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Abstract g e il ]

A package of FORTRAN subroutines is presented for the solution
of nonsymmetric or symmetric sparse linear systems by triangular
decomposition. Two principal aims are (1) to handle matrices
which originally fit into primary core storage but do so no longer
after decomposition, and (2) to solve a sequence of linear systems
all of which have the same sparsity structure by generating--in
secondary storage--a record of the decomposition process in the
form of an integer array. Some experimental results using the
package are included.
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FURTHER PROGRAMS FOR THE SOLUTION OF
LARGE SPARSE SYSTEMS OF LINEAR EQUATIONSD)

by

Charles K. Mesztenyiz) and Werner C. Rheinboldtz)

1. Introduction
In a previous report [ 1] a package of FORTRAN subroutines was

presented for the solution of a linear system
(1) Ax = b

based on triangular decomposition of the (symmetric or nonsymmetric)
matrix A. The underlying data structure was motivated by a more general
arc-graph structure discussed in [2].

The programs given here have the same purpose but pursue the follow-

ing two different aims:

a. To handle matrices which originally fit into primary core storage
but do so no longer after decomposition.

b. To solve a sequence of systems (1) all of which have the same
sparsity structure. This case arises, for example, in the solu-
tion of nonlinear systems by Newton's method.

The first aim is accomplished during decomposition by writing the

decomposed part of the matrix into secondary storage and using its place

for newly introduced nonzero elements. In order to meet the second aim

1)This work was supported in part by the National Science Foundation under
Grant GJ-35568K and the Office of Naval Research under Grant N00014-67-A
-0239-0021 (NR-044-431).

2)Compu'cer Science Center, University of Maryland, College Park, Md. 20742.
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, we follow an idea in [3 ] and generate--in secondary storage--a record
of the decomposition process in the form of an integer array. This
record can be used to decompose any matrix with the same sparsity struc-

ture provided there are no round-off problems.

2. Some Background

, The desired triangular decomposition of the n x n, nonsingular matrix

A has the form

ﬁ_ (2) PAQ=1U, L=1+10,

where L0 is strictly lower triangular, U upper triangular, and the

permutation matrices P,Q define the pivoting sequence. The decomposition

is accomplished in n steps, such that ~
_ 0 ;=
(3) PiAQi = (I+Li)Ui + Ai’ i=20,1,...,n

where the first i rows and i columns of Ai’ the last n-i columns
of Lg, and the last n-i rows of Ui are zero, respectively. Moreover,

0
PIL? has the same first i columns as L and UinQ the same first

P
i rows as U. This latter fact allows us to keep Lg and Ui in second-

ary storage.

Let m(B) denote the number of nonzero elements of any matrix B.
Then the storage required before and after decomposition is of the order of
my = n(A) and m, = nU) + n(LO), respectively. Furthermore, m = maxinCAi)

is the maximal storage needed for the matrices Ai‘ Clearly, we have

' = e T e
S R uan e SE e it S ey .
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my =mo=m and, in practice, it turns out that my=mg is very much
larger than my <M In fact, sometimes we found m, to be equal to
m, (see Section 5). Hence by retaining only the Ai in primary storage
we require, in general, only little more storage than for A itself.

The basic storage structure allows for easy modification of the pivot-
ing strategy. In fact, in the nonsymmetric case the pivot selection is
handled by an easily replacable subroutine. We use here the well-known
minimal degree algorithm. If Si is the set of nonzero elements of Ai’
then for any x ¢ Si we denote by Ri(x) and Ci(x) the subsets of Si
consisting of the elements in the same row and column as x, respectively.
Now, with Ei(x) = Ri(x) if IRi(x)I SICi(x)I and otherwise Ei(x) N Ci(x),

the set of potential pivots is given by

(4) s0 = tx €55 |a| 2w max Ja@)]).

zéEi(x)
Here a(z) 1is the value of the matrix element corresponding to z and
w € [0,1], a user-defined parameter. The ith pivot is then the element
X € Sg for which (IRi(x)I-l)(ICi(x)l-l) is minimal. Generally, with de-
creasing u the fill-in decreases while the round-off influence increases.

For symmetric A it is assumed that the pivots remain on the main

diagonal and hence that Q = PT. In that case each matrix Ai is again
symmetric. If Di is the set of nonzero diagonal elements of Ai’ then
the ith pivot is the element x of the set
(5) D} = {z €D la(2)| = wmax |a@)|}

yGDi :

for which the number of nonzero elements in its row is minimal.
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It is theoretically possible to use the value p = 0. In that case,
(4) and (5) show that any nonzero element of Si or Di’ respectively,
is a potential pivot. Then the pivot selection depends only on the sparsity
structure and not on the elements of the matrix--but, of course, the round-

off influence may be considerable.

3. Basic Storage Arrangements

3.1 Matrices in Primary Storage: As mentioned before, the basic storage

structure used here is the same as that in [1]. We summarize it briefly.
Set N= {1,2,...,n} and let S ¢ N x N be the set of locations corre-

sponding to the nonzero elements of a given n x n matrix A. We number

the elements of S from n+*l to n+#m, m = |S|, that is, we introduce a

bijective mapping
(6) vi S+ {n+l,...,n*m} .

Now define two integer arrays RY and CY each of length n+m in
which the relative addresses n+l,...,n+m correspond to the elements of S

in the order provided by v. The images v(Ri) of the row sets
Ri = {(i,k) € S; some k € N}, i ¢ N

form a partition of {n+l,...,n+m}. For any set v(Ri) = {il,...,ik} we link

the locations i,il,iz,...,ik into a circular list

)

7 i) = RY(E), &5, = RY(i), § = L. k1, 4 = RA

where for practical reasons
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(8) i1>i2>...>ik>i.

Analogously, we proceed with the images v(Ci) of the column sets

Cj = {(k,j) € S; some k € N}, j €N

in the array CY.
In order to stere the associated matrix elements a third array A is,

of course, needed. Thus, for example, the matrix

0 1 0 3
0 0 5 0
-1 0 2 0
0 -2 0 0

may be stored as follows:

loc 1 2 3 4 5 6 7 8 9 10

10 8 9 7 3 1 4 / 5 6

We shall refer to RY and CY as the sparsity structure arrays and to
A as the coefficient array.

For symmetric A the set S only needs to be the set of locations
of the nonzero elements in the upper (or lower) triangle (including the
diagonal) of A. Moreover, we assume always that in the symmetric case
all diagonal elements are nonzero.

Then the first n cells of the sparsity

structure arrays RY and CY are no longer needed if (6) is changed to




! vi S » {1,2,...,m}, v(i,i) = i,i=1,...,n .

There is no need to repeat the details; the resulting data arrangement

should be self-evident from the following example:

1 0 -1 0 el 1 2 3 4 5 6

0 2 0 -2 RY| 5 6 3 4 1 2

S0 kG

0 -2 0 4 ol 1 2 5 6 3 4
Al 1 2 3 4 -1 -2

During decomposition, this storage arrangement is used for the matrices
Ai’ i=20,...,n. When a nonzero element of Ai remains in Ai+1 its posi-
tion in the RY,CY,AY arrays is maintained. After each pivoting step the
l pivot row and column are written on secondary storage and the corresponding
! cells in the storage arrays are freed, that is, the circular linkages con-
{ taining these elements are modified appropriately. The resulting free

locations are reassigned when fill-in occurs.

3.2 Triangular Matrices in Secondary Storage: The programs here are

written for use with a random-access secondary storage device. Some infor-
mation about the necessary I/0 routines is provided in Section 4.1 below.
In the nonsymmetric case the triangular matrices L and U are

written as two arrays of pairs of numbers. The L-array contains the columns

of L in consecutive order and each column has the form

¥
-lc,-lr
- _
Jl: Jpic

:
ja,8. .
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where ic and i. are the column- and row-index, respectively, of the

pivot (stored negatively) and ji represents the row index and 8j i
i’7c

the value of each nonzero element in the particular column. Similarly the
U-array contains the rows of U in consecutive order, each of them in the

form
Jysls
1. ir’Jl

JaaUEE
k 1oy
-i ,p.
i
Here ic is the column index of the pivot and P; its value, while

ji’ui j denote the column index and value, respectively, of each non-
r’’i

zero element in the row. The entire U-array is initialized by a dummy
pair -1,-1.

For the backsubstitution programs it is assumed that the L-array is
read forward and the U-array backward.

In the symmetric case, there is, of course, no need for both the L-
and U-array. Accordingly, only the L-array is set up containing the
columms of L in cénsecutive order, each one in the form
4
_ d
1714

-id’

J.5ity =
k Jeiy

-i ,d- .
d ig
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Here 1ij is the index of the pivot (on the diagonal) and di its value
and ji’eji’id have the previous meaning. The header at the beginning
and end of each column is needed, since during backsubstitution the array
is read once forward and once backward.

3.3 Representation of the Decomposition Record: As mentioned in the

introduction, the programs can generate a record of the decomposition -
process for later use with any other matrix of the same sparsity type.
This record is in the form of an array of positive integers in secondary
storage. For each pivoting step the following information is recorded:

Nonsymmetric Case:

ix’ ic’ ir’ kc’ X)) jl, cen s )f.kc, jkc
kr, Yy ml, coe ykr, mkr
pr by vee s by
ix relative location of the pivot in the RY,CY arrays
i, i, the column- and row-index of the pivot, respectively
kc, kr the nunber of nonzero elements in the pivot-column and pivot-
row, respectively
X., ji relative location (in CY) and row-index, respectively, of

the nonzero elements in the pivot column

y;» M; relative location (in RY) and column-index, respectively, of
the nonzero elements in the pivot row

Z. relative locations of the elements in Ai which must be

modified at the step, t = kc . kr
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Symmetrnic Case:
i, k, Yio Mps oee s Yoo My
81, 000 g Gt
i index of the pivot and hence also its relative location in the
RY,CY arrays
k the number of nonzero elements in the pivot row. Each of these

elements is identified by a pair (yj,mj) as in the nonsymmetric
case
L. the relative locations of the elements in Ai to be modified,

t = k(k-1)

4. Description of the Programs

The package consists of four groups of subroutines with names INT, BLD,
DEC, and SLV; in addition, there is a pivot selection routine PVT01 for
the nonsymmetric case and a set of I/0 routines for interface with the random
storage device.

The INT programs initialize the storage area and have to be called first.
The BLD routines establish the data structure described in Section 3.1 for
the given matrix A. Then the DEC routines are called to perform the
decomposition of the matrix and/or to generate a record of the decomposi-
tion process. Finally, if applicable, the SLV routines are used to obtain
the solution of the given system (1) by backsubstitution.

In general, any efficient routine for building up the basic data

structure from given data about the matrix depends strongly on the details
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of the files used. The BLD programs presented here avoid all assumptions
about file formats, etc., by establishing the data scructure one matrix
element at a time. In other words, the chosen BLD rou*ine has to be called
once for each nonzero matrix element. For many practical purposes this
may be inefficient. The routines were included principally for the sake
of completeness; it should be easy to rewrite them for any specific appli-
cation.

The names of all subroutines in the four principal groups are preceded

by the letters S or N for the case of symmetric or nonsymmetric matrices,

respectively. The names of the subroutines in the INT, BLD, DEC group

are ending with one of the numerals 0, 1 or 0l1. This indicates the follow-

ing alternatives:

0 - Initialize or btuild only the sparsity structure arrays of the matrix
or generate a record of the decomposition based solely on the sparsity
structure. These routines are only available for symmetric
matrices; fornonsymmetric matrices it is not an advisable approach
since the resulting round-off error could be severe.

1 - Initialize or build only the coefficient array for the matrix elements,
or decompose the matrix using a previously generated record of a
decomposition for matrices with the same sparsity struéture.

01 - Initialize or build both the sparsity structure arrays and the coeffi-
cient array, or decompose the given matrix and, optionally, generate
a record of the decamposition.

The pivot selection for the nonsymmetric case is performed by the rou-
tine PVT0l. For the symmetric case, pivot selection is incorporated within

the routines SDECO and SDECO1.
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4.1 Catalog of Subroutines: In this subsection we 1list the various sub-

routines of the package together with their calling sequences and brief
descriptions of their purposes. The arguments in the calling sequences
are discussed in the next subsection.

INT - Routines

SINTO(MD,RY,CY,ND)
Initialize the sparsity structure arrays of a symmetric matrix.
SINTO01 MD, FD,RY,CY,A,AN,ND)
Initialize the sparsity structure arrays and the coefficient
array of a symmetric matrix.
SINT1 (MD, FD,AN)
Initialize the coefficient array of a symmetric matrix.
NINTO1 MD, FD,RY,CY,AN,NDR,NDC)
Initialize the sparsity structure arrays and the coefficient
array of a nonsymmetric matrix.
NINT1 (MD, FD, AN)

Initialize the coefficient array of a nonsymmetric matrix.

BLD - Routines

All routines add a matrix element with value V, row index I, and
colum index J to the structure. Note that in the symmetric case only
the nonzero elements in the upper (or lower) triangle and the diagonal

should be given.
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‘ SBLDO(I,J,MD,RY,CY,ND)
Insert element (I,J) into the sparsity structure arrays of a
symmetric matrix.
SBLDO1(I,J,V,MD,FD,RY,CY,A,AN,ND)
Insert element (I,J) into the sparsity structure arrays of a
symmetric matrix and a corresponding value V into the coeffi-
cient array.

SBLp1(I1,J,V,MD,FD,A,AN)

Associate a value V to element (I,J) of a symmetric matrix.
The V-values must be in the same order in which the (I,J)-values
were read-in during prior construction of the corresponding
sparsity structure arrays by SBLDO or SBLDO1.
NBLDO1(I,J,V,MD,FD,RY,CY,A,AN,NDR,NDC)
Insert element (I,J) into the sparsity structure arrays of a
nonsymmetric matrix and a corresponding value V into the coeffi-
cient array.
NBLD1(I,J,V,MD,FD,A,AN)
Associate a value V to element (I,J) of a nonsymmetric matrix.
The V-values must be in the same order in which the (I,J)-values

were read-in during prior construction of the corresponding

sparsity structure arrays by NBLDO1.

e
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DEC - Routines

SDECO (MD,RY,CY,ND, IP, IE, IH)
Generate a record of the decomposition of a symmetric matrix
on the basis of the given sparsity structure.

SDEC01 MD, FD,RY,CY,A,AN,ND, IP,IE,IH)
Decompose a given symmetric matrix and optionally (MD(3)#0)
generate a record of the decomposition.

SDEC1 (MD, FD, A, AN, IE)
Decompose a given symmetric matrix using a previously generated
decomposition record.

NDECO1 (MD, FD, RY, CY,A,AN,NDR,NDC, IPR, IPC, IE, IH,NG1,NG2)
Decompose a given nonsymmetric matrix and optionally (MD(3)#0)

generate a decomposition record.

NDEC1 (MD, FD,A,AN, IE, IH)
Decompose a given nonsymmetric matrix using a previously generated

decomposition record.

Pivot Routine

PVTO1(I,N, IX,KR,KC,F,RY,CY,A,IPR,IPC,NDR,NDC, IE, IH)

Select the next pivot by the minimal degree algorithm during the
7' decomposition of a nonsymmetric matrix. The routine is used by

NDECO1.

s L e e ———— o e, - i o
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SLV - Routines

These routines use the decomposed matrix in secondary storage.
The right side of the system is given in the form of the input array
X which in turn may be the same as the output array Y of the solu-
tion. The routines may be called repeatedly for different right sides.
SSLV(MD, X,Y)
Return the solution Y of the symmetric system with right
side in X.
NSLV (MD, X,Y,AN)
Return the solution Y of the nonsymmetric system with right

side in X.

I/0 - Routines

The I/0 routines for commnication with the random access storage
device are not in basic FORTRAN. They should be modified to suit a user's
machine configuration. The routines have the following entries:

For 1/0 of decomposition record (array of positive integers)

DWI - Initialize for writing.

DW(K) - Write K as next entry of the array.
DWE - Terminate writing.

DRI - Initialize for reading.

DR(K) - Return the next entry of the array in K.

For 1/0 of symmetric decomposed matrix (array of pairs)

SVWI - Initialize for writing.
SVW(é,s) - Write (¢,s) as next entry of the array. ¢£-signed integer,

s-real.

s — o PRI
Y T - T —— —— S g




SVWE

SVRI

SVRF(¢,s)
SVRB(¢,s)
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Terminate writing.
Initialize for reading (forward).
Return the next entry of the array in ¢ and s.

Return the previous entry of the array in ¢ and s.

For I/0 of a nonsymmetric decomposed matrix (two arrays of pairs)

NVWI

NVWF (¢,s)

NVWB(¢,s)

NVWE

NVRI

NVRF(¢,s)
NVRB(¢,s)

Initialize both files for writing.

Write (¢,s) as next entry of the L-array (£-signed
integer, s-real).

Write (£,s) as next entry of the U-array.
Terminate writing of both files.

Initialize for reading, file L forward, file U
backward.

Return next entry of L-array in (¢,s).

Return previous entry of U-array in (¢,s).

The following Table 1 shows the usage of the I/0 routines by the

various main routines:

. ot o = e

e 3

Table 1
I/0 Routine Usage

DWR SYWR NVWR

sition  Symmetric Nonsymmetric

wnooord Dec. Matrix Dec. Matrix

File 10 File 11  Files 12, 13

Progran Write | Read |Write | Read Write | Read

i

SDECO X : | |
SDECO1 [ | X |
Shec1 | X X ]
SSLv | | X 1
NDECO1 s | | X |
NDEC1 | x | X |

NSLV i | | x

X - routine used
§ - use is optional, depending on user's request

e e e
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4.2 Arguments: The arguments in the various calling sequences either
reference single values or data arrays. For simplicity the single varia-

bles are collected in two arrays, an integer array

M), I =1,2,...,8

and a real array

FD(I), I=1,2,...,7 .

The first three values of MD and the first two of FD are to be supplied
by the user; the others represent output of various other routines. Care
should be taken that these latter values are not modified whenever they
are still to be used as input by other routines.

The use of the various arguments by the routines in the package is

sumarized in Tables 2 and 3 below.

MD - Array

MD(1) = N The dimension of the matrix; to be supplied by the user.

MD(2) = MX The lengths of the arrays RY, CY and A. If the decomposi-
tion of the matrix requires more internal storage, that
is, if m, > MX, then the error indicator MD(4) is set to
one and the process is terminated with a return to the
user's main program.

MD(3) If this indicator is zero, the DEC0l1 program does not

produce a decomposition record; for any nonzero value

of MD(3) such a record is generated.



| MD(4)

MD(5)

MD(6)

MD(7)

MD(8)

FD - Arraz
FD(1)

FD(2)

FD(3)

Lo
L S

- 17 -

Error indicator set as follows:

= 0 : no error.

= 1 : storage overflow; MX is too small for decomposition.

= 2 : on the basis of the sparsity structure (independent
of the values of the elements) the matrix is singular.

= 3 : the matrix is declared numerically singular.

In the nonsymmetric case equal to MO + N where MO is the

nunber of nonzero elements in the matrix; in the symmetric

case equal to MO, the number of nonzero elements on the

diagonal and in the upper (or lower) triangle of the matrix.

The length of the actually utilized portion of the arrays

RY, CY or A, equal to Ml + N or Ml in the nonsymmetric or

symmetric case, respectively.

In the nonsymmetric case equal to M2 + N where M2 is the

number of nonzero elements in the decomposed matrix; in the

symmetric case equal to the nonzero elements on the diagonal

and in the lower triangle after the decomposition.

Length of the decomposition record.

A tolerance EPS supplied by the user. If a pivot value in
magnitude is less than EPS the matrix is considered to be
numerically singular and the decomposition is terminated.
Initial input by the user containing the pivot selection
parameter ..

Largest coefficient value in magnitude in the original
matrix. Initialized By the INT routines and updated by the

BLD routines.
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FD(4) Largest coefficient value in magnitude encountered during

decomposition, calculated by the DEC routines.

FD(5) Natural logaritlm of the absolute value of the determinant

calculated by the DEC routines.

FD(6) The sign of the determinant as +1.0 or -1.0 calculated by

the DEC routines.

FD(7) The natural logarithm of the product of the L, norms

of the row vectors of the original matrix calculated by

the DEC routines.

Data Arrazs

RY (MX) , CY (MX)

A(MX)

AN(N)

ND(N)

NDR (N) , NDC (N)

IE(N) , IH(N)
IP(N)

IPR(N), IPC(N)
NG1 (N) ,NG2 (N)

}

Integer arrays for the sparsity structure. Their
length MX is specified by MD(2).

Real array for the values of the nonzero matrix
elements.

Real array of length N (see MD(1)) used to collect
row-vector norms of the matrix.

For symmetric A.

For nonsymmetric A. Integer arrays of length N
containing the mumber of nonzero elements by row
(or column).

For any matrix.

For symmetric matrices.

For nomsymmetric matrices. Temporary arrays of

length N.

e L 4
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lxcept for the last seven temporary arrays all data arrays are
initialized in the appropriate IN routines. All integer arrays are used
only for storing nonnegative integers. Thus for particular computers

these arrays could be packed together.

o I 1 R I R I I R R I I I 1 R
pmgr?m 1 1 1 8 7 M M M N N N N N N
SINTO |- - - us - S s - . S . : ..
siNTO1|- - - us  uUs S s s s s . - -
SINTL |- - - Uus us - - - s . ] ) .
sBLDO [U U - PS - PS PS - - P - - -

SBLDO1 | U U U PS PS PS PS PS PS PS o o S S

SBLDL (U U U PS PS - - PS PS - - - - -
SDECO | - - - P - T PT - - PT T T T -
SDECO1 | - - - PS PS PT PT PT PT PT T T T -
SDEC1 | - - - PSS PS - - T PT - - T - -
ssw | - - - PS - - - - - - - - - u
Table 2
Usage of Arguments in the Symmetric Case
(for legend see Table 3)
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5. Some Experimental Results

Two groups of computational experiments were conducted on the Univac
1108 of the University of Maryland, Computer Science Center. They correspond
to the computational experiments reported in [ 1]. Since the basic decomposi-
tion procedure is the same as in [1], the overall elapsed time for execution
of the decomposition programs (TLU) and the number of elements after decomposi-
tion (Mz) are essentially the same as reported there.

The new results presented below concern the maximal in-core storage
requirement (Ml), the elapsed time for execution of the decomposition routines
(Tl) using a previously generated decomposition record, and the elapsed time
for execution of the backsubstitution routines (TSO) when the decomposed
matrices are residing on auxiliary storage. These times are given below
relative to the elapsed time (TLU) for the execution of the decomposition
programs. It should be pointed out that for N 1larger than 100 there is
less than a three percent difference between the elapsed time for the genera-
tion of a decomposition record (SDECO) and that for a regular decomposition
with or without retaining the record (SDECO1l, NDEC01).

The first group of experiments involved nonsymmetric matrix decomposi-
tions. As in [ 1], a special program was used to generate permuted diagon-
ally dominant random sparse matrices B = (bij)' Given the dimension N of
B and a number M0 of nonzero elements, the program randomly generates
M0 - N distinct index pairs (i,j), i # j, 1 = 1,j =N, and the corresponding
matrix elements bij' Then each diagonal element is obtained by adding a
random positive number to the sum of the moduli of the off-diagonal elements

in its row. Finally, the rows and columns are independently and randomly

== Ty = DS . . e .
A e e T g
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permuted. Table 4 contains the results obtained when the decomposition
programs are applied to these random matrices. The pivot selection

parameter u = 0,125 was used.

Talble 4
Results for Nonsymmetric Random Matrices

NoM MM /My TN

50 200 200 375 . 255 . 068

' 50 300 300 632 .218 . 041
r 100 400 400 811 .198 . 044
100 600 1,114 2,026 .140 . 016

| 200 800 913 2,312 .138 .020

| 200 1,200 3,991 6,439 .074 . 005
300 1,200 1,924 4,224 121 .012

The second group of experiments involved the decomposition of
symmetric matrices obtained by the discretizing of Dirichlet's problem
for Laplace's equation on the unit square with the five-point and nine-
point formulas. In all cases a uniform mesh was used. The coefficients
of the resulting matrices are well known and are not repeated here.

Table 5 contains the results obtained with the symmetric decomposition

-programs.
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Table

5

5-point Formula &) M M2 /Ty Tso/ Ty
Na= 81 225 225 469 .47 .18
N = 289 833 883 2,413 .22 .06
N = 484 1,408 1,699 4,733 17 .04
N = 625 1,825 2,328 6,566 16 .03

9-point Formula
N= 81 353 353 715 .35 .10
N = 289 1,345 1,673 4,296 .15 03
N = 484 2,290 2,928 8,054 13 .02
N = 625 2,977 4,047 11,800 .10 .01
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6. Program Listings

6.1 Main Package:

SUBROUTINE SINTO(MD,RY,CYIND)
DIMENSION MD{1)RY(1),CY(1)yND(1)
INTEGER RY,»CyY
C 2 akaxssdahradphkkhh KRRk ok ® ook ok ko
C = INITIALIZE SYMMETRIC STRUCTURE ARRAYS =
C sxkpkadddn kb ik ke iRk Rk kR ko k%
C
N = MD(1)
MD(b) = N
VO 10 I=1N
RY({) = i
cy(l) =
lvu ND(L) =1
RETURN
END
SUBROUTINE SINTOL(MDsFDIRYeCYr»A»ANe ND)
DIMENSTION MU(1)oFD(1)sRY(1)9CY(L1)pACL1)sAN(L1)ND(1)
. INTEGER RY#CY
C A2RXERARNE R R RN ok Rk R ok ok 2k ok 0 o o ok Rk o
C x INITIALIZE SYMMETRIC STRUCTURE AND COEFFICIENT ARRAYS =
g A3 K o o K e o o o K K o o o K o K o o K o ok ok R
N = MD(1)
MD(5) = N
FD(3) = 0.
V0 10 I=1/.N
AN(I) = 0.
RY(l) = 1
cY(l) = 1
1v ND(I) = 1
RETURN
END

SUBROUTINE SINT1(MDyFDyAN)

DIMENSION MD(1)»FD(1)sAN(1)
C AR RARRRRRR KRR EERE R R R RN KRR AR R KRR R KRk
C = INITIALIZE SYMMETRIC COEFFICIENT ARRAY =
g Tt s

N = MD(1)
MD(%) = N
FD(3) = U,
Mg = MD(5)
DO 10 I=1sN

10 AN(1) = 0,
RETURN

¢ eND
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' vul SUBlOUTlNE NINTuUL(MD FD.QY C ANy NDR »NDC)
, Jue OIMENSION MDC(1),FD(1)yRY (1)L 1)-NDR(1) NDC(1)sAN(1)
| Jud INTEGER KRYW#CY
Jun A e L A L P L iRt
Uub C » INITIALIZE NONSYMMETRIC STRUCTURE AND COEFFICIENT ARRAYS »
yuo o At A e L e T R R R R s
vo? ¢
Jus N = MD(1)
yo9 MD(b) =N
ulo (3) = 0,
311 Ug 10 I=1.N
A = (e
013 Vi 2 Y
uls Lé(li =_1
Jib NDR(I) = 0
Ulo lu NDC (1) = 0
ulz RETURN
ulg END
Jul SUBROUULTINE NINT1(MOsFDsAN)
Jge . UIMENSTON MD(1)oFD(1) 9AN(T)
Jod L ‘*****‘************t##i#*#t**#tt*#******t###t
uu4 C * INITIALIZE NONSYMMETRIC COEFFICIENT ARRAY «
Jub E A K AR K OR RO K K ok R Ao ROK K Ko ok K K o o Kk kK K ok ok K
Jub
uu? No= MD(L)
Jud MO(5) = N
Juy FO(S) = U,
Jylag o 10 I=1sN
ull 1y AN(L) = U,
ule RETURN N
Jull £END

SULROUTINE SBLOO(IvGeMD)RYsCYsND)
DIMENSION MD{(1)»RY(1)»CY(1)yND(1)
INTEGER RYCY

S I eI ey R T T LIS ITI I T Y,

* BULLD SYMMETRIC STRUCTURE ARRAY %

B R ARk R KRk Kk K AR KOk K Rk ok KRk K KK

IF (I EWsJ) RETURN
MD(S) = MD(S)+1]
MO (5)
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vul SUBROUTINE NBLDOL(IsJoVIMDIFDsRYsCY s AyAN,NDRsNDC)
Uue DIMENSION MD(I)O&D(l)vRY(l)oCY(l)oA(l)vaR(l) NDC(1)+sAN(1)
yud INTEGER RY,CY
Jgob C 2k kAR R AR RN AR KRRk KRR ARk KRR kK
uud C * BUILD NONSYMMETRIC STRUCTURE AND COEFFICIENT ARRAYS x*
uub C 22Xtk Rk kR gk RN kR RN E R R R AR AR RN K&
Ju?7 C
Jug MD() = MD(S)+1
Jvy9 MO = MD(%)
ulo RY(MU) = RY(L)
Jll Cy(mu) = CY(J)
ule RY(I) = My
Jl3 Cy(Jy) = MU
Jlu NODR(I) = NDR(I)+1
uls NDC(J) = NDC(U)+1
ulo A(MY) = v
17 AN(I) = AN(I)+¥*#2 )
Jlisg Fu(3d) = AMAX1(FD(3),ABS(V))
Jl9 RE TURN
uz29 END
Jul SUBROUTINE NBLDL1(IvJyVeMDFDrAsAN)
uie . OIMENSION MD(1)sFD(1)sA(L) e AN(1)
Jyud S I I I e R R YT T2 I RS SRR TT L
Jud C * BUILU NONSYMMETRIC COEFFICIENT ARRAY =*
302 Coar bk R kRN R R KRR kKRR AR g R KRR kX
U [
o7 AN(L) = AN(I)+vex2
Jus MD(b) = MD(5)+1
Juy My = Mu(b)
Jlio ArMy) =
ull FO(3) = AMAX1(FD(3)ABS(V)}
ule RETURN
Jll ENV
vul SUBROUTINE SDECO(MDsRYyCYND» IP»IEr IH)
o2 UIMENSION MD(1)0RY (1) CY(l)oND 1), IP(1)yIECL) o IH(1)
yu3 INTEGER RY»CY
T C #2XERRARRBRERRERRARE R RV RARRBRERBRRE KRR KRRk &
uub C * GENERATE SYMMETRIC DECOMPOSITION RECORD =
ng E EERKERRKR RN R RN R AR AR kSRR KRR Rk k&
Ju
0)2) MM = 0
y9 N = MD(1)
Jylo MD(y) = ¢
ull MD(e) = MD(5)
vulz MD(T7) = MD(S)
13 _MD{Y) = 0
Uly C INITIALIZE AUXIL1ARY FILE FOR WRITING
Ulb CALL Dwl
ule6 VO 10 I=1¢N
Jgl7 lu IP(Il) = 1
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CALL SvwE
RETURN
SINGULAR MATRIX

WRITE OUT PIVOT AND ITS ROW
END

END OF PIVOTING LOOP

¢
C
C
7

DN FTD OO DO~
I N e S S o S ok o3 o]
DODDIDODDODDIIDDDDODD

Ubb
Jo?

2

20V

OCENERATE DEC

Yt il I I ™

1]
Z

‘ INTEGER RY,CY
[ Z 232 SRR L S Y

L
C
C
C
C

H
M
DIMEN
* DECOMMHOSE NONSYMM

*

NN FIDODIRD~AIMN T NDONDR D~
DD D DO DD D et ot et b ot f el 4 =4 (\J O\J O\J
PDDDDIDDIIDIDIDDDODDOIODDIDOD

NE,0) CALL Dwl
7)+ALOG(AN(I))

1N

~ I~
20
P T W Yo T PV e PN ur iy

FTOND=NOS Tl =~ 4
g 4O L g N
C2Q0uLO00OQ200 A0 <IIC
ZZTEITET T DU ~— OO

LO 290 1
PIVOT SELECTION BY SEPARATE PIVOTING ROUTINE

LOOP ON PIVOTING

1y

LUO VLU

VRO~ FTNDONDORNO~NM
NN T T T
POOO0DIDIDITIDIDIDODDIODD

tCYoAyIPRy IPCyNDR¢NDCo IE, IH)

—

z

<.

Z

—
> X
x @«
- W o
- - O
N W™
- 0O o~
[n] O~ o— o
w w =~ "owun
D W -
O < O—- Ow
xOo0O own wam
i) o] 1 <
xMdD -~ -
b — 1§~
-0O0 ~O -
- < O 0o
-O (VIR - & ~l
ZOW o4 O~
« D W~NYLh ~
e~ _JON® X

(
0
A
{
)
2
)
A

- e> ~00IDE

X~
> O NI +21
QA@X>—0 XX *
Y ~LL ~ =Y~
A=A -~ -
. | H ~inil -
qux o Na
O=~ON~U XX~
w

I
(S

(8]

Vel




- 35 -

- Z
(@) =
> o]
- .|
a - - o0
1 -~ ] (S 1s 4
Iz —t -~ — (]S ]
-0 ) N D Zuwl
— ~ p'd ~ g
VR o (&) S s 4
Oa —_o L-4 —= E 924
(8] 2Zm ~ nZ0 [e]e]
Z0 %2l Qac e
b | "o s 0] 1"nioe -
o o — > < [ U
Jud oSN —— o D - —~— el V1]
[«10) E 4 —_—O ~ —~ N—=O -0
[G1- ¢ o} w10 ] o) E xX)O Q
x O — D - — — -
aD - —_. o~ - o N ~ —0
2+ fo ] DO o w SQM QU
<N [@10] ZZ e~ [ NG ] N~ 22 e~ >ul
D - W) ) - % ey ) -
E 404 — - s T — — — e Z a
O - ~ ~ZZ o> -~ DL ~ZZ o> T~ w
Xl Z= g - e amF Z =t D~wd e e~Y U UZI
ps ~ o o NDuule = —_ . ot AL Duld—~ X XI-
- WD+t b P o N1 | 2 W D+ AN~ -
I ~ Jud e~ > e o I N2 ~d WN Il > e e N > w
—w SX> s e PO~ D) T DOUD> e7) ex ~ DX A~ ~Y =D
] XYXDIT) DVVO=A~ OD ¥ O D AN~ DDX DN 2
—X E3] e A IS ANTRIE A 4 2 B N | F s N1 H ~il~ XN~ D=~ Dr—
o O nn et hadnd (@] It n ~r 3~ i X
wd X - Uik = Z ~=luu >»>»FO0N M LMUANT~-Deetulluw>D>»3 wa
42 XDt Y =T P4 O IFTO LDLIAL L= LY DDt Y D5 =0
N W V9] —
od I h of xwn
[ 1~ QR - E-X-4
> > > 2 ) =)
LOVLOO N ) (S )% 4 D D ~ QLOOLO

HOM-DVIROANT T NI DD DA TN O DNO~NAM T .0 IND0 NDeANIN THNIDIND
TITITITOONDNODONHHD NNO0LDO DOIO OO ONIISISSANNAS~NDDILSDOTDIDVTD
DODDDODDDIDIDIDIDDD DDODDDIDIDDIDIDTTIDIDIDIDIIDIDODDIDIDDDODIDDOIDIINDIODOD

x
o
[+ 4
[V}
I
[,
2
wl
V]
=
—
57
@
(=207,
-
N Z
Wl
o T
- W
-
o w
(L]
(&
-~ -~ Z
4 -
n + S -
o o e O
-t x o w
~ [Te] w un
o *» O o o (X
- -0 - N W
-4 X -
(] +0O o - Z
o — - - o =
X a
— e -_ O -~ W
o +O m~m O e~ e I X
- — —_) e K T S e
s} V=N~ ~AY DD -4
W~ o OX =\~ a~wed o >0
eXUAND el Ded o) OO L O
AL LD ZL TN Ty =
wZZXTI o DTTT e BTt OZ
20000 N QODA~D0ONY =S4«
> ~D o ~
~JJd A JV~-VIJI I=~d I~ D
SJ 98— P B | P | -
IR g L -¢-quliRel-¢ ¢ (THo X (IR
HOVDVOZT =D V00V AVV= W
o]
-~
20
222 22
o lo] -—-OVOV

MDITHDONSOPDIDAND T NHNONDP Ot
DRI DOODODOIDDIDODDIOD A
DD D DD DD et rd e =4 ] = o) = e = o




- 36 -

-
P4
i
z
w
-
- w
Z
[} =
x w -~
[79] P4 -
< O -~
w w )
-t b o o o -~ X
= - © o N~ 7L
W O - N Y <« z
Z - @ ~— o~ D
o0 o o (o] =730V 3 —
- O o ow O uw - - Q- o O ~O -
>Nt - O O g 0O O N ~~ D
> ] -t - —p— wl o (@] S% =« O N DN ~
- OO0 et o .| (L] (L) d=~~ O O ~ 4
>t O O 4+ O -~ [a¢] XX L J Z ~0 40 «
—t (- b e =0 o < — — [& TR << Xr- LN - a.
o0 >= = w - | L2} 2] Zz0 Z b4 - _— O
-0 O O m™MH~O —0 o~ - b4 -~ X -~ ~<u O = 10 DO T\ ©
Z O O wed+O2 +2 > < . x . > Ot~ = O a0 ~O ~—a _I
N - [T, NEO~ O~ o —) > - Y - D ened = X O NN Q)
X X Try -~ -t O P e Ol e < -4 b | - =X X~LOD~XOXY O
e ammm Y Y ~Z mZXZZ O ~—_} = >=r) ) = e~ > e >NZZYIC U - O eZ0Z) Z
D> > ] o o¥) ¢ T eyl Q eI » ~xOxXY o 2 *E ~3 XX ~> OXul o= = O ~— e ori—— —
=Nt =D X W DL NHIZWOZT~ = O D200 2F XD >0 T~ W > WINLIIIOD -
VNL et~ L _J~_Jet=D = 20 © ~IEHII e ~ XM~ IHHUD-OH W Wire = TWIEUI WO
D >O>E @ o> ertd> O~~~ o Jli~ 1§ O AN Z == >t -~ o ey A=1HD0O A > e > e >>D>
20X Z200MMImM VIrZ>> = o ZE e~ LE QOHE> Y —~a>= ~~uind 20 ZNOZ~OZZ 2
N N WYY YO Y *™MDAFTTAT A N> QU —~ X O3 OM> T a~amaS - X*r Y0 -a
NHNIEHH il =~ N~y O— FOHNXLX=DI~O NI~ XX~ I~ )>—w T D A NJ-NJddde [ry]
I WY~ 2Z- ~h ey J X S ~~lL Y-Zu O J 3 JA4Zu
O>0M>»F0LUMULOIULODOU DU QWD > >>> D M—wZ U FTO > > U >OQ > >l QOO AL OACLOICILIOO =
D=L DALY YO D Z Z T =3 TXIXXOXOVULCIQAXCIXY~Y DXX I D0OOD~ILY FURBNS [ e[S la]SI1S18) u
<< [¥Y) | o aQ - Q
u - (O] (@) z Z Z 0O
(V2] ~ w X w Z
o o o D o > D D > o > T D D0 D02 wd
- N 0 n Fo] ~ b eI )} 2 - N g TN O
O~ - O O —~ (S ] -t — - N ON NOOLOLON NN NNNO OO

NODTHO~DROANMNT N IO N 0N\
ettt et = DN NN ON NN NN DN N ) ) )
e R R R R R e R e R e R R e e e B e P P

x 567890123“5675901234567890123“507890123“5678
NN NTIITTITITTITINDD DHHODODNDO OOV OO OO0 OIS~
T e A et ol et ol ot o ot ol ) e et it et o oo ) i e ) el e e e oef el —f et

v
e e ey S Y

Ba

B

—

’




- 37 -

w
=
(@]
-
-4
- ¢
(@]
o
L ]
w
Z >
L4 -y
—~{al & ™M N
Nz -
—2> < BN
az2z2 z < Z
T x -~ ~
~d4D X DD
A L - 0
udgdu J Quiow Z
—OX rw ZXFTXx ul
b4
—
N o o
Q =
2 QOO M O

PO~ T NDNOD IOt
SVDDVO0VIDVVDDVIID
et et o ) o f g —f e et — —4

IT IS

F
P
I E223 2223322 SR RS SRS R RS AL RS

* MINIMAL DEGREE PIVOTING FOR NO?-%YMQEIEIS M:I§£§*:
C #2apat b s ad bk kR Rk kR Kk 233
“T;E ROUTINE SELECTS PIVOT BY MINIMAL DEGREE,

USED BY THE ROUTINE LECO1,

C *xrkknxesr®k

¢

125“.367..0Q..O.I.«C.Jubb7890123“567690126Qb6
DODD DO DD Ittt st et d = =4 I\ NN NN N NN ) 40 W) ) ) 1)
D2ODDIDIIDIIDIDIDIDIDDDODDDODIDOOOD D2DDDDDIDIITIDIDIDIDIDIDODD

DOV

o) pd
2] [+ 4
e}
2 —
[ 4
x
o
D =
@
—~e—
222X o —
o——xu) '
WUXO~-Z -
ZAd> . +

N~ XD2Z2Z
ol

=] ey
=i~ oOn
—

L XOXu Y=
Y X Y 2

SUORT AVAILABLE ROwWS BY DEGREE

o -
-4 -4
]
o )
——t o~ —
+ W )
O~ ——
O + N
X -~ -l
— — g ) —~ o

Z Z~ AOWZ~Z A~uXY
- O D ety o4 &y amy N4

O =yl =D~y |l
I Y xJHill H—x-ill

AN nag » MMHIaow -~
DD~ XND~D [§V"4
FDIDUDHN=X O —
— - ~— g ~ (Y
QuUO~IT NL UOWO ~N"NUA

SORT AVAILABLE COLUMNS BY DEGREE

L] a— o~
Z Z~ e~Dul
- « D ed o4
— Dt~ —4]
H N OJdll
0N -
- ZN~
D~D ~ YN
VI~

OO =T Nl W

DAL LAY LY D DL =~
> 2 2 = =] =
g n o [ ® 1S 1S B o] >

NONO—NIND T N IOMTH
MMM IIFITIITITIIZ
DDIIDIDDIDIDII2DDIDIDIDIDD




-4
]
o o~
1
g —t
ZIZ ~+~—
- o —to~ig)
N =t~ (o=
=il D~-y
D DO~
I row
D Ot 2t~
O~ N
D=t

QuiO ~Mwl
DD Y X X

o
o
-—d
b
(S ~ O
@ L =} o
L & ] n -~ —t
W) -~ - — N
w) a o !
I O o -— o
Wl O DO~ - a Lo
E R - - — [ Y] -
[+ 4 < OoNa o~ [=le} 23 O~ o0
(L] w O « T~ ~NO D~ o O~ O o
W w ZoH - - DO = 4 N N o
=) ——— - -~ —~Q o0 N -~ - ~N
uw #* o Da os Z+ o« o= .
- Cc ~00 - - O~ o —— p—C o
< —~92Z 7,) . —%D - v . -
< P | - Z o O -0 jo 1o 0} Ob=
— O ~~p T Oa DI O~ o g OJd o
z — A XO D - . S~ O - . O
— —~— = XD e _) —_ —_— —C - =z —_— —— ‘
- = XU G« DI~~ O 1< a~ ~i] -~ o Qg a~ -
X DD Z ~ea O~ D7) ~ZYw Py | x o~ x?d) ~2Z
x N —— e XY D V= e e o~ = V= e
"n o » LY = 2V W ~ eX DI~ ok LX) DO ~ eXDFE~ oL X+
e * 24 X Z e~ I DAL ID~> -0V ANDI+OAN I 2ALCII~ I
- Z e W X b QeSS AR W) > 02 e mOX ) ot = O eSS A =) > o
Mo D e —_ [ate) OO> e Y > e DA ~~NDIXxD 20 EO> ok 4 > «MHIHIVH
X ~N " nt IHzz z D oM D oo« Y x "HOD Do zZz M xMH o xHda 4
R B § | 1en X e - H ==l ~~l~ll~Hill i~ = — H =l -~
[ S | > al O % 1n N " > a 1" 1 H
A a4 XOxXVIXTY 4+ Olulu I S W20 ULl AN XXYOQ0OVWOUD I ZT LWZIOZT L ~—l
M == DDDD) Ztt D DL IS OL DN LA A ALY D I~ ID ) DAL DL I~ L
- — x o 4
— wn < L= ¢
Z - -l @S
= T — D wn =) o0 > > N o o Yo} o
— N b Fn O ~ 0 D N
—O VD VOO~ DOV — —t ot — — VOOV~ — o o
O DODANM TN I TDRNC ~ONN 45675901254b078901).5“.36./890123“567890123“..D
DOHNDNDO2L00D000~ ~ NSNS TS LCCIOI VI OVVTDIIDIDRIRNIINRNI NI DO DD DD et rd o—d e =t
POTOIDIDDIDDITIDDODTITDIIDDDDDIDDIDDDD DD DD DD DD DD DD D et b b b ot ot 4 —4 it ol e ef e =

———— e ——— -

s

——— g




-39 -

wd
-}
[s 8]
<
. |
—t
<
>
<
3
-~ o
- [+ 4
] u o
—~ n
-t [ ] N
xXo x
— el - @]
ON o ¢ 4 -
o E 4 X o
20 N - O
~— — 3] (&4
»* o >0
—_~D aad QZ4— -~
- =z x
1 (@] woo x
—~— [ xao .
a x - o] w
xo faye 4 -~ ~ZZ
D P | O De-s
- . o W) erm~
xw Dett=—x D> LTZO3I11D
QD A N=+OQAN NI~
Z e XN o+t = s X
~NDD ] 4 Z0Nx D0
P4 2 DO T N
=il =~ -~ LO-N~-

> Qa x
Al XX 0O XO I uou
Xt X4 D DmDO  Ob=r

O~V DA TN OMCT RN TN
et et NN N NN NNN NN )
B e e e e L Lo B b R i ke e B B B |

o
~
N
o
-
o
O o
N 9
(@] P
- Q
—~ Y~
Qr or
O~ W)~
o 4 ZZO
~Qx L (e B
— g vt~

“J

- b} s
DU LW~ DU
al ND O ND
ema~N 200~~~ Z
DDA DA Pt Yt Doy
et e o T\] e st e
o dog VO Z
4 03020202ua200
rtrd—d D) Yttt D)

N
RETURN

25U
260
END

27U
26V

MINODIIDEdNIM TN O
MNNNOINNNTTTITTTY
ettt e ettt — ]y

* %
* *
*0»
*0e
*O »
#O %
L VR
*QC »*
~% %
— D
~ ) #*
b of° YOS
- %< %
- %X %
(X JVIR 3
- Z %
~ % L1 #*
W #O »
sl W *
Py LR
N~ Z %
(2o E Jo K
et 22K
—~Z D%
ol % #» =)
Z «%#X &% 2]
X XORY
.t BNy B -~ o
<~ 3% % - -
al < ¥ L)
[T E 3 X 3 ~ o
-—d %) W <
Q~ %ra % — -
TEOX % (L) -
~tL #— % O~ N
R IR A -
O~ %ZF % gd--WO
Wed 9 Z & + O
D 9 > % ~p L o Lo
ZA N % ~eXules F
Z#Z n Z=N0O I+ -
wl #On ® oo oall) o ommm~F
ZZAZ % ~ADD ~A0O~MMLDN~NOE »
D % % - 11" Nl dd 1 K]
imepdod AL LN TR N € a a3
dN*ENR O xQzE 1t
OZRHO# T ~em o= O omemp=T e |
Xl # 0 * T Ot =L N~
DT = ¥ 1 orr e e ~r ~rliy) —
D=t 3 O # Q0D 0000 A WEAD~
NI 0O #* ZTF0U LLlULDULX~ESDI
L INE <<
* % w
* * o |
* % W 8]
r I c

pe] 2
— N

C
C
C
C

NN IFITNONOT OANNI FTNDONDNO ~
DD DODDID DD emd vt ot v=f v vd o= = =i \J A\J
DODDIDIOIDID ODDIDDODDIDIODOOD




- 40 -
S AND CHECK PIVOT MAGNITUDE
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Jol SUBROUTINE SSLV(MDeXx2Y)
Ju2 DIMENSION MD(1)ex(1)eY(1)
Jus C ok ko A0k o ok 0 g 0 A R R o i o a0 ol o o O R ok g R K K
Jud C » BACKSUUSTITUTION FOR SYMMETRIC DECOMPOSED MATRIX =»
uus E EKRREAE AR RN g R Rk R KRR Rk R R R R R R Rk kKRR XK
uue

o7 N = MD(1)

Joa D0 1U I=1eN

uu9 lu Y(I) = x(1)

ulo CALL SVRI

Jll . I = .

U1z C FORWARD BACKSUBSTITUTION

Ul 2V CALL SVRF(L2»2)

Jlu 1 = I+1

ulb L2 = =L2

Jle S = Y(L2)

Jl7 Su CALL SVRF(LZoé)

ula IF (L2.,LT.0) GO TO 40

uly Y(L2) = Y(L2)=2%S

ucy 60 10 3u

uel 40 IF (1,LT.N) 6O TO 2y

J22  C BACKWARL BACKSUBSTITUTION

Jed o]} CALL SVRB(L202)

uech I = il=1

ued J = =L

Jeo Y(J) = y(J)rs2

uev oy CALL SVRn(széé

ved IF (L2,LT.0) TO 70

Uey Y(J) = Y(J)=22xY(L2)

VRTY) VO TOU 6y

ull 7u IF (I.6T.u) 60 TU 5u

Va2 RETURN

J3i3

U 34 tND

SyBHUUIlNE NSLV(MDeXe Yo AN)

VDIMENSION MD(1)ex(1l)eY(1)0sANC(])

C ook o R Ko AR g 0 3 o ok R RO K K ok ok ok o
C * BACKSUBSTITUTION FOR NONSYMMETRIC DECOMPOSED MATRIX =
C F3adasn sk n ek kAR R a KRR AR AR AR R R RN Rk R KR K&

EQUIVALENCE (KS»S)
N = MD(1)

8 SAVE RIGHT SIDE

U0 10U I=1.N
U AN(L) = X(I)

INITIALIZE FILES
CALL NVRI
1 =
C J =0
C SOLVE LOWER TRIANGULAR SYSTEM

cccccCccccoccoccocccococcoccocccoa
oleleld

NI pat s e e C COC CCCCC
FOOCENOUNMEGCNDFC LI NT O ECN-

et e T e e S ‘. e I — - -
e ¥ .
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CALL NVRF(K4,S)

IF (K4 ,0T7,0) GO TO 30
I = I+}

K4 = =K4

K3 = =KS

Y(K4) = AN(KJI)

IF (I,GE.N) GO TO 40
01 = AN(K3)

60 10 20

AN(KY4) = AN(KYH)=D1%*S
G0 10 2uU

SOLVE UPPtR TRIANGULAR SYSTEM

CALL NVRB(K4,S)
IF (SQ.GT.U) GO 70 50
= J+

J 1

IF (JoNEt,1) (IX) = Y(Ix)/D1
IF (J.6GT,N) GO TO 60

IX = =Ky

06 =S

60 10 4y

Y(IX) = Y(IX)=SxY (Ky)

GV TO 4o

RETURN

END

s . s % ———
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COGANRN NN A NN AN e s - COCCCCOCCC
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ccccccc
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2 1/0 Programs:

Ap bR KRk Rk KRRk K Rk
* /70 ROUTINE FOR DECOMPOSITION PROCESSES =
AR RAR KA KRR R R Rk Rk Rk KRk kK gk

SUBROUTINE Dwl
THE OECUMPOSITION PROCESS GENERATES AN _ARRAY OF

POSITIVE INTEGERS, THIS PROGRAM PROVIDES A ByUFFERED
INPUT/OUTPUT USING FILE 10, THE ENTRIES  ARE Xs FOLLOWS:

Dwl = INITIALIZE FOR WRITE

DWéK) - WRITE K AS NEXT ENTRY

OwE - TERMINATE WRITING

ORI = INlTlALI%E FOR READ

DR(K) = READ WNEXT ENTRY K
Ix IS THE BUFFER SIZE

PARAMETER IX = 250

VDIMENSICN IB(IX)

AR kR RS Rk Rk Ak ok kKK
* INITIALIZE FOR WRITING =
KERKEERR KRR R kKR gk Rk kxR k%

J =1
REWIND 1u
RETURN

ENTRY Ow(K)
FREKRRRREERNRRR KRR KR KK
* WRITE NEXT ENTRY K *
PARKERRRRERRR KRR RERR KR

) RETURN
I

ENTRY DwE
(222 ESE SRS RS2SRSS R T

* TERMINATE WRITING =
AEEAREERRRRKRE KR KR KKK

IF _(JoNE,1) WRITE
RETURN

ENTRY DRI
2 2SS RR SRS S22 S TY
*» INITIALIZE READ=-IN =
KRR ERESRE R KKK KK K kR KK

REWIND 1v

J = IX

RETURN

ENTRY DR(K)
FARERRRR R KRR R RN R RN
* READ NEXT ENTRY K «
I TP R IR L L P

J

(10) I3

J+l
(JolLb,IX
U (10) I

1
1B (V)
URN

1F ) GO TO 10
RE 8

J
K
R

=Sz

3
EnD
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71l C
, u7e ENTRY SVRF(ALl/,A2)
| 73 C Xaadaddrbngdbdabkbhkanrnt
U774 C * READ NEXT ENTRY Al,A2 %
u7s C X248 0behnphahkunkakkky
U76 C
u77 J = Jt]
J78 IF (J,LE.MX) GO TO 10
u79 M = M+}
usu READ (11'm) o
Qul J =1
JH2 lu Al = B(l,J)
B3 A2 = B(20J)
ual R RETURN
uss C
Udoe ENTRY SVRE(AL,A2)
us7? C ko ok Rk ok oo Kok ok ko ko Kok kK
us8 C * READ PREVIOUS ENTRY A1sA2 «
Ja9 C k2 kdd b nnbhaahhhhkhkhRRRkE
9y C
U9l IF (J.GT.U0) 60 TO 20
u9e M = M=t
TOR) READ (11'm) O
U994 = MX
) ug9s  2u Al = B(lsJ)
J9e A2 = B(2:9)
Jy? J = Jd=]
Jys RETURN
uYy9 C
100 END

e e —— - g . -
o s O - e R e T




ccccccoccoccoccoccc
———-—cocoocccccacco
G~ COENOUTEGN -

CCCCC cCccoccCccoccocococococcocccocccocococccecc
FEELEOC (0 OO e GG N AU R RC UL PURC AU b 0 4t s b s
GIN—OL ANCUEWNFOCENCUT ELRN—OLCT~NCUE

ccccoccc
£EFrEESE
LCoO~NC UFE

oOCOO0O OO OCOOOOOCOOOOCO0r OO0

cCoOocO o

CcCcoOoC O

- 46 -
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* I/0 ROUTINE FOR NONSYMMETRIC DECOMPOSED MATRIX =

I I I T I I I T o
SUBROUT Link N%WI

THE LOWER AND UPPER TRIANGULAR MATRICES OF THE

DECOMPOSED NUNSYMMETRIC MATRIX ARE CONTAINED IN

FILE 12 AND FILE 13o RESPECTIV LYs» AS RANDOM

ACCESS FILES. THE& IN THE FORM _OF BUFFERED

' LNTRIES ARE AS FOLLOwWS

DOUBLE ARRAYS
NVwé - INITIALI%E FOR WRIT
NVwF (A1,A2) = WRITE Al,A2 AS NEXT ENTRY ON FILE 12
NvwB(A1,A2) - WRITE Al,A2 AS NEXT ENTRY ON FILE 13
NVWE = TERMINAIE WRITING
NVRI = INITIAL éa FOR READ
NVRF (Al1,A2) = READ NEXT ENTRY FROM FILE 12
NVRB(A1,A2) - READ PREVIOUS ENTRY FROM FILE 33
FILE 32 IS READ FORWARD, FILE 13 BACKWARD,
PARAMETER Nx = 100
PARAMETER MXx = 280
PARAMETER MXX = 2xMx ~
Nx IS THE MAXIMUM NUMBER OF RECORDS,
MXX 1S 1HE RECORD SIZE

S
UIMENSIOiN B12(2¢MX)»B13(2,MX)

EEEEERES CRRRRER KT KRN K
* INITIALIZE WRITING =
EREREEREEA R AR R AR RN AKX

NiZ2 = 0

N13 = ¢

Ji12 = 1

Ji13 = 1 i

DEFINE FILE 12(NXxeMxXoUelIXxl2)
Ixle = Ix12

DEFINE FLILE 13(NXeMXXoUrIX13)
Ix1ls = IxX13

RETURN

ENTRY NVWF(A1,A2)

EXERRKRRERRRRA RN KRR N
* WRITE A1,A2 ON FILE 12 =*
AEREARKBREAERE SRR AR R R KR KK
2) = A}

= A2

RETURN

- -

)
)
e
+I
N

xmitnc lll\.i—
p—

“"‘ZNL(_(_

— —e ...._._-

2
2
L
2
2!

12) Blz

m TFCz2-CaTT
C=-
P4

2 MOt Nt s
- == NN

KY NVwB(Al,A2)

K R R K KR K K
* WRITE A1,A2 ON FILE 13 =
AR AR RN RRA RN RNk

= A}
15 = A2

thX) RETURN

—

N13) B13

XECZ=CaOT
00 0 gt s s
= G
T BCUHN—
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ENTRY NVwt
ERRREREERRNE AR AN B R AR

* TERMINATE WRITING =
T T eI e R T Y

1F (J12 £EG,1) GO TO 10

Nl =S Nie +]

WRITE (12'N12) Bl2
JJ = MX

IF (J13,EQ,1) RETURN
N13 = N1d+i

wRITE (13'N1Y) B13
JJd = J13-1

RETURN

ENTRY NVRI

EARREERERERNRR A KA R R KR
x INITIALIZE READ=-IN =
S LTIy,

N2 = U

NI = N13+1
J2 = MY

Jg = J
RETURN

ENTRY NVRF(AlsAZ2)
ERRERE R R RN R R K Rk kg &Rk
* READ AlsA¢ FROM FILE 12 =x
ERRRRKKRRR R AR R Rk AR

qf = J2+1l
i (JZ Ln.Mx) GO TO 20

NE +1
AD (ld'Na) Rie
J2 = 1
Al = B1le(i,d2)

= B12(2,J2)
RETUHN

ENTRY NVRB(Al,A2)
ARERAREI R RRR RN R AR R kAR RN X

* READ PREVIOUS ENTRY Al,A2 FROM FILE 13 =
EERRE KRR R RN R R R R AR KRR KR KK

IF (JS.GT.O) GO TO 3v

N3 = N3=]1

READ (13'N3) B1)

42 = MX.

IF (N3,EQ,N13) J3 = JJ
Al = Bl3(1,J3)

A2 = B13(2/,J3)

J3 = J3-1

RETURN

eEnD
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