ ) o - !
220000008301 . 3999999¢ 01 «5999997E, 01 ,7999992F,01 2 1000016F 402
FILE 7081,80«PNC/L1Bs Ha$é REEN OPENED FOR WRITING ON UNIT 3
—UNT Tt ENDFILEDAND RELEASED T
UNTT NO, 3 -
. | T B
21199994, 02 . 1400000F,02 1 S99996E,02
FILE 7082,30«pNC/L1Bs HAS BEEN OPENED FOR WRITING ON UNIT 3
—BN—I—T—;—E&W&EM& —
UNTT NO, 3

: - .! EI ' - ' o -
,1%00001E402 7 2000000F+02

—NO ORI THRATTONG 1O CONVERGES 5 | ARGEgT RECATIVE FRRORE —~ — 821 186£ 404
4! AL DONE, .

+t  SToP . L :
—SToP—TTY - T

r

FIGURE 8.4—2 Output for S50LN Code for Test Case No. 4 {Concluded)
- _s’; )
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http:Q7092ZE.03

TRU
SAMPLE CASE & FOR SOLN ¢OUE,
SttUTias gy A tWG gTEP PROCEDURE,
FIRSY, twn ATRCRAFT COMPUNENTS ARE SplVED
Y DIKELT Ly DECUMPUSITION, TYHEN, THE
INFLUENCE OF & THIRD AIRCRAFT COMPONENT
ON THy FIRSY TWO IS CUMPUYTED Y THE
TTERATION PRUCEDURE, THE DIRErT SOLUTIONS
FOR THE FIRSY twn) sIRCRAFY COMPONENTS ARE USED
AS INIT1ay GUESSES 0O THE THREE rOMPONENT
TTERATTON SOLUTIONT
CHTL
7
REAU INFLUENCF SUB.MATHIX FILES
FOR Trp FIRST a0 aIRCRAF1
rTOMPONERTS
VNRE
1059
7060
7062
Tned
SINCF FRTYRE MaTRIX FITS 1N CORF,
ComB COuMaND IS NOT NEEDED,
REAU COPSTANT SUHLVECTOR FILFS,
BCRE
Thad
7069 -
SOLVE py U hEcﬂMPUSITInM,
AND DrFINE THE SOLUTION
SUkeVECTNR gUTPUT FILES,
soLy -
] n
“TH8d
7084
@
HSEP rOULD STOP HERpE AND PERF(RM
PEMATMING COMMANDS LATER, DR ME
MAY CUNTINUE, . .
“rETERHINE INFLUDENCE nf THIRD
AIRCRAFT COMPUNENT V]a ITERATION
PROCELUNE'
CNTL
3 1
REREAN ALl INFLUENCE SiB-MpIR{Y
FItFs’

£

FIGURE 8.5-1 Input for SCLN Ccde for Test Case No. 5
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VNRE
7059

F. WY

yUy
- 7061
7062
—_T_ﬁ-b‘i_- -— M e e s 4E m mmem e t h —e——
7064
7065
—Hres
7067 .
THE COMs COMMAND MAy NOT BE USED
———— HEHHTHETHERATTON PROCEDURE. —: =
REREAU Ll CONSTANT SUBLVECTOR FILES,

RCRE
——rows
7069
7070
———SOLVE-DIAGONAL BLOCKg BY-ty—- - - o -
DECUMPOSITION, DEFINE THE
SOLUTION SUReVECTOR FILES, THE

SOLUTION SURWVECTOR FILES,

MAXIMUM NUMBER OF ITERATIONS,
———AMOUN - -OF OVERSREL XA T EON,— -~ e

AND AMOUNT oF INTERﬂiblalﬁ

PRINTUUT,
117 4

0 2
108%

R 21117 - e T

7087
0

—1ois

2 Y084

10
i . i_a -———— ey - e m— — e— vame P
0

ALL DUNE’,

“:3+0F*

[T

FIGURE 8.5-1 Input for SOLN Code for Test Case No. 5 (Concluded)
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POTFAN EQUATINN SOLVING PROGRAM ¢SOLN), VERSION §,]
228232ll'llul‘l:lllﬁll!ﬂ:l!ﬂ:lElt::llﬂt:!!ﬂ::l:ltﬂ!éﬂs

DYNAMIC MpMORY » 10000

Fitg- 7099 VHaPNG

HAS REEN OPENED FOR READING

CREATION TI®Ez0T407/706 oUsoFRISy
T UNIT ¢ REWODUND aAND RELEASED

FILE Tnbo,vMePNT

HAS BEEN OPENED FOR READING

CREATION TIMbp07/07/76 odtoR1SU

UNTT ¢ REWnUNMD AND RELEASED

FHF-Tgm2, VHePNC | Ha8 BEEN OPENED FOR REaApING
CREATION T1ME207/07/70 04nRtSa

UNTT 1 REWDUND AND RELEASED .

FILE 7063,¥NePMC HAS BEEN OPENED FOR READING
CREATION [1%Fg07/07/76 04108154

HNIT 1 REwnUND AND RELEASED

v1 - SINCE-ENTIRE MyIRIY FITE IN CORE,

43 COoMs COMMAND I3 NOT NEEDED, .

+1 READ CONSTANTY SUBWVECTOKR FILES,

+1  BeRE

FILg TGba;ﬁr-PN[

HAS BEEN OPgNgn FOR RgapING

FIGURE 8.5-2 Output for SCLN Code for Test Case

FIGURES-55

TiMe = By 22776 113n9t44

+ SaMFLE CASE S FOR SOLN ¢NDE,

s SOLUTION HY A “TWO STEP PROCEDURE,

+1 FIRST TWD AIRCRAFT CcOMPONENTS aRE SOLVED

+1 Uy DIRECT LU DECOMPOSITION, THEN, THE

L S IhEL UENCE OF A TMIRD ATRCRApY COMPONENT

+2 Dr: tHg FIKST TwO IS COMPUTED pY THE

XY TTERATTON PROCEDURE, THE DIREpT SOLUTIONS

LN B FisR Tk FIRST TWn ATRORAFT CORPONENTS aARE USBED
t3 AS TNITTAL GUESSES TO THE THREE rOMPONENT ,
+1 JTFHATION SOLUTION

$7 rNT -

NCMP = 7 I1FRAI: Y]

43 READY INFLHENCE SUBJMATRIX FILES

'Y FiuR TuF FIRST THO AIRCRAFT

+3 cUOMPONENTS

+1  VNRE

DN

ON

0N

N

ON

NU.

UNTT

UNTT

Uniy

UMIT

UNTT



CREATION TIMER07/07/76 04108154
|7
FILE 7069,BCLePNC HAS BEEN OPENED FOR READING. ON UNIT
CREATION TImMEmQT/07/76 oﬂznaisa . :
—HUNT T REWGUND AND RELCEASED - - T T oo T
e SOLVE BY LU DECOMPOSITION, - :
+1 AND DEFINE THE SOLUTION
> itess

#t  SOLY

METHOD= A

—1#8x ) — L -
JPRINTZ A

(OUTA,DUTANT, Jef,NCMP)=

—To8s n v e s
7084 n :
ENTER suB, nART  uFRAGSz 10 INVE o2

—MATRIXLORDED FROMUNTT 17— USING o RERDS™ KND“_“EH‘ 'SKIPS
NO PARTITIONING REQUIRED

EXIT PaRT —— . -
ENTER sUp’ TRIP, N 8

ExIT TRIP e

OUTPUY

SOLUTION TIME (S8ECT) “ 011

SOLUTION vEsTOR NO, 1

TReTeNCENisRas Ve s e teneaw : . : o

FILE 7083,5CePNp/LTBS HAS BEEN OPENEp FOR WRITING ON UNIT 3

UNTT NO, 3 , ,
COMPORENT NG, 80U TTONST ] T o .
110005537401 ,2003342F401  ,3003688F,01  ,3990381E,01  ,4943312E401
UNIT % ENDFILED AND RELEASED :

" 4
CREATION TIME 5 07/22/76 11809158

—UNTT NO, 3 ) - - -
COMPONENT ND, 2 SOLUTIONS

FIGURE 8.5~-2 Output for SOLN Code for Test Case No. 5 {Cont'd)
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+5635605F 404 Lo63BAYRE L0 JI1461401F 402
NIt 8 E~DFILED AND RELEASED

OUTPUT
SOLUTION TIME (8EC) L 003

SOLUTION vE, ToR NO°T 2

(A A2 A L ALY FPY YTy Y Y -y
FILE 7ORY SnePNC/LIBS HaS BEEN OPENED FOR WRITING NN UNIT g

UNTT NO, 3 .
LOMPONENT NN 1 Selufriung. . -
120011077 401 LU006683F 4,08 LO007377E501 (7980762401 1 T8Bb62 35 4 01
UNTT g EXDETILED AND RELEASED
FILE- 7084" SapNE /LIRS Ha3 REEN OPENED FOR #RITING ON-UNET 3

UNTY NO, 3

COMPONERT ki 2 SoLut1ONS - -
111678218402 13277408402 29228038402

UNTT 3 EMDFILED AND RELEASED

+3 USEL eHHLD STOP MERE AND PERFORM

+4 REM: INING fOMMANDS LATER, OR Mg

+3 Mry CONTINUE

T - OF friemInE INFLUENCET GF THERD

+1 ATRLRAFTY COMPONENT VIA ITERATION

+1 Pun-EDURE,

+31 CNTL !
NEMPe 1 TYFRAT= {

¥ REREAD ALL INFLUENca SUBLMATRTX

31 FiLres,

+1  VNRE

FILF 7059,VhaPNC HAS BEEN GPENEn FOR RkADING ON UNIT
CREATION TI¥Em=QT/707710 430”154

UNTT ¢ REWDUNMD AND RELEASED

FILE Yoo0,VN=PNC Ha8 BEEN OPENED FUR READING ON UNJT 4

“CREATTON T ymFx0T 70770 Qs oRySYy -

UNTT { REWHLIND AND RELEASBED

FILE Tokt,VNePNC HaS BEEN OPENED FUR READING ON UNTT ©
CREATION TymEx07/s07776 ods0R1S4

UNIT | RewnunD AND REIEASED

FIGURE §.5-2 Output for SCLN Code for Test Case No. 5 (Cont'd)
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FILE 7062,VNePNC HaS BEEN QPENED FOR READING ON UNIT ¢

D
UNIT | REWOUND AND RELEASED
FILE 7063, VNepPN( HaS BEEN OPENED FOR READING ON UNIT
—CREATTON—TIMESOT70T 76— 04108458 —— — - s
UNIT 1 REWOUND AND RELEASBED
FILE 7064,VNePNC Ha8 BEEN OPENED FOR READING ON UNIT i
LJ e
UNIYT { REWDUND AND RELEASED .
FILE 706%,VNapPNC Ha® BEEN OPENED FOR READING ON UNIT ¢
e 0T AT AT 0408ty e e :
UNIT ¢ R&wnUND AND RELEASED
FILE 7066,VNaPNE MaS BEEN OPENED FOR REaDING ON UNIT $
UNIT | REWOUND AND RELEASED
FILE 7067, ,VNePNL . HaS BEEN OPENED FOR READING ON UNIT. 4

—CREATTON-THHEROTAOTFT6— —OHTO8T St —— — — - -

UNIT
+

——H#

1

REWOUND AND RELEABED
THE COMB COMMAND MAY NOT BE ySED

REREAD ALL CONSTANT SUBLVECTOR FILES)

—FHE— 71008 RCwPNC—— — '“”#K?ﬂﬂﬁmrﬂ*fﬂﬁﬁ"FﬁR‘ﬂﬁﬁbfﬂﬁ'ﬁN“UﬂTT' 2
CREATION TIMEROV/07/76 04308854

WNIT 2 REWOUND aND RELEASED
) g -
CREATION T{ME07/07/76  0Gg0B154a
UNIT 2 REWOUND AND RELEASED
—F 07O RCePNG - HES —BEEN-OPENED FOR READING ON- ﬂN:f -2

CREATION TIMEwDT/07276 04:0R254
UNIT 2 .REWDUND AND RELEASED

L | STy E O AT ONAL BLOCKs8Y L - T e——

*t DECOMPOSITION, DEFINE THF

+3 SOLUTION SURLVECTOR FILES, THE
*—+r~—~~—**Evvt*tﬂﬁfﬂﬁv'*PPﬁﬁ*tﬂth“—*“““f“”——" T e

+1 SOLUTION SUB«VEGCTOR FILES, :

e MiX MM NUMBER OF tTERATIONS,

e A OHNT—OF—OVEReRELAN AT O

+1 AND AMDUNT OF INTERMEDIATE

+4 PR!NTOUTQ

L7 | s_ai.l’l e —rrm————

METHOpSE "

FIGURE 8.5-2 oOutput for SCLN Code for Test Case No. 5 {Cont?d)
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1PS= ?

IPHINIS~ 5 - - -
(OUTA,OUTANT , 15y ,RNCMP )2
708y 1
T08e A
7087 -
(INPS,INPSNT, 121 NCMp Y=
CYO8Y - A -
7084 n
0 &

MAXITiE 1n
OMFGaAxt, 100
TTERP, o

ENTER SUR" TRIP, Ng &
FXIT IRIP

ENTER SUR"T TRiP, Nz 1
FXIT TRIP ’ :
ENTER SURT TRIP, Np 2
EXIT TRIp

SOLUTION-vEr-TOR NOL {0 - - -

T PRI

FILE 7068,HIPNC HAS BEEN OPENED pOR READING ON UNIT 4
UNTIT o REWAUND aAND RELEASED
FILE 7089, .80 «PNC HAS BEEN OPEMED FOR READING ON UNTIT 4
UNTT 4 REwWnUND AND RELEASED

S FHLE 10T, BrLPNG C o - Ha® BEEN QPENED FOR READING ON UNIT g
UNTT o REWIHND AND RELEASED
FILe 7083, 80aPNC HAS BEEN OPENED FOR READING ON UNIT 4
CREATION TIFs07/22/76 1130919%
UNTT 4 REWNUND AND RELEASED
FILE 7084,SUeRNC HaS BEEN OPENED FOR READING ON UNIT 4
CREATTON -TymEely722778 " ~ 11109188 - : SR

UNIT o REWNUND AND RELEASED

ITERATION t LARGEST RELATIVE ERROR® (37624806F 400

FIGURE 8.5-2 Output for SOLN Code for Test Case No. 5 (Cont'd)

‘TBE
_ =pRODUCIBILITY OF
FIGURES-59 %ﬁ (AL, PAGE IS POOR


http:I1lo#.Ap

ITERATION  » LARGEST RELATIVE ERRUR=s s 115208E400

ITERATION 3 LARGEST RELATIVE ERRDRu 23557 4F 01
——ffEﬁt%Tﬁﬂ————n——ttﬂﬁtﬁf*ﬂftﬁffﬂt"gﬂﬂﬂkr"““"73¢3537E302 - o
ITERATION & LARGEST RELAYIVE ERRORa s 122035E003

1TERATION s LARGEST RELATIVE ERRORs 57302004
FILE 7085,50.PNC/LIRS HAS BEEN OPENED rna WRITING ON UNIT 3
—CREATION—TIHE = —— T

d nr/eer e ——
UNTT t ENDFILED AND RELEASED

—UNTT NO - . : v
OMPONENT NO*  f  SOLUTIONS;
: 1oonoaoa+ox " 2000000F + 01 "3000000E+08 | 3999999E,04 ,5000026F 401
ENQPENED FOR WRITIRG ONUNIT—3 — = - T
CREATION T1ME s 07,22/776 f{tio2d?
UNIT % ENDFILED AND RELEASED

UNIT NO, 3
"COMPONENT w0, @ SO UTIONSy
“—————““15*99997ETﬁT"—_—fﬁﬁﬁﬁﬁﬁf—ﬂ1“*‘“ﬁﬁﬂﬂﬁ11?“ﬁ1_'—‘"““"“'—”“‘“““‘
FILE 7087,80«PNC/L 1B HA8 REEN OPENED FOR WRITING ON UNIT 3
CREATION TINME 3 07,22/76 11810848
|2

UNIT NO, 3

——COMPONENT 8O ——3—SOLUTIONST . S
18999994F+01  ,1000000F 402

—NG T OF TR T IONS —TE-CONVERGET 5 LARGES T RECATIVE ERRORT—— S973020Ea00 ~ —

SOLUTION (ErTOR NO| 2

UNIT 4 Rfununn AND RELEASED ‘

FILE 7069,8LePNC HAS BEEN OPENED FOR READING DN UNIT 4
--ﬁNtT——t—Riﬂaﬁno—tﬂv‘ﬂftfist T

FILE 7070,BCePNC HAS BEEN OPENED FOR READING ON UNIT ¢

" FIGURE 8.5-2 Output for SCLN Code for Test Case No. 5 (Cont'd)
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UNTT 4 REWUND AND RELEASED

FILF Tobd, StePNe HaS REEN OPENED FOR REsDING ON tNET 4
CREATINN TInEgQ07/22/76 11309158

UNIT 4 REWOUND AND RELEASED

FILF 7p%4,50wPNG HAS REEN QPENED FOR READING ON UNIT s}
CREATYON TiMERO?/22/76 11109154

UNI? a RtmeND AND RELEASED

ITEphflﬂN { Lansssr RELATIVE ERROR2 W 762868400
TTERATTUN 2 LARGEBT RELAYIVE ERRCR2 2 115208E,00

Irannrruk t LARGEST RELATIVE ERRORse «235574F L0
ITERAT!UN g LARGESY RELATIVE ERROR. e 303637502
TTERATTOM % LARGEST RELATIVE ERRNAY «1220358,03
ITERATIUN LARGEST RELATIVE ERRORy 5730208 L 04 -
FILF FO¥S, sw-chvtxss Ha8 BEEN OpENED FOR WRITING ON UnNIT 3

Unir 3% FNDFILED AND RELEASED

UNIT NN, %
COMPONENT NOO f SULUTIONS|
L2000000E401  ,0000000F401  ,5999999E,01  ,7999999:,01 1000005402
FILE PO8GSwpNEA T HaS REEN OPENED FUOR wRTTING O (NIT 3
UNTT v ESDFILED AND RELEASED

UNTT NO,, %
COMPONENT ~D° 2 S0 UTIONS _
,119G999F,02 14000006402 ,16000028402
FILE-PO08T StUuspNCZLIBS — - Ha8 BEEN OPENED FOR wRITING ON UNIT 3
UNTIT 3 ENDFILFD AND RELEASED

UNTT NO, 3
COMPONENT w0’ 3 SB[U?IGNS:
.1/99909F+02 2000000F+02

NO, OF 1TERATIONS TO CONVERGEs & LARGEST RELATIVFE ERRORs® "573020E-04
+t AL DONE,

¢t STk

STap 7717

FIGURE 8.5-2 output for SCLN Code for Test Case No. b ({Concluded)
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TRUE
SAMPLE CASE o FOR SOLN ¢0DE,
2
THAT a RECTANGULAR MATRIX (17Xig)
I8 SOLyED INSTEAD OF A SOUARE -
T SOCUTTON—AY—TTERAT I EN— e ——
PROCEDURE WITH INVERSE OF DIAGONAL
BLOCKS, READING IN OF ONE INVERSE GF a

o |2}
GUESS AT ONE SOLUTION SUBeVECTOR, AND
SLIGHT DVERLRELAXATION, .
BTN - - e
THREE AIRCRAFT COMPONENTS,
CNTL

1
READ DIAGONAL INFLUENCE SUBeMaATRIX
ASSBOCIATED WITH SECUND AIRCRAFT COMPONENT,
—VNRE— = i
7081 )
PERFBRM INVERSE OF THIS SUBeMATRIX
AN ORE

INVF
1 7097y

INVERSE OoF DIAFUNAL SUSuMATRIX
FOR SECOND AIRCRAFT COMPONENT,

SUBSEQUFNT COMMANDS LATER

NOW DETERMINE SOLUTION FOR
———;~ttt—+ﬁﬁi£—ﬁfﬁeﬁaf%fﬁaﬂpaﬂﬁN%si— - =
CNTL

L] .
———-——ﬂﬁt9—fNPtﬁﬁﬂﬁi‘ﬁﬁﬁ**ﬁ*ﬁii—Pitfﬁ
AND THE PREVIQUSLY COMPUTED' AND
STOREn INVERSE OF ONE OF THE DIAGONAL
———SUBeMrTHICES, e

VNRE [ . .

7077
1o16—
7079
7080

v
7082
7083

—Fod4

wi

i’

FPIGURE 8.6-1 Input for SOQLN Code for Test case No. 6
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7085
THE COML COMMAND |5 NOT
;EEDISEthfﬂN-Pﬁaegbnnf‘USED i

aD ¢ansranT R :
BCRE ANIYANT SUBWVECTAR FILES

7086

7087

7088

T ROMPUTE INVERSE OF DYatinNg
HOUSEHOLDER PROCEDURE, Deéfwit?ﬁis Y
~ SpLUTION SUneVECTOR FLLES, THg

- PRE®DETERMINED APPROXIMATE Sl UTTON

SUB«VECIOP FILES, aMOUNT OF
OVER=KE) AXATTON, AND AMOUNT nF
j~“~*vf~¥éﬁﬁtﬁiwfﬁ PRiNTnir
SOLV *
1 f
- ~¥988 - -
7089
709

ALL DODNE .

FIGURE 8.6-1 Input for SCLN Code for Test Case No. 6 {Concluded)
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POTFAN EQUATION SOLVING PROGRAM ¢SOLN), VERSION 1. 1
lll!l!llllll!l8!88"!!3!!!!!!883888!!8lltlliillallll

DYNAMIC MEMORY ¢ 10000

—HIME 0T RIS ‘ o
1 SAMPLE CASE. & FOR SOLN ¢ODE, ‘
T SIMILAR TO-gAMPLE - CARE 4, EXCEPY T oo
+1 THAT A RECTANGULAR MATREIX ¢(17%i0}
*3 18 SOLVED INSTEAD OF A SQUARE
A YR AT T OR— —
*1 PROAEDURE WITH INVERSE OF DIAGONAL
.43 BLOCKS, READING IN OF ONE INVERSE OF A
DA ONAL B OCK—AND A PRE-DETERMINED——— — —— -~~~
+1 - GUESS AT ONE SOLUTION SUBeVECTOR, AND
+ SLIGHT GVERuRELAXATION -
—F T BT tCRMObE; -
*1 THREE AIRCRAFT COMPONENTS,
: +1 ONTL
M P— e e
+8 READ otAGUNAL INFLUENCE 3UBL.MATRIYX
4+ ASSﬂcxntED WITH SEROND ATRgRAFT pOMRONENT,
FILE 7o8i'v~.PNc HAS BEEN OPENED FOR READING ON UNIT
CREATION TIMEROY/07/76 04109301
—UNIT 1 RENOURD aND RELEZSED ) e o
T PERFORM INVERSE OF THIS 8S8UBaMATRIX =
*t AnD STORE,

METHNOD® 1 NYINvHa 7997 1DCe 0
" ENTER 8UB, PART 4FRAGER INVe o ‘
3 Ox USING 2 READS AND ~ ¢ 8KIPS
NO PARTITIONING RENUIRED - .
EXIT paRT

“asn ' MATRIX INVERSE DEMANDED

TTENTERSUR. HREC, 6 ROWS 3 COLUMRS,  MATRIX ONUNTT 11 -
EXIT WREg” INVERSE ON UNIT g

a
12
Ed

FIGURE 8.6~2 oOutput for SOLN Code for Test Case No. 6
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INVERSION UR DECOMPOSITION TIME ¢SEC,) . 145

FILE TO9F, INGPNCZLTHS HAS BEEN OPENED FUR WRITING ON UNIT (¥
CREATION YT1uE o 07,22/76 1irt13q2 ’

NTITi 2 17

(TITL (D), tmt ,NTITL INVERSE OF DIAGONAL BUBGMaYIRIX

UNTTY ¢8 ENDFULED AND RELEASED

N FI'UR SECOND AIRCRAFT COMPONENT,

*y HEgEr - pBULD STHP HERE sND PERPFORM

‘1 SURSERUENT OMMANDS (ATEW

+4 NOW PETERMINE SOLUTION FOR

+1 ALL THREE AYRCRAFT COMPONENTS

+31  ONTL

NCMPe T ITERAT: {

* READ TNPLUENCE SUB.MATRIX PILESN

‘1 ALD TuF PREVIDUSLY COMPUTED aND

’y STOKED INVERSE OF ONE OF THE DTaAGONAL

4y SU'B.MATRICES,

+1  VnRE

FILE Y077,V™ePN[ HAS REEN OPENED FOR READING ON UNIT

tREATION 11-FuQT7/707/70 08109301

UNIT ¢t REWOUND AND RELEASED

FILE 7078,VhapPNC HAS BEEN OPFNED FOR READING ON UNIT 4
CREATION 1ImEg0yv/07/7706 Nd309:1n}

UNIT { REWHUND AND RELEASED

FILE TnT19,VNePNC HaS REEN OPENED FOR READING UN UNIT 4
EREATIAN FyMFyp07/077786 ousnont :

UNTT ¢ REWOUND AND RELEASED

FILF 7080,VNepPNC HAS REEN DPENED FOR READING ON UNIT |
CREATION TIMEQ0?/07/76 04109301 '

UNIT { REWOUND AND RELEASED

FILF 7097 .INePNC HAS REEN DPENED FOR READING ON UNIT 4

EREATION TymE 3-07/22/76 1irtsste -
UNTT o4 REWOUND AND RELEASED

FILE 7062,VNaPNC HaAS BEEN OPENED FOR READING NN UNIT
CREATION TIMBNOT/07/76 0430%9tnt

UNTT | REWOUND AND RELEASED

FILE 7n83,VNePNC Ha$ BEEN OPENEN FOR READING ON UNIT 4

ERFATION TroEgld?70Y/770 ouroeent

UNTIT § REWNUND aND REpEASED

FILe 7084, VNaPNC HAS REEN OPENED FOR READING 0ON UNIT g
CREATION tI™EgqY,s07/70 64109101

UNIT ¢ RFWOUND AND RELEASED

FIGURE 8.6-2 Output for SCLN Ccde for Test Case No. b (Contld)
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FILE 7065,VNePNG HA8 BEEN GPENED FOR READING ON UNIT {

? LE/R

UNIT 1 REWOUND AND RELEASED '

*1 YHE COMB COMMAND 1S NOT USED WITH

1 THE T TERATION- ; R ST
+ READ CONSTANT SUBoVECTOR FILES

+1  BCRE

L}

CREATION TIMEs07/07/7¢6 04109201

UNIT 2 REWOLIND AND RELEASED

T FILE 08T REWPNE——— —HaSBEEN-OPENED FOR REXDING-ONUNIT 2

CREATION TInLEn07/07/76 04:09:01

UNIT 2 REHDUND AND RELEASED
nns-ﬁEtN“ﬁPtNtﬁ-#ﬁﬂ—ﬂttﬁfﬂﬁ“ﬂﬂ“ﬁﬁf*"“z

CREATION YyME:O?IO?I?é 04309101

UNIT 2 REWOUND AND RELEASED :

T T COMPUTE TNVERSE - OF DIAGONALBLOCKS BY —— - - -

+t HOUSEHOLDER PROCEDURE, pEFINE THE
+t snLurznn SUReVECTOR FILES, THF
+1 SUB.VECTOR FILES, AMODUNT Of
+1 OVER=RELAXATION, AND AMOUNT OF
e INTRERMEDTATE PRINTOUTT——— - e e
4t SOLV
METHODS \
—iPEw- | o

IPRINTS a _
(OUTA,OUTANY, fay,NEMP Y& -
—~-—1088 " - s e

7089 n
7090 i
’ LR ] 7 T
0 f
0 0 o _
—_ _?.e_ﬁ_ p — g m—— - A smmmrmae L ae—e p—
MAXITis in
OMEGA®) ,0%0

—1TERPx %
ke MATRIX INVERSE DEMANDED

ENTER 8UB" MREC), ¥ ROWS 5 COLUMNS,  MATRIX ON UNJT 12
FIGURE 8.6—2 Output for SOLN Code for Test Case No. 6 (Cont?d)
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EXIT HREr vasnss o~ UNIT 12

$UB, ATR TRANSPDSED A T=BYw 5 MATR]X

FILE 7097.IN-ch HAS BEEN OpgENED FUR READING ON UNTIT
CREATION 1ImEg02,22/76 1113112

UNIT 4 REWNUMD ANp RELEASEp

UG, ATR-TRINSPOSED & ©  oeBYs 3 MATRIX
*k+  MAIRTX INVERSE DEMANDED

ENYEQ sUR’ nREC, 4 pOws ? COLUMNS,  MaTpiX ON UNIT 11
EXIT HREC’ INVENSE ON UNIT 12

SUB, ATk TR,NSFOSEN 4 dupYw 2 MATRIX

SOLUTION VE,TOR NOT |
—m‘-m'."i“-“f"' T -

ITERATION SULUTIUN. PROCEDURE INTERMEDIATE PRINTOUY
INTTIAL GUE<S

FILE 108s Rt ePNE -~ - HnS‘BEEN OPENED -FOR READING ON UNETY
UNIT 4 REHnUND AND RELEASED

FILE 7087 ,68C=PNC - HAS REEN OPENED FOR READING ON UNIT
UNTT o REWOUND AND RE{ EASED

FILE 7088 ,R{L«PNC HAS REEN DPENED FOR READING OGN UNIJT
UNIT a RtHnUND ANQ R&LEASED

INFLU;NCE OF UNIFOURM AND NON-UNIFURM FREESTRFAM

AND ROTATION RATE VECTOR ON AIRCRAFT COMPONENT !

JIB837F 10 L 235%6E410  ,294693F,10 38984F 10 L429397,10
COMPONENT NUMpER "3
TNUMBER UF-#rEMENTSY - §— - Temmmnees s o -
SOLUTIDNS

W10IBIE 01 JIRS22F4+01  (32019F,01 L247S§F401 L11417F,02

INFLUENCE OF AIRCRAFY COMPONENT 1 ON AIRCRAFY COMPONENT

i

a

3

a4

4

(45640F 10

2

FIGURE 8.6-2 OQutput for SCLN Code for Test Case No. 6 (Conttd)
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1 31995E410 L 19929E410  L12011E410 ,69707E409 ,38721F,09 ,20430£,409

INFLUENCE OF UNIFORM AND NONeUNIFORM §REESTREAM
AND ROTATION RATE VECTOR ON AIRCRAFT COMPONENT 2
SO0 SEBOOEFTO —r b0 TR 0SS T AT E 0 64 TS2F 0 ,6199?E¢10

COMPONENT NUMRER ? \ :
3 e -

30LUTIONS ‘
125062E,01  [SBATTELQL [, 14991E402

INFLUENCE OF AIRCRAFT COMPONENT § ON AIRCRAFf  COMPONENY 3
J10139E,09 46T{2E,08 [ {9637E,08 733235407 ‘

INFLUENCE OF AJRCRAFT COMPONENT © 5 ON AIRCRAFT  COMPOMENTY 3
35849710 ,22140F+10 ,13208p410 DAALARI 2804

INFLUENCE DF UNIFORM AND NONQUNIFORM FREESTREAM
AND ROYATION RATE VECTOR N AIRCHAFY EﬂMPUNENT 3

. ¥ r LA T4 1Y :
Fillg 70?3,80-PNC Has BEEN OPEREN FOR REApDING ON UNIT 4
CREATION TimEeOY/sR22/76 fito06824
UNEF 4 REWOUNO—AND—RELERSED ——————— ————————~

COMPONENT NUMBER % 2 ‘
NUNBER—EOF—E L EMENTEY r T
SOLUTIONS

900008¢01 L10000E+08

ItERATIUN t LARGEST RELATIVE ERRORe ,ﬁ78b505¢00
11fﬂIfTﬂﬂ—““*7“"tIRG!ﬁ?—ﬂEtTTT#t"tﬂﬂﬁfw“"—"TTwﬁfiitTvn“;““”"‘“““‘
ITERATION 3 LARGEST RELATIVE ERRORs (520144801

ITERATIUN 4 LARGEET RELATIVE ERROR® «18UQ26ELDY

1¥?ﬂtf19ﬂ—3vtUftﬁﬂ—PﬂﬁtEOﬁﬁt*TﬁftﬂﬁtﬁTITE“?RT“TUﬁT“""“ -
ITERATION & WITH 16  ALLOWABLE '

INFLUENCE OF AIRCRAFT COUMPONENT 2 ON AIRCRAFY COMPONENT 1

FIGORE 8.6-2 oOutput for S0LN Code for Test Case No. 6 (Cont?d)
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SﬂabbEsON «11884E,09 ,22641E409
INFLUEN[E nF ATRCRAFY COMPONENT 1
J52388K,0% 313235406 131718407

COMPONENT NuMpEwR { '

NUMRER UF ELEﬁENTSI 5

SOLUTIONS : - .
L0000k (01 L19998F,01 ,30004E,01

INFLUENLE OF AIRCRFT COMPONENT
JIBIZEE (10 T (1290F+10 T 66956F .09

CINFLUENLE - OF A TRERIFT COMPONENT - 3
LJIUGH3E, 09 T 2BOYUAE .09 T S2925F,09

COMPONFNT NiiMpEg 2
NUMBER OF Fi FMENTSs 3
SOLUTTONS
WHONRE. Ot TOOtTFs0l [ TIRAE,

INFLUENCE NF AI1pCraFT COMPONENT
JORISRE 08 23448F .08 95997E,07

LU23LUEL09 L, TSS21EL,09 L 12927E.10 21347

ON AIRCRAFT COMPONENY
LU3967F .07 L 124428,08 | 31062k,08 ,702use

f39979FL01 ,S50104F,01

UM AYRCRAFT COMPONENTY ? .
L381B0EL09 L 20804F 4,09 T 310750F,07

ON AIRCRaAFT COMPONENT 4 )
L98262F409  L1STTTE 10 25798410

ON ATRCHAFT  COMPONENT 3
JSHGL0F 407 —

INFLUENCE OF JIRCRAFT COUMPONENT 2 ON AIRCRAFT COMPONENT 3
I te L tet82ret0  BI2RTE 09 Sun8 TSP 09

FOMPONENT NUMRER 1

NUMBER UF Et EMENTSK 2

SOLUTYONS
9000“E¢01 9#!19!#01

IThpAT!UN s LApGESTY nELATIvt Epnﬂp- §29120E-02

ITERATION s LARGESY RELATIVE ERRORw p149742F 02

!T&HAfIUN 7 LARGEST RELATIVE ERRORI 0109!3E-03

o pem— et e i et = [

TTERATIUN R LARGEST RELATVIVE ERRORs .IITBObE-OS

ITERATIUN a LARSEST RELATIVE ERRORY 32014 TF L0
FILE 7068 SUePNC/LINS HAS BEEN OPENED FOR WRITING ON UNIT 3

FIGUKE B8.6~2 OQutput for SCLN Code for Test Case No. b (Cont'd)
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CREATION TIME » 07,22/76 1111445 i

9 ¥4 -

UNIT ND, 3
~ COMPENENT 507 —— UT1ONST _ . e -

1000000E+01 71999999401 % 3000002E:01  .3999987E,01 50000625401
FILE 7089,80~pPNC/L IBS HaS BEEN OPENED FOR WRITING ON UNIT 3

[4
UNIT 3 ENDFI|ED AnD RELEASED

UNTTNO, Y e e s e
COMPONENT w0 2 SOLUTIONS; _
v 5996966k 301 W T000009F .01 0 1999996E 401
FHE O St PR AL T A S BEFN OPENED PUR WRITIRGON—URET——3 - SR
CREATION TIME » 07,22/76 11334853
UNIT 3 ENDFILED AND RELEASED

UNIT NO, 3
COMPONENT NOT 3 SOLUTIONS o
' . +01 - T

NO, OF ITERATIONS TO CONVERGESs 9 LARGEST RELATYIVE ERROR= “326147EL04

~SOLUTIONGErtOR—NET—2 : s e T

Yoesransetoese®e _aSuew

“HTERSTTON- SOLUTTON PROCEDURE INTERMEDIRTE PRINTOUT— =~ —— - - - - -
INITIAL GUE3S

FILE 7086,R8C=pNE HAS BEEN OPENED FOR READING ON UNIT ¢
UNIT 4 REWOUND AND RELEABED

FHE 7o T BCePNe————Hi S BEEN OPENED FOR READING ONUNTF 7
UNIT 4 REWCUND AND RE| EABED .
FILE 7088, BCPNC HAS BEEN OPENED FOR READING ON UNIT 4
I REWTURO—ARDRECEASED

INFLUENCE OF UNIFORM AND NONoUNIFORM FREESTRE M

J91380E,10 ,10227E+!

AN ROTATION RATE VEC L1
r «33673E,10  LUT091E410 ,59387E,10 .71888E.10 ,85877EL10

"FIGURE 8.6-2 Output for SOLN Code for Test Case No. 6 (Cont'ad)
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COMPONENT NuMpER {
- NUMBER OF ELEMENTSXY - 5
SOLUTIONS

#20379F, 01  ,37044F+01 ,6403BF,01 ,49502E4+0%

INFLUENCE OF ATRCRAFT COMPONENT | On AIRCRAFT
,63991F , 10  ,398SHE,10 L,20023E,10 ,13941F410

INFLUENCE OF 1INTFORM 4ND NONAUNIFORM FREESTREAM

1 22833F,0¢2

COMPONENTY 2
JT7441F 09  L40B60F 09

AND ROTAT:Or RATE VECTOR ON AIRCRAFT COMPONEMT ?

LI0B1IF 11 113608413 ,12143F,11  L12249E,11  (12950F.11  ,12798F, 11
COMPONENT NUMFR > :
NURBRER UF F EmENTST - %

SOLUTIONS

+S50423F,01  L11695F+02 299825407
INFLUENCE 0F ATRCRAFT COMPONENT { DN AIRCRAFY  CODHPONENT 3

L2027TE .01 93023€+08 T39253F,08 L, 14665F,08
INFLLENCE OF AIRCRaFT COMPONENY 7 ON alRCRaF¢ COMPONENT §

ZT1697E 00 L Ud2T9F 4,10 _26415F 410 L15142F+t0
INFLUENCE OF UNTFORM aAND NONLUNIFORM FREESTREAM
AND ROTATION RATE VECTOR ON AIRCRAFT COMPONENY 3

we g $29RFEVET T TRORE ST 1 TSAZESTE ITTOSE+IT
FILE 7073,SnePNC wAS BEEN OPENED FOR READINn ON u~1T 4
CREATION Ti#ts07/22/7¢ 1itaet24
UNIT 7 RrEWNUNRD AND RELEASED
COMPONENY NUMRER 3
NUMRFR UF F FNERTSY — -2 T
SOLUTIOhS

LIBO0UF 02 20000€408

TTERATIUN { LARGESY RELATIVE gRROR2 WOTREROE 00

TIFRATEON — - - LARGEST REUATIVE ERRORY ~
ITERATIUN § LARGESY RELATIVE ERRORm

ITERAYION 4 LARGEST RELAYIVE ERRORs

FIGURE 8.6—2 Output for SCL¥ Code for Test Case No.
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195 333F4 00
,620144E w0

184026Ea01

6 (Contt'd)


http:84026E.O1
http:2OOOOE.O2

ITERATION SOLUTION PROCEDURE INTERMEDIATE PRINTOUT
ITERATION § WITH 1o ALLOWABLE

INFLUENCE BF X IRERAFT COMPONENT 7 ON—XAIRCRAFT-~ COMPONENT- - - -
10853E,09 ,2290BE409 ,4S2B3E,00 ,BU6BBELD9 ,15104E410 ,2585UE.10 ,82698E410

LAOATBE 06 7 0264TE406 "26341E,0T7 ,87933E407 T 2UBBAREL08 "62124r,08 L {4049E,0

. . > o . e .
NUMBER OF ELEMENTS® 5

SOLUTIONS

T2t etETo T 3999 eEwo Yoot tFor TV SEE T — 1o RTER oS T

INFLUENCE OF ATRCRAFY COMPONENT { ON AIRCRAFT  COMPONENY 2
— St IEBETH0— 22S T T IV E S 10 S TEISOE 09 U tH09E ;09 21 UI9E 09

COMPONENT

INFLUENCE Of ATRCRAFT COMPONENT % ON AIRCRARY

[) + [) 1

COMPONENT NUMpER P}
~NUMBER—OFETEMENTST % e e
SOLUTYONS _

J11988E 02 L 14003E¢02 | 15998E 02

INFLUENCE OF AIRCraFY COMPONENTY 1 DN AInCpafy COMPONENT 3
o10430E,09 ,46B895p,08 L19199p,08 ,69820F407

INFLUENCE OF AIRCRAFT COMPONENT  » ON AIRCRAFT  GOMPONENT 3
(46639E,10 L 28364Fe¢10 [ 16645E410 ,9375TE409

COMPONENT NyuMpFg 3
NUMBER -OF ELEMENTSz2 2
SOLUTONS

;18001F¢02 ;20000E+02 ' -
S TERATION 5 LARGES T RECATIVE ERROMN — 929 TR0 =02 : —

TTERATION & LARGEST RELATIVE ERRDORg 149702F 02

1TERAYIOUN 7 LARGEST RELATIVE ERRORe 12199136403

FIGURE 8.6-2 oOutput for SCLN Code for Test Case No. 6 (Cont'd)

o

FIGURES-72



4004 1 ZOV4 TVNBRD
gHT A0 AITTIEI0NAOYIHES

c/l-S5HUNOI L

ITFRITIUN & 1APGEST RELATIVE ERROR#

. #117206F03

IrfkatIUN 9 LARGEST RELATIVE ERRORe 32614TF a0y

FILE 7068, ,80«PNC/LTHS Has BEEN OPENED FOR WRITING ON UNIT 3
UNTY - 3 EnNDFILED AND RELEASED

UNTT NO, 3

T COMPONENt mOf- g SuL Ut rons,

20000008 401 © 3999999¢ 99 boooooas+oi 79999755401
FILE 7089,80epne/t 184 HAS BEEN QPENED FOR WRITING ON UNIT
UNTT 4 ENDFILFH ANDY RELEASED

UNIT NO, 3
- COMPINENT 107 - 2 --SOLUTTONS -
11190953402 14000026402 1599999 ;02

FILE 7090,S0=PNC/LIBS HAS BREEN ORPENED FOR WRITING ON UNIT 3
UNTT Fhﬂklitb AHD RELEASED

UNIT ND, 3

T UCOMPONENT-NOT -8 -SOpUTTONS

v1700000F 402 © ,2000000F 402

NO, OF I1TER:;TIONS TO COMVERGE: 3 LARGESY RELATIVE ERRUR=m
+3 ALL DONE,
+1 STpP

- StnP 717 SR

FIGURE 8.6-2 Output for SCLN Code for Test Case No.

1000013402

' 32614TE 04

& {Concluded)


http:BZ6147F.04

TRUE
SAMPLE CASE 7 FOR SOLN CODE,

THAT A RECTANGULAR MATRIX (17!10) 15

SOLVED INSTEAD OF A SQUARE MATRIX (10%10),
—STEP—PROCEDUREL—— —

FIRSY, TWD AIRCRAFT COMPONENTS aRE SOLVED

BY DIRECT HOUSEHQLDER PRNCEDURE, THEN, THE

ON THE FIRST TWO 1S cOMPUTED BY THE
ITERATION PROCEDURE, THE DIRECT SOLUTIONS
—— FOR-THE T IRET IR0 A IRCRAF T COMPONENTS ZRE-USED—
AS INITIAL GUESSES TO THE THREE COMPONENT
ITERATION SOLUTION,

T

?
READ INFLUENCE SUBLMATRIYX FILES

————“——Fﬁﬁ‘fﬂt—FT?sf—Tﬂﬁ*IfRﬁﬁKPT“—‘“"“ Tmmmm s s s e
COMPONENTS
VNRE : .
TOrY
7078
1080
—18t ——— -
SINCE ENTIRE MaTRIX FITS IN LORE,
COMEB COMMAND I8 NOT NEEDED

[ ]
BCRE
7086 _
— 1987 el
SOLVE 8y HOUSEHCGLDER PROCEDURE,
- AND DEFINE THE SQLUTION -
SuRvVECTeR—OU TP Igteﬁi
SOLY
} )
— % - - -
7092
0

Opm
REMAINING COMMANDS LATER, OR HE
May CON?INUE,
CHENCE OF THIRY -

AIRCRAFT COMPONENT YIa ITERATION
PROCEDURE

—eNTL
FIGURE 8.7-1 Input for SOLN Ccde for Test Case No. 7
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3 ¥ )
REREAL <L INFLUENCE SUBLMaATRIX
B B £ e -
VNRE
7017
78
7079
1080
- - Fo&t -
T082
THB3
T084
708%
- THE COME COMMAND HMay NOT 8F USED
S WETH FE- PTERATION PROCEDURE
) REREAI} a1y CONSTaANY SUEAVECTOR Flits

4

RCRE
7084
7087
7088
- HBLYE Dlaniinal BLOCKg ¥
HOUSEROLDER PROGEDURE, DEFINE THE
50LYT10 SURVECTOR FILES, 1Hp
PRE=DE TERMINED APPROYIMAYE
SOLUT10n SUReVELTOR FILES,
MAX MM NUMRER OF T1FRATIONS,
o AMEUNT. OF OVER=RELAXATION,
AND AMOLNT OF INTERMEDIATE
PRINTRYT,
St v
{ b
7093
SERRE Sia sa -
7095
0
t 709t
£ 7092
10
. ....!.._.iﬁ,_....- - v —— -
0

ALL DONE
S§T0P

FIGURE 8.7-1 Input for SCLN Code for Test Case Wo. 7 {Concluaed)
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POTFAN EGUATION SOLVING PROGRAM (SOLNj), VERSION 1,1
EERRRNASESNSORURENENE NN RO SR A LONUSNLSASERENINENENY |

DYNAMIC MEMORY s 10000 : , ’

MM 0T — ettt
43 SMPLE cASE 7 FOR SOLN ¢ODE’ ' _
—+ 1 SR TO g AMPLE CARE & EXCEPT. o s e —oe o
4 THAT & RECTANGULAR MATREX (17X10) 1§ ’
+8 SOLVED INSTEAD OF A SQUARE MATRIX (10X10),
+1 FIRSY, TWO AIRCRApPT COMPONENTS ARE SOLVED
+3 BY DIRECT MOUSEHOLDER PROEQURE, THEN, TME
T INFLHENCE OF A THIRD—ATRCRAF T COMPONENT - -
+t OM TMg FIRST TWO IS cOMPUTER nY THE
+3 ITERATION PROCEDURE, THE DIREFT SOLUTIONS
HEORENTS Rt —USED - -
+1 AS INITIAL GUESSES TO THE THREE pOMPONENT
Y - iITEﬂATION SOLUTION,
3 LN - - = = - s -
NCMPE ? ITERATa 8
+3 RFAD INFLUENCE SUBaMATRIX FILES
RET
41 COMPONENTS,,
*+] .VNRE
—FILETOT T VNePNE— — - —HAS BEEN OPERED FOR REXDING ON—UNIT 1
CREATION TIMFe0Y/07/76 04109504
UNIT 1 REWOUND AND RELEASED ‘
INGONUNE T —T

CREATYON ?IMEc07/0711b OGSOQSO!
UNIT { RFWDUND AND RELEASED

—————Hx S BEEN OPENED FOR READING ON-UNTT - 4

CREATION 1[HE¢07I07!76 0410950]
UNIT ¢ REWOUND AND RELEASED S

5 T

CREATION TIME207107/76 04209101
UNIT { REWOUND AND RELEASED

o COMB COMMAND 18 NOT MggDgDd,

PIGURE 8.7-2 oOutput for SOLN Code for Test Case No. 7
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——— -

+1 READ CONSTANT SUP-VEFTOR FILES,

- &1 HERE o - o -

FiLg 7086 ,8C=PNC HAS REEN OPgNEn FOR READINF ON UNIT 2
_ CREATION TIMER07/07/76 04309801

UNTT  » REWDUND AND RELEASED

FILE 7087 ,RCaPNC HaS REEN OPENED FOR READING ON UNIT »

CREATION T1HERQY/07/76 0410901
UNTT - & RERDHND AN RELEASED

+3 SOLLE RY HOUSEWHDLODFER RROFEDURE,
+1 AFD DEFIME THE SOLUTION
*l SURWVFOTOR DUTPUT FILES,
3 SML v
ME THODS® ‘
- 1PSy e}

IPRINT: ~
(OUTA DUTANT fsg,NCMP )9

7091¢ r
7092 “
ENTER 8SUB, wart «FRAGS: {D INVE i

MATAETY LOMFD FROMUNTT 13 USING I8 REEDS ANDS in SKIPS
ND .PARTITIONING REOQUIRED
FXTY pakT

ENTER SUR™T =OUISE, 1t ROWS B cOLUMNS 2 SOLUTIONS
FXIT Hnuqt

NUTPIT :
SOLUTION t1xF (SEC) L028

ase  gOLUTION TIME 1S THAT FOR ALL 8OLUTIONS

SOLUT{HN VErIOR (X] s M|

U acrueSNewy -.'O‘-.--G

FILE 7091, ,S0e«pPNC/L1BS HaS BEEN OPENED FOR WRITING ON UNEY 3%

CREATInh TTMF = n?léél?b fis1634y
UNIT NO, 3
COMPONENT NO | 1 SOLUTIONSq

J99RLAE2F400  L2007925E401 L 298484SEs01  L40T1823F401 4751636701
UNIT 3 EwDFILED AND WELEASED

FIGURE B.7-2 Output for SCLN Code tor Test Case No. 7 {Contt'd)
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FILE 7092,80epNC/L18S HAS BEEN OPENED FOR WRITING ON UNIT %

IBRBL-2L D! e

UNIT NO, 3
—EOMPONENTNDL——2—BOLUTIONS: e
,6593610F401 “802652F+01 "1518873E,02
UNIT 3'ENDFILED AND RELEASED

SOLUTION VE-TOR NOT 2

T OB ENERTN Ay Serodtadvue TTTeTYT T T s

FILE 709{,50«PNC/L1IBS HaS BEEN OPENED FOR WRITING ON UNIT 3

UNTT NO, 3 .
COMPONENT NO° I SOLUTIONS,
—_— F2ER0T 4058490 59696900t [B1uS6USEL01 - [ 9503272F. 01
UNTY % ENDFI ED AND RELEASED
FILE 7092, sn.PNCIL!Bq HAS BEEN OPENED FOR WRITING ON UNIT 3

UNTIT NO, 3 e
COMPONENY No, 2. 8OLUTIONS:

: ' : FEAZIAALI ] 7 sam e
UNIT 3 ENDFILED AND RELEASED ) , _
¥t USER cOULD STOP WERE AND PERFORM .
: — - ¥ : C e e
* MAy CONTINUE,
+1 DETERMINE INFLUENCE OF THIRD
+1 AIRERAP T COMPONENTVINITERATION — —
+3 PROpEDURE,
+1  CNTYL T
——NCMPT— 1Pty : Trmroom e
+ REREAD all INFLUENCE SUBLMATRIX '
+! File8, .
% yNRE - -
FILE 7077,VNaFNC HAS BEEN OPENED FOR READING OM UNIT
CREATION TIMExO7/07/76 04109101
" e
FILE 7078, VNePNC HAS BEEN OPENED FOR READING ON UNIT {
CREATION TIMEs07/07/76 04109301
—UNET— 1 RERGUND aAND RELEABED — T
FILE 7079,VYN=PNC - HMaAS BEEN OPENED FOR READING ON UNIT

v -

r

FIGURE 8.7-2 oOutput for SOLN Code for Test Case No. 7 (Cont?d)
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CREATION 11I4ER07/072/76 0409101

UNTT 1 REwOURD AND RELEASED - T '

FILE 7060, yNapNE Has BEEN DPENED FOr READING ON UNTT
CREATION 1I4Fx07/07276 04109301 -

UNTT 1 REWHUND AND RELEASED

FILE 7081,YNePNE Ha$ BEEN OPENED FOR READING ON UNIT ¢
CREATION TIMER07/07/78 0409101

N ET- - -REWAURD - aND RELEASED N o

FILE 7q082,VNePNC HAS REEN OPENED FOR READING ON UNIT 4
CREATION 11HE-OY/07/76 pa109101 s
UNTTYT f REWUHND -aND RELERSED

FILE 708%,YNuPNL HAS BEEN OPENED FOR READING ON UNIT
CREATION YIMFeqQ?,07/76 pdte9tind

UNEF- - REwfHND -AND- HELE2SFD ' ’
FILE 7084, ,VNePNE Ha$§ BEEN OPENED FOR READING ON UMIT ¢ -
CREATION 1yrEa07/07/76 04309101

UNTY  § REwrD AND RELFaSER

FILE 7085,VNePNC HAS BEEN OPENED FOR READING ON UNIT
EREATION TIMFa07/07/76 Bd:09y01

SUNETY  f wEwranD o aND RELERSED

+ THE COMA COMMAND MAY NOT BF UsFD

+ Wi1th THE ITERATION PRUCEDUHE

+1 RERFAD AlL CONSTANT %UR-VECTaﬁ FILES'

+1  RCwE

FILE T0Bb,RCePNE HAS BEEN OPENED FOR READING ON UNIT 9

CEREATFION-TIVEYOT 0T TE g&to9tnt
UNIT 2 RFWNAUND AND RE[EABED

FILE 7087,RCePNC MAS REEN OPENED FOR READING ON UNIT
CREATION Y1~EgB?/07/76 outotnt '
UNIT 7 REWNUND AND RELEASED

FILE 7088 ,RC=PNC ' Ha8 BEEN OPENEDR FOR READING ON UNIT

CREATINN TIHER07/07776 08109801
UNIT > REWNGLND AND RELEASED

'z SULVE DIAGONAL BLOCKS mY

¢t HINSEROLDER PROCEDURE, DEFINE THE
+1 SULHTION §Uk-VECTUR FILES, THE

+1 PRE«DFTERMINED APPROXIMATE

copc - - SUEUTIOMN StineVECTER FILES, -

+1 MaXTMIIM NUMBER UF ITERATIONS,

+y ArIUINT DF OVER=RFLAXATION,

‘3 AnD AMOUNT O8F INTERMFDUATE

'Y PhyrTaUY,

FIGURE 8.7-2 Output for SOLN Code for Test Case No. 7 (Cont'd)
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#t SOLY ’
—HETHODT T .
1PSn 2
IPRINTS P ’ )
TN T AT OUTAN T T NEMP Y — e :
7093 n .
7094 n .
1095 0}
(INPS, INPGNT, 1= NCMPy 2
70691 f ’
_1_0_9.2 i3 — e ——— - —— ————— [, . ne e ——
. 0 A ’ . '
MAXITig 1n
l.iﬁﬁ R
ITERPS 9
AR M TREX I RVERSE DEMANDED— - - — = -om - e e
ENTER SUR' MWREC' .7 ROWS S COLUMNS' MATRIX ON UNIT 1

G;‘L lllji? I! - [P

8UB, ATR TRANSPOSED A TuBYe 5 MATR7TX

_kak MATRIY INVERSE DEMANDED

TN TR SR rREC & RONS T 3 COLUMNS . MATRIX ON ONTT T2 -

EXIT HREe’ TINVERSE ON UNIT (2

—BUB AT TRENSPOSED A bwBYs S MEIRIY - -
#x%  MATRIX INVERSE DEMANDED

ENTER 8Ug’ MRgC, 4 ROWS 2 COLUMNS MATRIX ON UNIT 14
EXIT HREC” INVERSE ON UNIT 12

SUB, ATR TRANSPOSED a 4oBYe ?  MpATRIX

SOLUTION ErTOR NO, 1 .
‘,"'Eﬁ-'ﬁﬂnﬁtuntdgg X —_——— . e
ﬁILE 7086.BC-PNC Ha8 BEEN OPENED FOR READING ON UNIT 4

-~ .

FIGURE 8.7-2 oOutput for SOLN Code for Test Case No. 7 {Cont'd)
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UNIT 4 REWDUND AND RELEASED
FILE 9n8?, 8t abNe Ha8 REEN OPENED FOR READING ON UNIT
UNTT 4 REWOUND AND RE[ EASED
FILF 7088 mAlaPNC HAS BEEN OPENED FOR READING ON UNIT 4
UNTTY g REWDHND AND RELEASED
FILE 7091 ,50aPNE HAS BEEN OPENED FOR READING ON UNIT 4

FILr To93;8t«PNC/LIBS

CREATINN TiME = Q722776

UNTY

UNTT NO,

COMPONENT O

M1 BEEN OPENED FOR wRITING ON UNIT

11518316

3 ENDFTLED AND RELEFASED

i SOLUTIONSS

CREATION T1IMENOT?/,22/76 11116143

S HNIT g REwoitint- gl RELEISED )
FILE 7092 8N=pNC MAS REEN DPENED FOR READING ON UNIT 4
CREATION 1IMERQ7/22/76 t1e16t4y
BRIT g RFEwWCUND AND RELELSED
TTERATIUN t LARGEST RELATIVE ERROR= LUT011%F 400
ITERATIUN > LARGEST RELATIVE ERRNR= J14T81EF 400
TTERATIUN T LARGEST RELATIVE ERRURy -4T-2.7-7: 193
ITERATTION ¢ LARGEST RELATIVE ERROR= « 150495E 402
ITERATTUN & LARGEST RELATIVE ERRURx 183576 W02
TTERATIOUN & LARGEST RELATIVE ERRURn 259R51F =03
TTERATIUN 7 LARGEST RELATIVE ERROR=z .HOSEOUF.OQ

X

9999998F¥op - L 2p00001F301 1 2999998F .01 3000007401 L9999, 3E . 01

FILE 7050,su.chILIB$ HAS REEN OPENED FOR WRITING ON UNET 8
CRFATION TIME 2 07/22/7786 11118314R
UNIT 3 ExDrTILED AND RELEASED
UNTT NO, .
- ¢tOnPONENT 0" 2 807 UTTONS: -

,6000016F+01 L 6999994¢ 401 ,80000015 401
FILE 7095,8npNC/L]IBS HAS BEEN OPENED FOR uwRITING ON UNIT 3
CREATION TIME = 07,22/763 11418119
UNIT 3 Enps ILED AND RELEASED

FIGURE 8.7-2 Output for SCLN Code for Test Case No. 7 (Cont'd)
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UNIT NO, %

. . i i
+J000000E+01 *1300000F4+02
WO OF-TTFERATIONS— 1O CONVERGES 7 1 ARGES T RELATIVE ERRORT — —T405204E w04

SOLUTION yErTOR NO' 2
---.---.--agncnnunuu )
“—rftE*fﬁﬁt"ﬁf—#ﬂﬂ?“——""““——“ﬁts"ﬁtEN*ﬁP€N&B—rﬁR—REIﬂTNr“ﬁN*UﬁTf'“n“"
UNIT 24 REWNUND AND RELEASED
FILE '7087,BCePNC HAS BEEN OPENED FOR READING ON UNIT 4
] £6 s e
FILE 7088,BCwpne . HAS BEEN OPENED FQR READING ON UNIT 4
TUNIT 4 REWOUND AND RELEASED
—FHE 70915 SOwPNE ——HiS BEENOPENEDFOR—READING ON-UNFT- —g—- . -
CREATYON TimEa0Y/22/76 11116143
UNIT 4 REWNOUND AND RELEASED
' T SURPNC—————Ha S REEN OPENED FOR REFUING ON—UNIT—g—
CREATION TrMEQ07/22/76 1116144 .
UNIT 4 REWODUND AND RELEASED

ITERAYION 1 LARGEST RELATIVE ERRORs UTO11SEL00
R EON T TR GE ST RELATIVE ERAORR T HESOD oo
ITERATION 3 LARGESY RELATIVE ERROR= 225886001

ITERATION 4 LARGEST RELAVIVE ERRORg o 750U88Ea0?
T ERAT N5 TARSES T RELATIVE ERRORY 1S 3STEw02 s e
ITERATION  , LARGEST RELATIVE ERRORw  ,25985(€a03

TTERATION ¥ LARGESY RELATIVE ERROR=: L405204F w04
FILE 7093,5C=PNC/LIBS HAS BEEN OPENED FOR WRITING ON UNIT %

13

UNIT NO, 3

SO UTTONST - — T Tt s
v 20000008401 40000036401 - ,5999996E,01 2 8000015F 401 9999935e+01

FIGURE 8.7-2 Output for SCLN Code for Test Case No. 7 (Cont?d)
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http:25S9SIE.03
http:OT5049E.02
http:0258660E.o1

¢g-sHaINnNId

FILE 7094 ,SNePNC/LIBS HaS BEEN OPENED FUR WRTITING ON UNIT 3
THNF o DE 1D AND REVERSED - - - - - '

UNTY NO, %
CORPONENT wel 2 80 UT1ONSy
«1200003F+02  ,1399999F 402  ,1600000F402

FILE 7095 SU-PNC/LIBY HAS REEN OPENED FOR WRITING ON UNIY 3
m g g BN R - AND - RELEASED :

UNIT ND, 3
tOmPONENT nDT -3 SULUTIONS
v 1H00000F402  ,2000000F402

NG, O [ ReFrONS—TO  CONVERGE o T LARGFST RELATIVE ERROfRE LU05206Fa04
+1 Al DnwnE,
+t STNFP -
St 177

FIGURE 8.7-2 Output for SCLN Code for Test Case No. 7 {Concluded)



