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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 systans 
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 EQUATIONS^ 

by 

21 2) Charles K. Mesztenyi ' and Werner C. Rheinboldt ' 

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 

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

(2) FAQ = LU, L = I + L0 , 

where L  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 

C3) P^. = d+L^U. + A., i = 0,1 n 

where the first i rows and i columns of A., the last n-i columns 
i 

of L., and the last n-i rows of U. are zero, respectively. Moreover, 

TO 0       T PP.L. has the same first i columns as L  and U.Q.Q the same first 

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

ary storage. 

Let r](B) denote the number of nonzero elements of any matrix B. 

Then the storage required before and after decomposition is of the order of 

m0 = r](A)  and m2 ■ rifU) + r)(h ), respectively. Furthermore, m, s max.r)(A.) 

is the maximal storage needed for the matrices A.. Clearly, we have 

— v r- 



mn s m. 5 m» and, in practice, it turns out that "Vm  is very much 

larger than m.-m . In fact, sometimes we found m, to be equal to 

m0 (see Section 5). Hence by retaining only the A. 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 S. is the set of nonzero elements of A., 

then for any x € S. we denote by R-(x) and C.(x) the subsets of S. 

consisting of the elements in the same row and column as x, respectively. 

Now,with E-Cx) = R.(x) if |R.(x)| 5|C.(X)| and otherwise E.(x) = CCx), 

the set of potential pivots is given by 

(4)        S° = {x € S.; |a(x)| ? n max |a(z)|}. 
z^Cx) 

Here a(z) is the valuf of the matrix element corresponding to z and 

M- ^ [0,1], a user-defined parameter. The ith pivot is then the element 

x € Si for which (|R. (x) |-1) (|C. (x) |-1) is minimal. Generally, with de- 

creasing n the fill-in decreases while the round-off influence increases, 

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

T 
diagonal and hence that Q = P . In that case each matrix A. is again 

symmetric. If D. is the set of nonzero diagonal elements of A., then 

the ith pivot is the element x of the set 

(5) D. = {z € D.; |a(z)| > ^ max |a(y)|} 
1      ya). 

for which the number of nonzero elements in its row is minimal. 



It is theoretically possible to use the value |i = 0. In that case, 

(4) and (5) show that any nonzero element of S, or D., 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 = {l,2,...,n} and let S c 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+1 to n+m, m = |S|, that is, we introduce a 

bijective mapping 

(6) v: S -•■ {n+1,... ,n+m} . 

Now define two integer arrays   RY   and   Of   each of length   n+m    in 

which the relative addresses   n+1,...,n+m   correspond to the elements of   S 

in the order provided by   v.    The images   v(R.)    of the row sets 

Ri = {(i,k) € S; some k € N}, i € N 

form a partition of {n+1 n+m}. For any set v(R.) = {i-,...,!,} we link 

the locations 1,1,»i,»...,!^ into a circular list 

(7) i1 = RYCi), ij+1 - RY(i.), j = l,...,k-l, i = R(ik) 

where for practical reasons 

—^-—TU"";— -w - 
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(8) 

5 - 

ij > i2 > ... >ik > i 

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

C " {(k,j) € S; some k € N}, j 6 N 

in the array CY. 

In order to store 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 

RY 10 8 9 7 3 1 4 2 5 6 

CY 5 7 9 10 1 2 6 3 8 4 

A * * * * -1 1 -2 5 2 3 

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 spars ity 

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

"*./" 
/ 
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v: S -♦ {1,2,... ,m}, v(i,i) ■ i,i=l 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 

0 2 0 -2 

1 0 3 0 
0 -2 0 4 

loc i 2 3 4 5 6 

RY 5 6 3 4 1 2 

CY 1 2 5 6 3 4 

A 1 2 3 4 -1 -2 

During decomposition, this storage arrangement is used for the matrices 

A., i - 0,...,n. When a nonzero element of A. remains in A.+, its posi- 

tion in the RY,CY,AY arrays is maintained. After each pivoting step the 

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- 

taiiiing these elanents 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/O 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 

c r 

. ^l^c 

h'ei  i 

f 
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where i  and i  are the column- and row-index, respectively, of the 

pivot (stored negatively) and j- represents the row index and t.     ■ 
1 1*1-1- 

■'i   c 
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 

Ji.u Vj. 

^'"i   i K   V-'k 
-VPi c 

Here    i      is the column index of the pivot and   p.    its value, while 

j.,u.    .      denote the column index and value, respectively, of each non- 
i   VJi 

zero elanent 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 

columns of   L    in consecutive order, each one in the form 

d   M 
jl^i    i 1   h' d 

Mi    i k   ^k^d 
■id»d. 

M 

-_;■" * VIM.
1
. 
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Here   i,    is the index of the pivot (on the diagonal) and   d.    its value 

and   j.,r have the previous meaning.    The header at the beginning 
1   ^i^d 

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: 

Horu>i}m<i£iLc Ca&e.: 

V V V kc' xi' h* '" ' \ ' h c       c 

V >Vmi \'\ 
^1*  ^2'  "'  * ^t 

i relative location of the pivot in the RY.CY arrays 

i , ir the column- and row-index of the pivot, respectively 

k , k  the number of nonzero elements in the pivot-column and pivot- 

row, respectively 

x., j. 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 

t- relative locations of the elements in A. which must be 

modified at the step, t ■ k • k r»    c  r 
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SymrmtfUc Caae.: 

i. k, y1, m1,  ...   , yk, m^ 

h h 

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 (y.,m.) as in the nonsymmetric 

case 

I.       the relative locations of the elements in A. to be modified, 
J i 

t = k(k-l) 

4. Description of the Programs 

The package consists of four groups of subroutines with names INT, BID, 

DEC, and SLV; in addition, there is a pivot selection routine PVT01 for 

the nonsymmetric case and a set of I/O routines for interface with the random 

storage device. 

The INT programs initialize the storage area and have to be called first. 

The BID 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 

--_••" "HRP  
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of the files used. The BID 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 BID routine 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, BID, DEC group 

are ending with one of the numerals 0, 1 or 01. This indicates the follow- 

ing alternatives: 

0 - Initialize or build 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; for nonsymmetric 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 structure. 

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 decomposition. 

The pivot selection for the nonsymmetric case is performed by the rou- 

tine PVT01. For the symmetric case, pivot selection is incorporated within 

the routines SDECO and SDEC01. 

i—w---—, — ■ 
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4.1   Catalog of Subroutines:    In this subsection we list 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. 

SINTOl 01D,FD,RY,CY,A,AN,ND) 

Initialize the sparsity structure arrays and the coefficient 

array of a symmetric matrix. 

SINTI (MD,FD, AN) 

Initialize the coefficient array of a symmetric matrix. 

NINT01(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. 

BID - Routines 

All routines add a matrix element with value V, row index I, and 

column 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. 

-■■•-:  i  -TT-** •-■■  —-r:    _; , ,   l ,- _, 1 __ ^—^„r ^. 
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SBLDO(I,J,MD,RY,CY,ND) 

Insert element (IjJ) into the sparsity structure arrays of a 

symmetric matrix. 

SBLD01(I,J,V,MD,FD,RY,Gf,A,AN,ND) 

Insert element {1,3) into the sparsity structure arrays of a 

symmetric matrix and a corresponding value   V   into the coeffi- 

cient array. 

SBLD1(I,J,V,MD,FD,A,AN) 

Associate a value V to element {1,3)  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 SBLD01. 

NBIJ)01(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 NBLD01. 

r-^. — ■*• 1 ~— ' -*~-w-,--  -w 
... 
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DliC - 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 O1D(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. 

NDEC01OlD,FD,RY,CY,A,AN,NDR,NDC,IPR,IPC,IE,IH,NGl,Nu2) 

Decompose a given nonsymmetric matrix and optionally CMD(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 

PVT01(I,N,IX,KR,KC,F,RY,CY,A,IPR,IPC,NDR,NIX:,IE,IH) 

Select the next pivot by the minimal degree algorithm during the 

decomposition of a nonsymmetric matrix.    The routine is used by 

NDEC01. 

■-r-*—    -*■ ,, .„,,! „-,- —r^r - --^r- -..  * 1.. _—^^ 
""V^:"* #■■ 
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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. 

NSLV01D,X,Y,AN) 

Return the solution Y of the nonsyinmetric system with right 

side in X. 

I/O - Routines 

The I/O routines for communication 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 I/O 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 I/O of symnetric decomposed matrix (array of pairs) 

SVWI    - Initialize for writing. 

SVW(^,s) - Write (*,s) as next entry of the array, «-signed integer, 

s-real. 

-_•,•• ■ -~.,.. —•—>~ 
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SVWH    - Terminate writing. 

SVRI    - Initialize for reading (forward). 

SVRF^.s) - Return the next entry of the array in f,   and s. 

SVRB(«,s) - Return the previous entry of the array in t   and s. 

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

NVWI    - Initialize both files for writing. 

NVWF(«,s) - Write (*,s) as next entry of the L-array («-signed 

integer, s-real). 

NVWB(«,s) - Write («,s) as next entry of the U-array. 

NVWE    - Terminate writing of both files. 

NVRI    - Initialize for reading, file L forward, file U 

backward. 

NVRF(^,s) - Return next entry of L-array in («,s). 

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

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

various main routines: 

Table 1 
I/O Routine Usage 

WR SVMt                   NVNR 
OecCBf»sition Symmetrie Nonsytimetric 

Record Dec. Matrix Dec. Matrix 
File 10 FUe II Files 12, 13 

Vrlte | RMd Write Read Write Read 

SDGCO X 

SDBC01 t     . X 

SDBC1 X X 

SSLV X 

MSCOl t     | X 

NDBCl X X 

NSLV X 

X • routine used 

t - use is optional, depending on user's request 

I 
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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 

MD(I),  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 

summarized 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 DEC01 program does not 

produce a decomposition record; for any nonzero value 

of MD(3) such a record is generated. 



MD(4) 

MD(8) 

FD - Array 

FD(1) 

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. 

MD(5) In the nonsymmetric case equal to MO + N where   MO    is the 

number 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. 

MD(6) 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. 

MD(7) 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. 

FD(2) Initial input by the user containing the pivot selection 

parameter   \i. 

FD(3) Largest coefficient value in magnitude in the original 

matrix.    Initialized by the INT routines and updated by the 

BLD routines. 

3 

rj  
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FD(4) Largest coefficient value in magnitude encountered during 

decomposition, calculated by the DEC routines. 

FD(5) Natural logarithm 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   I^   norms 

of the row vectors of the original matrix calculated by 

the DEC routines. 

Data Arrays 

RY(MX),CY(MX) Integer arrays for the sparsity structure.    Their 

length MX is specified by MD(2). 

A (MX) Real array for the values of the nonzero matrix 

elements. 

AN(N) Real array of length N (see MD(1)) used to collect 

row-vector norms of the matrix. 

ND(N) For symmetric A. 

NDR(N),NDCCN) For nonsynaetric A. Integer arrays of length N 

containing the number of nonzero elements by row 

(or column). 

IE(N),IH(N) For any matrix. 

IP(N) For symmetric matrices. 

IPR(N),IPC(N) 1      For nonsymmetric matrices. Temporary arrays of 

NG1(N),NG2(N) J      length   N. 

-^-r^T' -   -w- 
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Ijccept for the last seven tomporary arrays all data arrays are 

initialized in the appropriate INT routines. All integer arrays are used 

only for storing nonnegative integers. Thus for particular computers 

these arrays could be packed together. 

N^ I J V MD FD RY Of A AN ND IP IE IH X Y 

Prograi^ 

I 

1 

I 

1 

R 

1 

I 

8 

R 

7 

I 

Ml 

I 

Ml 

R R 

N 

I 

N 

I 

N 

I 

N 

I 

N 

R 

N 

R 

N 

SIOTO - - - US - S s - - S - - - - - 

SINTOl - - - US us s s S S S - - - - - 

SINTI - - - UPS us - - - S - - - - - - 

SBLDO U u - PS - PS PS - - PS - - - - - 

SBLDOl Ü Ü u PS PS PS PS PS ' PS PS - - - - - 

SBLD1 u u u PS PS - - PS PS - - - - - - 

SDECO - - - PS - PT PT - - PT T T T - - 

SDEC01 - - - PS PS PT PT PT PT PT T T T - - 

SDEC1 - - - PS PS - - PT PT - - T - - - 

SSLV - - - PS - - - - - - - - - U 0 

Table 2 

Usage of Arguments in the Syircnetric Case 

(for legend see Table 3) 

*„■—"~- -—r-r-^ -. ~—w- 
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5.    Some Hxperijnental 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 (T..,) and the number of elements after decomposi- 

tion (M-) are essentially the same as reported there. 

The new results presented below concern the maximal in-core storage 

requirement  01-,), the elapsed time for execution of the decomposition routines 

(T,) using a previously generated decomposition record, and the elapsed time 

for execution of the backsubstitution routines  (T^) when the decomposed 

matrices are residing on auxiliary storage.    These times are given below 

relative to the elapsed time (T,,,) for the execution of the decomposition 

programs.    It should be pointed out that for   N    larger 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 (SDEC01, NDEC01). 

The first group of experiments involved nonsyrametric matrix decomposi- 

tions.    As in [1], a special program was used to generate permuted diagon- 

ally dominant random sparse matrices B =  (b..).    Given the dimension   N   of 

B   and a number   Mn   of nonzero elements, the program randomly generates 

NL - N distinct index pairs (i,j), i ^ j,  1 < i,j  5 N, and the corresponding 

matrix elements   b...    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 

%.'  "■  — 
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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 n ■ 0.125 was used. 

Table 4 

Results for Nonsymmetric Random Matrices 

N Mo M1 M2 VT
LU W^U 

50 200 200 375 .255 .068 

50 300 300 632 .218 .041 

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. 

. .    ,- , ^ — ■•-—■ -■-'"■ ——■— ' — ■■■ -c.—i—M«t.- 
--- ■"- *  —^7?— ■-—■—--* - —7-—- "T* -if V--  ...-   .,-.- M;:' ■ -M;.—■i—^w—».--..^^—■ 



23 

I 

Table !  5 

Symmetric Matrix Decomposition 

5-point Formula Mo Mi 
M2 T1/TLU TSc/TLU 

N =    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 Fomiula 

353 353 715 .35 N =    81 .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 

"TTT     " *'   " 
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6.    Prograjn Listings 

6.1 Main Package: 

Uul bUBHÜUTIiMt   SINTO(MDr«Y»CY»ND) 
0U2 ülMtNSIÜN   MD(1 ) rKYd) »CY(1)»N0(1) 
Ü03 IMtGER   RY»CY 
JOU C ***************************************** 
JÜb C ♦ INITIALIZE SYMMETRIC STRUCTURE ARRAYS * 
üü6 C ***************************************** 
ÜÜ7 C 
ÜU8 N = MD(1) 
ÜÜ9 MD(b) = N 
ülO UÜ 10 I=1»N 
OH RY(i) = I 
012 CY(i) = I 
üii lu    iMD(l) = 1 
UlU RETURN 
015 END 

001 SUBROUTINE SINT01(MD»FD»RY»CY»A»AN»ND) 
0U2 DIMENSION MÜ (1 ) r FD (1 ) ,RY ( D »CY (1 ) » A (1 ) , AIM (1 ) ,ND( 1 ) 
003 INTEGER RY»CY 
00<4 C   ********************************************************* 
00b C   ♦   INITIALIZE   SYMMETRIC   STRUCTURE   AND   COEFFICIENT   ARRAYS   ♦ 
JU6 C ********************************************************* 
007 C 
008 N = MD(1) 
009 
010 
Oil 
012 
013 
am 
015   10 
016 
017 

MD(5) = N 
FU(3) = Ü. 
DO 10 I: :l»N 
AMI) = 0. 
RYlI) = 1 
CY(I) = I 
ND(I) = 1 
RETURN 
END 

UOl SUBROUTINE SINT11MD»FD»AN) 
002 DIMENSION MD(1)»FD(1)»AN(1) 
003 C ****************************************** 
00^ C ♦ INITIALIZE SYMMETRIC COEFFICIENT ARRAY * 
005 C ****************************************** 
Ü06 C 
007 N = MD(1) 
ÜÜ8 MD(5) = N 
009 FD(3) = 0. 
ülO Mü = MD{5) 
Oil DO 10 I=1»N 
Ü12 10    AN(I» = U. 
J13        RETURN 
Ü14        tND 
015 C 

* 
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UU1 
üü2 

ÜU'* 
üUb 
UUb 
ÜÜ7 
JUd 
Ü09 
UlÜ 
üll 

um 
Jlb 
Ulb 
017 
Old 

SUdHÜUTlNE NINTül(MD»FD»RY«CY»ANfNOK»NÜC) 
ÜIMtNSION Mü(l)»FD(1)»RY(1)fCY(l)»NDR(1),NUC(1).AN(1) 
iNTtGtH tn»cr 

*   iNlTlALlZt NONSYMMtTRIC STRUCTURE ANÜ COEFFICIENT ARRAYS * 
************************************************************ 

iu 

IN   =   MD (1) 
MD (b) =   IM 
FU(3) =   U. 
UO   10 1 = 1 »N 
ANi 1 
KY ( I i{- 
NÄR(I) 

=   1 
=   ü 

IMDC ( 1 ) =   i) 
RETURN 
END 

üül 
ÜÜ2 
üdä 
uo^ 
üüb 
JUb 
üu7 
üud 
üUS 
ülü 
üll 
012 
015 

lü 

bÜÖKOOTliMt N1KT1(MÜ,FÜ»AN) 
ÜIMtNSIOiN Mü(l ) »FD(1) rANd ) 

****4*********^***^^t************************ 
*   INITIALIZE NONSYMNiLTRlC COEFFICIENT AKHAY * 
**M**^* 4^****** ^* ******************* ********** 

IM = MD (1) 
MU(b) = N 
FÜ(3) = U. 
UU lü I=1»N 
AN(1) = ü. 
RETURN 
LNU 

§ 

uul SübROUTIiME   bbLOü( I'orMD^RYrCYrND) 
Üü2 UIML.MSIÜN   Mü(l) »KYCD »CY(1) »ND(1) 
Uü3 INTEGER   KY»CY 
üüu C   *********************************** 
üüb C ♦ BU1LU SYMMETRIC STRUCTURE ARRAY * 
Üüb C *********************************** 
üü7 C 
Üüd Lh    (I.EU.J) RETURN 
Uüy Mü(b* = MU(b)+l 
ülü '"lü = MO(b) 
Üll ND(I> = N0(I)+1 
Ü12 IMD<J) = .MU(J)+1 
Old II- (I.GT.J) GO TU IU 
Ül*+ KY(MÜ) = HY( I ) 
Ülb CY(Mü) = CY(J) 
Ü1G RY(i) = MU 
017 CY(J) = MU 
Üld RETURN 
üiy lü    RYUiü) = RY( J) 
0Z0 CYCNiU) = CY(I) 
Ü21 RY(J) = MU 
Ü22 CY(i) = MO 
Ü23 RETURN 
024 END 

rm—»ry "nmof 



- 26 

üUl bUöKÜUTlNE. SäLD01(I»J»V»MD»FD,RY»CY»A»AN,ND) 
ÜU2 DIMLNSION MD(1)»FD (1)»RY(1)»CY(1).A(1)»AN(1) »ND(1) 
UÜ3 iNTtüFR HYfCY 
UU4 C **************************************************** 
ÜÜ5 C ♦ BUILD SYMMETRIC STRUCTURE AND COEFFICIENT ARRAYS ♦ 
ÜU6 C **************************************************** 
ÜU7 C 
JÜ6 S = V**2 
UÜ9 FD(i) = AMAXl(FDl3)»ABSiV)) 
J1U AN(1) = AN(I)+S 
dll IF (I.EQ.J) GO TO 2ü 
U12 MD(b) = MU(b)+l 
üi3 MO = MD(5) 
jm A(MU) = V 
U15 Ahi(J) = AN(J)+S 
Üi6 ND(i) = NLMDn 
017 iN(D(J) = NU(J) + 1 
018 IF (I.GT.J) GO TO 10 
019 KY(MO) = HYd) 
020 CY(MO) = CY(J) 
021 KY(I) = MO 
022 CY(J) = MO 
Otii KETUKN 
Ü2<* 10    KY(MO) = RY(J) 
02b CY(MO) = CYU) 
02b Hy(J) = Mu 
027 CY(1) = MO 
028 RETURN 
029 20    A(I) = V 
OdO KETORN 
031 END 

001 SUBHOUTlNt SdLDl(I»J» V »ML)»FD» A» AN ) 
002 DIMENSION MD(1)tFO(1)»A(1)»AN(1) 
003 C ************************************* 
OOU C ♦ dUlLD SYMMETRIC COEFFICIENT ARRAY * 
jOb C ************************************* 
006 C 
007 b = V**2 
006 FD(3) = AMAXl(FD(3)»ABSm ) 
009 AN(I) = AN(I)+S 
010 IF (I.EQ.J) GO TO 10 
Oil         MD(b) = MD(b)+l 
012 Mo = MD(b) 
013 rt(Mü) = V 
Om AN(J) = AN(J)-»-S 
Ulb RETURN 
016 10    All) = V 
017 RETURN 
018 END 
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(JUl SUHHOUTlNt NBLD01(I»J»V»MD»FD,RY»CY,A,AN,NDf<»NDC) 
UÜ2 DIMtNSION MD(1)»FD(1)»RY(1)»CY(1)»A(l),NOR<l)»NDC(l)»AN(1) 
UU3 iNTtöER KY»CY 
J04 C *»♦»♦*♦»♦♦♦♦»♦♦♦♦♦♦♦♦»♦»♦♦♦♦♦*♦»**♦♦♦♦♦♦♦♦»♦♦♦♦♦♦*♦♦♦♦* 
OUb C ♦ BUILD NÜNSYWMETRIC STRUCTURE AND COEFFICIENT ARRAYS ♦ 
Uüb C ♦♦♦♦♦»*»♦♦♦»♦♦♦♦♦*♦♦♦♦♦»**♦♦*♦♦♦**♦♦♦♦♦♦♦**♦♦*♦♦**♦♦*♦♦ 
007 C 
OUÖ MD(b) = Mü(5)+1 
JOS* Mü = MD(b) 
O10 RY(N'O) = RY(I) 
Oil CY(NiU) = tY(J) 
012 KY<I) = MÜ 
013 CY(J) = MO 
014 NDK(I) = NDK(I)+1 
01b NDC(J) = NüC(J)+l 
016 A(MU) = V 
017 AN(I) = AN(I)+y**2 
Olö Fü(J) = AMAXi(FD(3)»ABS(Vn 
019 HtTuRN 
U20 END 

SUBROUTINE NdLDK I»J»V»MD»FDr A» AN) 
ÜIMENSIÜN Mü(l)»FÜ(1),A(1)»AN(1) 

oul 
0 02 _      , .. .  
00.5 C »♦**♦»♦♦♦♦**♦»♦»♦♦*♦♦**»♦*♦»»*♦♦♦*♦♦*♦«*♦♦*♦♦»»♦♦♦♦♦♦♦ 
OüH C * dUiLU NÜNSYNiMLTKIC COEFFICIENT ARRAY ♦ 
Oub C *»♦*♦**♦*♦♦♦♦♦♦♦♦♦*♦♦*♦♦♦♦*»*♦♦*♦***.♦*♦*♦♦*♦*♦♦*»**»*♦ 
006 C 
007 AN(1) = AN(I)+V**2 
0 06 MÜ(b) = MU(b)+l 
ooy l^io = Viü(b) 
O10 A'Mu) = V 
Uli FÜ(3) = AMAX1(FD(3)»AB5(V)) 
012 RETURN 
013 ENü 

ÜU1 
002 
UU3 
004 C 
oub C 
006 C 
007 c 
OÜÖ 
009 
010 
Oil 
U12 
013 
01«+ c 
oib 
016 
017 1 

SUBROUTINE SDECÜ(MD»RY»CY»ND»IP»IE»IH) 
DIMENSION MD(1)»RY(1)»CY(1)»ND(1)»IP(1),IE(1)»IH(1) 
INTEGER RY»CY 

♦ GENERATE SYMMETRIC DECOMPOSITION RECORD ♦ 
******************************************* 

MM = 0 
N = MO(1) 
MU(4) = Ü 
MD(b) = MD(b) 
MÜ(7) = MD(b) 
MD(6) = Ü 

INITIALIZE AUXILIARY FILE FOR WRITING 
CALL Dwl 
DO 10 I=lfN 
IP(I) = 1 

- ■.r~ «.—~—^^ 
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018 C 
019 C LOOP ON PIVOTING 
020 C 
021 UO 2b0 1=1,N 
022 K = 0 
02i IF (I.EO.N) 00 TO 3ü 
024 C 
02b C SELECT PIVOT BY MINIMAL DEGREE 
026 C 
Ü27 iMDX = N+l 
028 00 20 J=IfN 
029 IX = 1P(J) 
030 IF (iMD(IX).GE.NDX) 00 TO 20 
031 NDX = NU(1X) 
032 iY = J 
033 20    CONTINUE 
03'+ IF (I.EQ.iY) GO TO 30 
03b 0 = IP(1Y) 
036 iP(lY) = 1P(I) 
Ü37 IP(1) = 0 

039 C COLLECT THE ROW AND COLUMN OF THE PIVOT 
Ü40 C   ALbO OELETE THEM FROM THE STORAGE 
om C        ,  , 
0H2 30    iX = iP(I) 
043 IF (I.EO.N) GO TO HO 
0^ 1Y1 = 0 
OUb IY = IX 
Oi+6 HO    iY = RY(IY) 
047 IF (IY.E0.1X) GO TO 70 
OHO ll   -   IY 
049 bu    il   = CY(IZ) 
ObO IF (I^.GT.N) GO TO 60 
Obi K = ^+1 
0b2 IE(K) = IY 
0b3 IH(K) : ll 
ObH IMO(IZ) = ND(IZ)-1 „ 
Ubb bO    IF (CYUZ).N£.IY) Gü TO 50 
Ob6 CY(IZ) = CY(IY) 
0b7 CY'. IY) = MM 
Ob6 MM = IY 
Ob9 <JO TO (+0 
ObO 70    IY = CY(IY) 
Obi IF (IY.EU.IX) GO TO 1ÜÜ 
Ob2 IZ = IY 
0b3 lYl = IY 
Ob** 60    IZ = KY(IZ) 
Oob IF (IZ.GT.N) GO TO 90 
Obb K = K+l 
0b7 IE(K) = IY 
Ob8 IH(K) = IZ 
Ob9 ND(IZ) = ND(IZ)-1 
0/0 90    IF IRY(IZ).NE.IY) GO TO 80 
071 RY(1Z) = RY(IY) 
)72 GO TO 70 
Ü73 100   IF (lYl.EQ.O) GO TO 110 
07^ CY(IYI) = MM 
07b MM = CY(1X) 

077 C  MODIFICATION OF THE ROw ELEMENTS 
078 C 
079 C WRITE OUT PIVOT 
080 110   CALL Dw(IX) 
081 CALL ÜW(K) 
Oö2 MD(a) = MU(8)+1+K»*2 
083 IF (K.EO.O) GO TO 260 
08«+ 00 lib J=1,K 
08b CALL DWIIE(J) ) 
086 lib   CALL Dw(lH(J)} 
087 IF (K.EQ.l) GO TO 260 
088 Kl = K-l 
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uwy L 
090 C LOOP FOH THt CROSS-POINT ELEMENTS 
091 C 
0 92 Ü0 240 J=1»K1 
093 Jl = J+1 
094 U = IH(J) 
09b Uu 23Ü JJ=J1»K 
096 J^ = IH(JJ) 
097 U = MIN0(IZ»J2) 
09ti 12 = MAXUdZfJZ) 
099 LI = RYUl 
100 L2 = CY(12) 
101 1^0 IF ((L1,£U.11).0«,(L2,E0,I2)) 
102 IF (Ll.tÜ.L2) GO TO 220 
103 IF (L1.GT.L2) GO TO 130 
m L2 = Cy(L2) 
105 OU 10 120 
10b 130 LI = «YILD 
107 GO 10 120 
loa C INSERTION OF A iMtw NON-ZERO ELEME 
109 140 ND(ll) = NÜ(I1)+1 
110 NÜ(12) = NÜ(I2)+1 
111 MD(7) = Mü(7)+1 

IF (MM Nt.O) GO TO 170 
USE NEw STOHAGE 

112 
113 C 
11<4 Mü(b) = Mü(6)+1 
lib IF (MD(6).LE.MD(2)) GO TO 160 
ilb MD(4) = 0 
117 KETUHN 
118 IbO LI = MD(6) 
119 KY(L1) = KY(ll) 
120 CY(L1) = CY(12) 
121 KY(ll) = LI 
122 CY(12) = LI 
123 üO TO 220 

.,SE AVAILABLE STORAGE 12«+ C 
12b 170 LI = MM 
12b MM = CY(MM) 
127 L3 = 11 
I2d L2 = 12 
129 160 IF (KY(L3).Lr.Ll) GO TO 190 
130 L3 = RY(L3) 
131 GO 10 1Ü0 
132 190 KY(L1) = KY(L3) 
133 KY(L3) = LI 
134 200 IF (CY(L2).LT.L1) Gü TO 210 
13b L2 = CY(L2) 

GO TO 200 13Ü 
137 210 CY(L1) = CY(L2) 
138 CY(L2) = LI 
139 C \ ̂ RITE OUT CROSS-POINT ELEMENT 
140 2^U CALL Drt(Ll) 
141 230 CONTINUE 
142 240 CONIINUE 
143 C  tND OF MODIFlCAriON LOOP 
144 2b0 CON1INUE 
14b C 
146 C  tND OF PIVOTING LOOP 
147 C 
14d CALL DwE 
149 RETURN 
IbO L 
Ibl ENU 

GO   TO   140 

~--r - 
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üul 
0U2 
üU3 
JU^ 
00b 
U06 
OU7 
Ü08 
ÜU9 
010 
Oll 
012 
013 
om 
01b 
016 
017 
01Ö 
019 
020 
021 
022 
023 
0,2 <+ 
02b 
02b 
027 
02ö 
029 
OJÜ 
031 
0 32 
033 
034 
03b 
036 
0J7 
038 
0.59 
0«+Ü 
Ot+l 
042 
04j 
044 
045 
046 
047 
046 
049 
ObO 
Obl 
0b2 
0b3 
0b4 
Obb 
0b6 
Üb7 
0b8 
0b9 
060 
061 
062 

SUBHÜUTlNt SOECUl(MtJ»FD»RY»CY,A,AN»ND,IP,IE,IH) 
DIMENSION Mü(l)»FD(1)»RY(1)»CY(1),NU(1),1P(1),IE(1),IH(1) 
ÜIMtNSIÜN A(1),AN(1) 
INTEGER Ry,CY 

****************** *****'**** ****************** 
* DECOMPOSE  SYMMETRIC   MATRIX   AND OPTIONALLY   * 
♦ GENERATE   DECOMPOSITION  RECORD * 
********************************************* 

N -   MDll) 
0 
0, 
1, 
0, 
0, 

iu 

c 
c 
c 

MD(4) 
FD(b) 
FD(6) 
FD 7) 
FD(4) 
MM = 0 
MO(6) = MD(b) 
MD<7) = MD(b) 
MD(ö) = 0 

INITIALIZE AUXILIARY FILE FOR 
IF (MD(3),NE,0) CALL DWl 
DO 10 I=1»N 
Fü(7) = FD(7)+AL0G(AN(I) ) 
IPU) = I 
FD(7) = 0.5*FD(7) 
CALL SVwi 

WRITING 

C 
C 
C 

lb 

LOOP ON PIVOTING 

DO 2b0 I=1»N 
K = 0 
IF (I.EQ.N) GO TO 30 

btLECT HIVOT BY MINIMAL DEGREE 

NÜX = N+l 
AX = 0, 
ÜÜ lb J=I»N 
IX = 1P(J) 
AX = AMAX1(AX»ABS(A(IX) ) ) 
AX = AX*FD(2) 
DO 20 J=I»N 
IX = 1P(J) 
IF (ABS(A(IX)),LT,Ax) GO TO 20 
IF (iNJD(iX),GE.NDX) GO TO 20 
NDX = ND(IX) 
1Y = J 
CONTINUE 
IF (I.EQ,IY) GO TO 30 
J = IP(lr) 
iP(lY) = IP(I) 
IP(1) = J 

C 
C COLLtCT THE HUW AND COLUMN OF ThE PIVOT 
C   ALSO DELETE THEM FROM THE STORAGE 
C 
JO    IX = IPil) 

S = A(IX) 
IF (ABS(S),LT.FD(1)) GO TO iOO 
IF (I.EQ.N) GO TO 110 
IY1 = 0 
IY = IX 

20 

L      4 
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Ub3 «+0    1Y = RY.UY) 
UbU IF (lY.tO.IX) GO TO 70 
Obb il   -   IY 
Übb bu    H   -  CY(I^) 
0b7 IF UZ.OT.N) GO TO bO 
Übö K = KM 
Uby I£(K) = IY 
070 IH(K) = IZ 
071 AMM = A(IY) 
J72 A(IY) =U. 
Ü73 ND(IZ) = NDUZ)-1 
0T4 bU    IF (CY(IZ) .Nt.lY) Gü TO bO 
ü7b CYdZ) = CY(iY) 
J7b CY(1Y) = NiM 
077 MM = IY 
U7d GO 10 40 
Ü79 70    IY = CY(IY) 
OHU IF (lY.EQ.IX) GO TO 100 
Oül ll   -   IY 
062 1Y1 = IY 
06i ÖU     IZ = RYdZ) 
OöH IF- (IZ.GT.(M) GO TO 9Ü 
Üd5 K = K + i 
Odb lt(K) = IY 
0b7 1H(K) = IZ 
Ob8 AN(K) = A(IY) 
069 A(lY) = 0. . 
oyo IMLM ID  = IMD(IZ)-I 
091 9o If" (KY(1Z),NE,IY) Gü TO 80 
092 KYUZ) = KY( IY) 
O^i OU iü 70 
094 iuu   IF HYl.tU.O) GO TO 110 
OVb CYdYl) = MM 
09b MM = CY(1X) 
0S>7 C 
Oyd C  NOJlFlCATION OF IHL ROW ELEMENTS 
099 C 
10U C     kvHllL OUT PIVOT 
101 110   IF (MD(3).NE,Ö) CALL DW(IX) 
102 IF (MD(3),NE,0) CALL DW(K) 
103 FDCi) = AMAXKFDU) t ABS(S) ) 
10*+ Fü(b) = FÜ(b)+ALUG(ABS(S) ) 
lüb IF (S.LT.Ü.) FD(b) = -FD(6) 
lOb CALL 5VW(-IXfS) 
107 MD(Ö) = MÜ(ö) + l-»-K**2 
108 IF (K.EO.ü) 60 TO 2b0 
lu9 CO 115 J=1»K 
110 AN(J) = AN(J)/S 
111 CALL SVW(IH(J)»AN(J) ) 
112 FüU) = AMAX1(FD(*+) #ABS(AN(J) ) ) 
113 IF (MU(3).NE.0) CALL DW(IE(J)) 
114 lib   IF (MÜ(3),NE,Ü) CALL ÜW(IH(J)) 
lib Kl = K-l 
lib C 
117 C  LOOP Fort THL CHÜSS-POINT ELEMENTS 
118 C 
119 Ü0 210 J=1»K 
120 Jl = J+l 
i*il IZ   = IH(J) 
122 Z = AN(J) 
i*:3 A(U) = A(I2)-S*2**2 
124 FDU) = AMAX1(FD(U) »ABS(A(IZ) )) 
12b IF (J.EO.K) GO TO 24Ü 

»-1 — 
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i^b DO 23ü JJ=J1»K 
1^7 JZ = 1H(JJ) 
120 11 = MN0(I2»JZ) 
129 12 = MAX0(IZ»JZ) 
130 LI = RYdl) 
131 L2 = CY(i2) 
132 120   IF ( (Ll.EU.ID.OR. (L2.E0,I2)) GO TO lUQ 
133 IF (Ll.E.ü,L2) GO TO 220 
13U IF (L1.6T,L2) GO TO 130 
135 L2 = CY(L2) 
136 GO TU 120 
137 13Ü   LI = RY(L1) 
1.60 GO TO 120 
139 C  INSEKTION OF A NEW NON-ZERO ELEMENT 
my 14Ü   ND( ID = ND(I1)+1 
lUl ND(12) = Nü(I2)+l 
m2 MU(7) = MÜ(7) + 1 
1^3 IF (MM.NL.Ü) GO TO 170 
mi* C  USE NEW STORAGE 
IHb Mü(b) = MÜ(6)+1 
146 IF (MD(6),GT.MD(2)) GO TO 310 
147 IbU   LI = MD16) 
14Ö A(L1) = 0, 
149 KY(L1) = RY(I1) 
IbO CY(L1) = CY(I2) 
ibl KY(ll) = LI 
ib2 CY(I2) = LI 
lb3 GO TO 220 
lb4 C  USE AVAILABLE STORAGE 
Ibb 170   LI = MM 
Ibb W = CY(MM) 
lb7 L3 = U 
lb8 L2 = 12 
lb9 loO   IF (RY(L3),LT,L1) GO TO 190 
160 L3 = HY(L3) 
Ibl GO 10 100 
162 190   RY(L1) = HY(L3) 
lb3 RY<L3) = LI 
164 200   IF (CY(L2).LT.L1) GO TO 210 
Ibb L2 = CY(L2) 
166 GO TO 200 
167 210   CY(L1) = LY(L2) 
lo8 CY(L2) = LI 
iD9 C  WRITE OUT CROSS-POINT ELEMENT 
170 220   IF (MU(3),NE,0) CALL DWCLl) 
171 A(L1) = A(L1)-AN(J)*AN(JJT*S 
172 230   FD(4) = AMAX1(FD(4)»ABS(A(L1))) 
173 240   CONTINUE 

174 C  END OF MODIFICATION LOOP 
17b 2b0   CALL SVW(-IXfS) 
176 C 
177 C  END OF PIVOTING LOOP 
176 C 
179 CALL SVWE 
IbO IF (MD(3).NE,0) CALL DwE 
161 RETURN 
162 C 
163 C  SINGULAR MATRIX 
1Ö4 C 
165 300   MD(4) = 1 
166 RETURN 
167 310   MD(4) r d 
168 RETURN 
169 C 
190 END 

—_-r ■ 
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Jüi bUbKOUTlNt SUE.C1(MD»FD»A»AN,IE) 
ÜU2 DIMENSION MD(1)»FD(1)»A(1)»AN(l)»IE(1) 
0Ü3 C ***************************************************** 
\i\m C   *   DECÜMPUSE bYMMtTRlC MATRIX USING GENERATED RECORD ♦ 
0Ü5 C ***************************************************** 
ÜUb C 
00 7 N = MD{1) 
JU8 MDU) = 0 
üü9 Fü(b) = 0. 
ülü FU(b) = 1. 
011 Fü(7) = ü. 
012 FDU) = 0. 
Oli ÜO 10 I=1»N 
01*4 lo    FU(7) = Fü(7)+AL0G(AN(I) ) 
01b FD(7) = 0.b*FD(7) 
016 C LLEAH SIORAGL TO BE FILLED 
017 IF lMU(b).Lt.^D(b)) GO TO 30 
018 MM = MD(b)+l 
019 ivll = MD(6I 
020 DO   20 IrM^rMl 

022 CUlMTlALlZt F5R READ-IN AND WRlTt-OUT 
023 30    CALL ÜR1 
024 CALL SVWi 
02b C 
026 C LOOP ON THE PIVOTS 
027 C 
026 DO yO I=1»N 
029 CALL DR(IX) 
0,30 CALL ÜR(K) 
031 b = A(IX) 
0i2 IF (ABS(b) .LT.FOd) ) GO TO 100 
033 FDU) = AMAX1(FD(<+) »ABS(S) ) 
03»+ Fu(b) = FL(b)+ALOG(AÖS(S) ) 
OJib If- (S.LT.O.) FD(6) = -FD(6) 
036 IF (K.EU.O) GO TO 7ü 
037 C 
036 C COLLECT THE ROW UF THE PIVOT 
0 39 C 
040 OO   40 J=1»K 
041 CALL DR«L1) 
042 CALL ÜRUE(J) ) 
043 AN(J) = A(L1) 
044 A(L1) = Ü. 
04b 4u    FD(4) = AMAX1(FD(4)»ABS(AN<J))) 

047 C   MODIFICATION OF THE ROW ELEMENTS 
0H6 C 
049 DO bO J=1»K 
ObO 1Z = IE(J) 
Obi 2 = AN(J) 
0b2 AN(J) = AN(J)/S 
0b3 A(l2) = A(1Z)-Z*AN(J) 
0b4 FD(4) = AMAX1(FD(4)»ABS(AN(J) ) ) 
Obb FD(4) = AMAXKFDU) »ABS(A(IZ) ) ) 
Obb IF (J.EQ.K) GO TO 60 
0b7        Jl = J+l 
0b8 C 
0b9 C   MODIFICATION OF THE CROSS-POINT ELEMENTS 
ObO C 
Obi DO bü JJ=Jl»K 
0b2 CALL DR(L1) 
0b3 A(L1) = A(L1)-AN(J)*AN(JJ) 
0b4 bü    FD(4) = ANIAX1(FD(4)»ABS(A(L1) ) ) 
Obb OO    CONTINUt 
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UD7 C WHITL OUT PIVOT AND ITS ROW 
übd C 
0b9 70 CALL SVW(-IX»0   o 
070 IF (K.EQ.O) GO TO 90 
071 UO 00 J=1»K 
072 ÖU CALL SVW(IE(J)»AN(J)) 
07i 90 CALL SVIfV(-IX»S) 

075 C END UF PIVOTING LOOP 
07b C 
U77 CALL SVWE 
U78 KETUKN 
079 C 
OüO C SINGULAR MATRIX 
Oöi C 
062 100 WPi^J   =   ^ 
083 RETURN 
üö'+ C CKn 085 ENU 

i 

001 
002 
00.3 
00^ 
00b 
00b 
007 
008 
009 
010 
on 
012 
013 
01"+ 
oib 
016 
017 
018 
019 
020 
Ü21 
022 
023 
024 
02b 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 

NUEC 01 ( MD, FD»R Y»C Y r A, AN»NDR»NDC» I PR» I PC» IE» IH» N6l»NG2) 
MD(1),FD(1)»RY(1)»CY(1)»A(1),AN(1)»NDR(1)»NDC(1 ) 

SUBROUTINE NUtCOlC 
DIMENSION   MD(1),FD 
L) I MLiMS I ON   I PR (1) » IPC (1 ) i IE U ) » IH (1) r NGl (1 ) »NG2 (1) 
1NTLGER RY,CY 

***^*****4*lL**4:^^*t ************** *************** 

* DECOMPOSE NONSYMMETRIC MATRIX AND OPTIONALLY » 
♦ GENERATE DECOMPOSITION RECORD ♦ 
************************************************ 

MM = u 
N = MD(1) 
MD(4) = 0 
MiJ(b) = (vlü(5) 
MD(7) = MÜ(5) 
MD(8) = 0 
IF (ML)(3) ,NE,0) CALL DWl 

10 

C 
C 
C 

c 
c 
c 

FD(b) = (K 
FD(b) = 1. 
FD(7) = 0. 
FD(4) = 0. 
ÜÜ 10 I=1»N 
FD(7) = FÜ(7)+ALOG(AN(I)) 
IPR(I) = i 
1PC(I) = I 
FD(7) = 0.5*FD(7) 
CALL NVWl 
CALL NVWb(-l»-l) 

LOOP ON PIVOTING 

DO 290 I=1»N 

PIVOT SELECTION BY SEPARATE PIVOTING ROUTINE 

CALL PVTül(I»N,IX»KR,KC»FD(2)»RYfCY»A,IPR,lPC»NDR»NDC»IE,lH) 
IF (KR.EO.Q) GO TO 310 

CHECK PIVOT VALUE AND UPDATE DETERMINANT 
S = A(IX) 
IF (ABi 
FD(5) = 
K = (KR-t-KC)/2 
K = KR+KC-2*K 
IF (K.NE.U) FD(6) = -FD(6) 
FD(4) = AMAX1(FD(H).ABS(S)) 

3S(S),LE.FD(1)) 
FD(5)*AL0G(ABS(S)) 

GO TO 300 
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o«+b c 
Jib C 
Ü47 c 
ü^a c 
ÜH9 c 
UbÜ 
J51 
üb2 20 
üb3 
Ub«+ 
Jbb 
Jbb 
Üb7 
übö 
Üb9 30 
JDÜ 
Jbl 
Obd 
Obi 
üc^ 
übb 
Übb 
Ü67 C 
Übö ^O 
Ub9 
U70 
J71 bo 
072 
Ü7J 
0?H 
07b 
07b 
077 
U78 
079 
Oöü oü 
Obl 
Üb2 
üöi 
Ort4 
Oüb 
Oöb 70 
0Ö7 
odö C 
ÜÖ9 C 
090 C 
091 
092 

C 

093 
094 
U9b 
09b 
097 
098 
099 
iOÜ 
1U1 do 
102 9u 
103 
104 
lüb 
lUb 100 
107 iub 
lüö C 
109 c 
110 c 
111 c 

COLLtCl    THt   ROW 
ALSO   FHtL   THtlH 

AND   COLUMN   OF   THE   PIVOT 
STüHAGt   LOCATIONS 

THE HOW 
Kl = ü 
J   z   KR 
J   = KY(J) 
IF (J.LE.N) ÜO TO UO 
IF (J.EO.IX) GO TO 20 
Kl = Kl+1 
1E(M) = J 
AN(K1) = A{J) 
Jl 

ii 
IF 
IF 

Jl 
NDC(J1)-1 
30 

= J 
= CY(J1) 
(Jl.Lt.iM) NGl(Kl) = 
(Jl.Lt.N) NDC(Jl) = 
(CY(J1),N£.J) GO TO 

CY(Ji) = CY(J) 
CY(J) = MM 
MM = J 
60 TO 20 

THE COLUMN 
K2 = o 
J = KC 
K3 = 0 
J = CY(J) 
XF (J.LE.N) bü Tu 70 
K3 = J 
IF (J.EO.lX) GO TO bO 
K2 = K2+1 
IH(K2) = J 
A(Ki>) = A(J)/S 
FD(^) = AMX1(FDU)»ABS(A(K2) ) ) 
Jl = J 
Jl = RY(J1) 

(Jl.Lt.N) N02(K2) 
(Jl.Lt.N) NDR(Jl) 
(HY{Jl).Nt.J) GO 

HY(ol) = HY(J) 
üO TO 50 
CY(K3) = MM 
MM = CY(KC) 

IF 
IF 
IF TO 

Jl 
NDR(J1)-1 
bO 

ARITE ÜUT THt PIVOT» ITS ROW 
AS PARI OF fhE OtCOMPOSlTlON 

AND COLUMN 
RECORD 

IF (Mü(3).EO.O) GO TO 105 
CALL üu(IX) 
CALL DW(KC) 
CALL DW(KR) 
CALL Dw(K2) 
MÜ(d) = Mü(8)+(K1+1)*(K2+1) 
IF (K2.tQ.O) GO TO 90 
ÜO ÖU J=1»K2 
CALL Dw(lH(J)) 
CALL ÜW(NG2(J)) 
CALL DW(Kl) 
IF (Kl,EO.O) GO TO 105 
ÜO 100 J=1»K1 
CALL Dw(IE(J)) 
CALL ÜW(N01(J)) 
IF ((Ki.tO.O).OR.(K2.EQ.O)) GO TO 230 

LOOP TO MODIFY THE 
AND COLUMN 

INTERSECTING ELEMENTS BETWEEN THE ROW 
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11^ üü   220   J=1»K2 
ilJ 1Y   =   NG2(J) 
im DO   220   K = 1»K1 
ilb K3   =   HY(IY) 
116 JY = NGKK) 
117 KH = CYtJYJ 
118 C  5EAHCH FOR ELEMENT IY»JY 
119 110   IF (K3,EQ,KU) GO TO 21U 
1^0 IF (K3.LT,KU) GO TO 12Ö 
121 K3 = HY(K3) 
122 IF (K3,Lt.N) GO TO 130 
123 GO TO UU 
12** itO        K«+ = CY(K'4) 
126 IF (Ki+.GT.N) GO TO 110 
12b C  IT UOES NOT EXIST 
127 130   NüR(IY) = NDRUY)-»-! 
128 NDC(JY) = NÜC(JY)+1 
129 Mü(7) = MD(7)+1 
130 IF (MM.NE.O) GO TO 160 
Ul C   GET NEW LOCATION FOR THE NEW ELEMENT 
1J2 MD(b) = MD(6)+1 
133 IF (MD(b).LE.MD(2)) GO TO 150 
134 MDU) = 1 
136 RETURN 
136 IbO   K3 = MD(6) 
137 RY(K3) = RY{IY) 
136 CY(K3) = CY(JY) 
139 RY( IY) = K3 
140 CY(JY) = K3 
141 A(K3) = 0. 
142 GO TO 210 
143 C   OLD LOCATION AVAILABLE FOR THE NEW ELEMENT 
144 Ibü   K3 = MM 
14b A(Kä) = 0. 
146 MM = CY(MM) 
147 K4 = IY 
148 170   IF (RY(K4),LT.K3) GO TO 180 
149 K4 = KY(K4) 
IbO GO TO 170 
Ibl IbO   RY(K3) = RY(K4) 
lb2 RY(K4) = K3 
lb3 190   IF (CY(JY).LT.K3) 60 TO 200 
164 JY = CY(JY) 
Ibb 00 TO 190 
lb6 200   CY(K3) = CY(JY) 
167 CYlJY) = K3 
168 C   MODIFY ELEMENT 
169 210   IF (MD(3).NE.O) CALL DW(K3) 
160 A(K3) = A(K3)-AN(K)*A(J) 
Ibl FD(»+) = AMAX1(FD(4)»ABS(A(K3) ) ) 
162 220        CONTINUE 
163 C     END   OF   MODIFICATION  LOOP 
164 C 
165 C WRITE OUT PIVOT ROW AND COLUMN 
166 C 
167 230   CALL NVWF(-KC»-KR) 
168 IF (K2.Eii,0) GO TO 250 
lb9         DO 2'+0 J=1»K2 
170 240   CALL NVWF(NG2iJ)»A(J)) 
171 260   IF (Kl.EO.O) GO TO 270 
172 DO 260 J=1»K1 
173 2bü   CALL NVWB(NG1(J)»AN(J)) 
174 270   CALL NvwB(-KC»S) 
176 290   CONTINUE 
176 C  END OF PIVOTING LOOP 
177 C 
178 C END FILES 

1J' > ■'■■ ,"'• T-^y-^j,.. -i...—. r-« fr**' 
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IdO IF (MDOi.NE.O) CALL DwE 
Ibl CALL NVWE 
lö2 RETUHN 
iöi C 
Ibl C SINGULAR MATRIX 
165 C 
ib6 iOO        MDU) = 3 
lb7 RETURN 
168 310   MD(H) = t 
Iby RETURN 
190 C 
iyi tND 

U01 bUbKOUTlNt PVT01{I»N»IX»KR»KC»F,RY»CY,A>iPR»IPC.NOR,NDC,IE,IH) 
Üü2 DIMENSION RY(1).CY(1).IPR(1)»IPC(1).NDR(1)»NDC(1).IE(1).IH(]) 
003 DIMENSION A(l) 
00»+ 1NTLÜER RY»CY 
00b C **************************************************** 
006 C * MINIMAL DtüREE PIVOTING FOR NON-SYMMETRIC MATRIX ♦ 
007 C **************************************************** 
OOd C    THE KOUTINE SELECTS PIVOT BY MINIMAL DEGREE. IT IS 
009 C USED BY THE ROUTINE UEC01. 
010 C 
011 C 
012 1H (l.NE.N) GO TO 3ü 
013 KR = IPR(N) 
01U KC = iPC(N) 
Oib iX = RY(KR) 
016 IF (IX.NE.KR) RtlURN 
017 10    KR = Ü 
018 RETURN 
019 30    Nl = N+l-I 
OttQ C 
021 C SORT AVAILABLE ROwS BY DEGREE 
022 C 
0^3 JO «+0 J=1.N1 
0^1+ 40    1E(J) = 0 
025 DO 50 J=I.N 
026 Kl = IPR(J) 
0^7 lh(J) = Kl 
028 K2 = NDR(Kl) 
029 IF (K2,LE.O) GO TO 10 
030 bu    IL(K2) = IE(K2)+1 
031 DO 60 J=2»NI 
032 bu    IE(J) = IE(J)+IE(J-1) 
033 Ü0 70 J=1»N 
034 Kl = IH(J) 
035 K2 = NDR(Kl) 
036 Kj = 1E(K2)+1-1 
037 1E(K2) = IE(K2)-1 
038 70    1PR(K3) = Kl 
039 C 
040 C SORT AVAILABLE COLUMNS BY DEGREE 
om C 
042 DO 60 J=1.NI 
043 do    IE(J) = U 
044 UO 90 J=I.N 
045 Kl = IPC(J) 
046 1H{J) = Kl 
047 Kk; = NDC(Kl) 
046 IF (KS.LE.O) GO TO 10 
049 90    1E(K2) = It(K2)-H 

. r-.,—^^^—■ I«'JJ j - - — 
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Ubü        DO 100 J=^»M 
Ubl 100   it(J) = It(J)+IE(J-l) 
0b2 ÜO 110 J=1»N 
Ob3        Kl = IH(J) 
Ob'* K2 = MDC(Kl) 
Ubb        K3 : IE(K2)+I-l 
Obb it(K2) = 1E(K2)-1 

üb? 110   iPC(K3) = Kl 
0b6 C 
Ob9 C INITIALIZL KOK MINIMAL DEGREE SEARCH 
UbO c 
Obi IX = 0 
0b2 IDX = N**2 
0b3 JR = I 
Ob'l JC = I 
06b JHP = IHK(JR) 
Ubb JCH = IPC(JC) 
Ob7 C 
Obd C TtST f-OH TEHMlNATIOlM OF SEARCH 
0b9 C 
070 IdO        NDX = (MüK(JRP)-1)*(NDC(JCP)-1) 
U'l IF (NDX.üfc-IDX) GO TO 210 
U72 IF (iMÜC(JCP) ,GT.NDR(JRP) ) GO TO 180 
073 C 
07H C St ARCH IN Jht COLUMN 
07b C 
0 7b J = JCP 
J/7 AM = ü, 
J7b 130   J = CY(J) 
079 IF (J.EU.JCP) GO TO 1U0 
OHO AM = AMAX1 (A>|,ABS(A(J) ) ) 
Oöl üü TO 130 
drt2 mo   AM = F*AM 
0ö3 IbO   J = CY(J) 
00*4        IF (J.EU,JCP) GO TO 170 
Odb IF (AHS(A(J)).LT.AM) GO TO 150 
Obb Kl = J 
0d7 IbO   Kl = PY(K1 ) 
Odd IF (Kl.Gf.N) GO TO 160 
Ody K2 = (NDK{K1)-1)*(NDC(JCP)-1) 
OVO IF (K2.GE,IÜX) Gü TO 150 
oyl        iX = J 
092 KR = Kl 
U93 KC = JCP 
09»+ IDX = K2 
09b GO Tu IbU 
096 170   JC = JC+1 
097 IF (JC.GT.N) GO TO ^40 
098 JCP = IPC(JC) 
099 GO TO 12Ö 
100 C 
iUl C StARCH IN THE ROW 
102 C 
103 IbO   J = JRP 
101 AM = 0. 
105 190   J = RY(J) 
106 IF U.EU.JRP) GÜ TO 200 
1U7         AM = AMAX1(AM,ABS(A(J))) 
lud         GO TO 190 
109 2U0   AM = F«AM 
110 210   J = RY(J) 
111 IF (J,EU,JRP) GO TO 230 
112 IF (ABS(A(J)).LT,AM) 60 TO 210 
113 Kl = J , 
11U 220   Kl = CY(K1) 
lib        IF (Kl.GT.N) GO TO 2^0 
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116 KP = (NDR(JHP)-1)*(NDC(K1)-1) 
117 IF (K2.bE.IDX) GO TO 210 
110 Ix = J 
iiy KH = JRH 
12Ü •*>€ = Kl 
1^1 1DX = Kd 
122 t>0 TU 21U 
1^3 23Ü   JR = JR+1 
124 IF (JR.&T.N) GO TO 2*0 
i2b JRP = IPR(JR) 
126 GO TO 12Ü 

12« C btARCH UNISHED» REMOVE KR»KC FROM AVAILABLE 
129 C PIVOT HOWS AiMÜ COLUMNS 
130 240   IF (IX.EQ.Ü) 60 TO 10 
131 00   2bU J=IfM 
132 If    (IPR(J).NE.KR) GO TO 250 
133 IF (J.EO.l) GO TO 2b0 
13*4 IPH(J) = IPR(I) 
135 IPR(I) = KR 
136 üO 10 2bU 
137 250   CONTINUE 
13d 260   DO ^70 J=1,N 
139 IF (IPC(J),NE.KC) GO TO 270 
mo IPC(J) = IPC(I) 
mi ipci i)  = KC 
m2 GO TO 2Ö0 
iU3 270   CONTINUE 

luS 2b0   RETURN 
l<+b ENÜ 

001 SUBROUTINE NUECl(M0»FD»A»AN,IE»IH) 
002 JIMENSION MD(l),FD(l),A(l),AN(l),lE{l),lH(l) 
003 C **♦♦♦**♦♦*♦*♦*♦♦*♦♦****♦*****♦♦*♦♦♦♦*»♦*♦**♦♦*♦*♦♦*♦♦♦♦♦ 
OOU C * DECOMPOSE NONSYMMETRIC MATRIX USING GENERATED RECORD ♦ 
005 C ******************************************************** 
006 C 
007 N = MD(1) 
008 MD<t+) = Ü 
009 FD(5) = U, 
010 FD(6) = 1. 
Oil FD(7) = 0, 
012 FDU) = 0. 
013 DO 10 1=1,N 
Om lo    FD(7) = FD(7)+ALOG(AN(I) ) 
015 FD(7) = 0,5*Fv{7) 
016 C CLEAR EXTRA STORAGE 
017 IF (MD(6)tLE,MD(5)) GO TO 30 
018 MM = MD(b)fl 
019 Ml = M0(6) 
020 DO 20 I=MM,M1 
021 2u    A(I) = Ü. 

•**£ -".T— 
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Ü23 
Ü2U 
Ü2b 
Ü2b 
Ü27 

ü2y 
ü5ü 
031 
032 
033 
OJI 
035 
03b 
037 
03Ö 
039 
OHü 
041 
012 
0U3 
om 
OHb 
0H6 
047 
048 
ouy 
Obü 
Obl 
Ub2 
0b3 
ObH 
Obb 
Ob6 
0b7 
ObÖ 
Oby 
ObÜ 
Obl 
0b2 
0b3 
Ob4 
Obb 
Obb 
0D7 
ObÖ 
069 
070 
0/1 
0 72 
073 
07"+ 
07b 
076 
U77 
078 
079 
060 
Üöl 
062 

150 

C INITIALIZE flLES 
30    CALL DRI 

CALL NVWi 
CALL NVWb(-l»-l) 

C 
C LOOP ON THE PIVOTS 
C 

ÜO 130 IrlfN 
C bLT PIVOT AÜUKESS AND CHECK PIVOT MAGNITUDE 

CALL ÜR(IX) 
S = A{ IX) 
IF (ABS(S).LE,FD(1)) GO TO 
FD(b) = FD(b)+ALOG(AßS(S)) 
IF (S.LT.Ü.) FD(6) = -FD(6) 
FDU) = AMAX1(FD(4)»ABS(S) ) 
A(IX) = Ü, 
CALL DR{KC) 
CALL DR(KH) 

C btT THE COLUMN ELEMENTS 
CALL ÜR(K2) 
IF (K2.LE.U) GO TO 50 
DO «4J J=1»K2 
CALL DR(K3) 
l-ALL üR(it( J) ) 
A(J) = A(K3)/S 
FDC*) = AMAX1(FD(*+),ABS(A(J) ) ) 

40    A(K3) = Ü, 
C 6tT THE HOW ELtMENTS 
bU    CALL DR(K1) 

IF (Kl.Lt.O) 00 TO 80 
DO bU J=1.K1 
CALL DR(K3) 
CALL DR(1H(J)) 
AN(J) = A(K3) 
FD(U) = AMAX1(FD(4)»ABS(AN(J))) 

bO    A(K3) = Ü. 
C MODIFY CKOSS-POlNT ELEMENTS 

XF (K2.LE,Ü) GO TO 80 
DO 7J J=1»K2 
DO 70 JJ=1»K1 
CALL DR(K3) 
A(K^) = A{K3)-AXJ)*AN(JJ) 

7ü    FDm = AMAX1(FD(^)»ABS(A(K3) ) ) 
C WHITE OUT PIVOT ROW AND COLUMN 
8u 

9u 
10Ü 

110 
120 
130 
C 

C 
150 

100 

120 

>AN(J)) 

CALL NVWF(-KC>-KK) 
IF (K2,Evi.O) GO TO 
DO 90 J=1»K2 
CALL NVftF(IE(J)»A(J)) 
IF (Kl.EQ.O) GO TO 
DO 11U J=ltKl 
CALL NVWd(IH(J)t 
CALL NVWd(-KC»S) 
CONTINUE 

CALL NVWE 
RETURN 

MD(4) = 3 
RETURN 

END 

T-I" ~ '-XT-. -• 
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üül 
ÜU2 
ÜUJ 
00*4 
ÜU5 
Uüb 
ÜÜ7 
Ü08 
üu9 
UIO 
011 
U12 
üli 
im 
uib 
ülb 
üi7 
uia 
uiy 
ÜeLO 
Ü21 
0t2 
025 
0^4 
ü^b 
J2b 
ü^7 
ü2d 
u^y 

ü31 
U32 
d^i 
Ü.5U 

lü 

2ü 

Ju 

bübKÜUTiNE SSLV(MD»X»Y) 
ÜIMLNSION MDd) »X(1)»Y(1) 

♦ ÜACKSOUbTlTUTIÜN FOR SYMMETRIC DECOMPOSED MATRIX * 
**************************************************** 

N   : MD(1) 
ÜÜ 1U I=1»N 
Y(I) = X(i) 
CALL SVRI 
I = Ü 

FORWARD bACKSUdSTITUTlON 
CALL SVRF(L2»Z) 
1 = 1 + 1 
L2 = -L2 
b = Y(L2) 
CALL SVHF(L2» 
IF (L2.LT.0) 50 TO i*0 
t(Lü) = Y(L2)-Z*S 
bO 10 3U 
IF (I.LT.N) 00 TO 

Ü 
40    IF ( I.LT.N) 00 TO 20 
C bACKwARU BACKSUBbTITUTlON 
bU    CALL SvKb(L2»Z) 

I = i-1 
J = -L2 
Y(J) = Y(J)/Z 

ou    CALL SVKo(L2»Z) 
IF (L2.LT.Ü) GO TO 70 
Y(J) = Y{J)-Z*Y(L2) 
00 TO bO 

7o    IF (I.G1.0) OO TU 50 
RETURN 

C 
END 

oul 
002 
OOi 
00*+ 
UOb 
OUb 
007 
00« 
009 
010 
Oil 
012 
01.5 
Ol** 
015 
01b 
017 
018 
019 
020 
021 

bUbHOUTIiME NbLV(MD»X»Y»AN) 
ülMtiMSION MD(1) »X(1)»Y(1) »AN(1) 

****** ******* + **mm.**.*******4.*m* + *****m + ** ******** 
*   bACKSUdSTITUTlON   FOR   NONSYMMETRIC   DECOMPOSED   MATRIX   ♦ 
*************************************#***************** 

10 
C 
c 
c 

c 
c 

cQUI VALENCE 
N   =   MD(1) 

(K5»S) 

SAVE   RIÜHT   SIDE 

DO   1U   I=1»N 
AN(1)    =   X(I) 

INITIALIZE   FILES 

CALL   NVRI 
I   =   Ü 
J   =   0 

SOLVE   LOWEK   TRIANGULAR   SYSTEM 

-*■ 
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U23 2ü CALL NVKF(Ki+»S) 
ü^a        iF (KU.oT.ü) GO TO 3Ü 
U^5 1 = 1*1 
Üidb K«+ = -K'+ 
027 K3 = -KS 
Ü2d Y(KU) = AN(K3) 
Ü29 IF (I.6t..N) 00 TU 40 
030 Ül = AN{K3) 
031 60 TO 20 
032 30    AN(K'+) = AN(Kt*)-Ul*S 
033 ÖO TO 20 
034 C 
03b C   SOLVt UPPfc-H THIANGULAK SYSTEM 
03b C 
037 HO    CALL NVHb(K«+»S) 
03d IF (KU.GT.O) GO TO SO 
039 J = J+l 
OHO IF (J.Nt.l) r<IX) = Y(lX)/Dl 
0«+l li- (J.GT.N) GO TO 60 
0^2 IX = -KM 
u'+3 ül = S 
ü*+H 00 TU HO 
OHb SO    Y(IX) = Y(IX)-S*Y(K4) 
0H6 OÜ TO HO 
0H7 C 
0H8 bO    KLTüKfvJ 
ony c 
ObO tNU 

'""—' 
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6.2 I/O Programs: 

Uül C ♦»♦»»*♦»*♦♦*♦*♦♦♦♦♦♦*♦*♦♦»♦*♦♦♦»♦»♦♦*♦♦♦♦♦* 
UU2 C ♦ I/Ü RUUTINt FOR DECOMPOSITION PROCESSES ♦ 
JU3 C ♦»♦*♦♦♦♦**♦»♦»♦♦*♦♦♦♦♦*♦♦*♦♦*♦♦♦*♦♦**♦*♦♦♦♦ 
OU^ C 
jub bUBHOUTlNE DwI 
JDb C 
ÜU7 C THE OhCuMPOSITION PROCESS GENERATES AN ARRAY OF 
ÜÜd C POSITIVE INTEGERS. THIS PROGRAM PROVIDES A BUFFERED 
Jü9 C INPUI/OUTPUT USING FILE 10. THE ENTRIES ARE AS FOLLOWS.' 

üil C    DwI - INITIALIZE FOR WRITE 
J12 C    DH(K) - WR TE K AS NEXT ENTRY 
Uli C    ÜttE - TERM NATE WRITING 
im C    DKI - INITIALIZE FOR READ 
Ulb C    DR(K) - READ NEXT ENTRY K 

017 C IX lb THE bUFf-ER SIZE 
U1Ö PARAMETER IX = 2b0 
dl9 DIMENSION IÖ(IX) 
J2ü C 
021 C 
022 C ************************** 
023 C * INITIALIZE FÜH WRITING * 
Q^H C *»♦*♦♦*♦♦♦♦♦♦»♦♦*♦♦♦♦♦♦♦♦* 
02b C 
02b J = 1 
027 REWIND 1U 
02d RETURN 
029 C 
030 ENTRY DMK) 
031 C ********************** 
032 C * WRITE NEXT ENTRY K * 
033 C ********************** 
03'+ C 
03b lb(J) = K 
036 J = J+l 
037 IF (J.LE.lX) RETURN 
0 3d         WRUE (10) lb 
039 J = 1 
0^Ü RETURN 
om c 
0*+2 ENTRY DwE 
0H3 C ********************* 
Oh* C ♦ TERMINATE WRITING * 
Ot+b C ********************* 
0*46 C 
047 IF (J.NE.l) WRITE (10) lb 
Oi+Ö RETURN 
049 C 
ObO ENTRY DRI 
Obi C ********************** 
Ob2 C * INITIALIZE READ-IN ♦ 
0b3 C ********************** 
Ob^ C 
Obb REWIND 1U 
Ob6 J = IX 
Ub7 RETURN 
Üb8 C 
Üb9 ENTRY DR(K) 
060 C ********************* 
Obi C * READ NEXT LNTRY K ♦ 
062 *- *♦*♦♦♦♦♦♦♦»♦♦♦♦*♦♦♦♦* 
Üb3 C 
064 J = J+l 
Obb IF (J.LE.lX) GO TO 10 
066 READ (10) IÜ 
0b7 J = 1 
06d 10    K = IR(J) 
069 RETURN 
0 70 C 
071 LNÜ 

r~m^:  -- 
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üUl C *********************************************** 
UÜ2 C ♦ I/O HOUTINL FOR DECOMPOSED SYMMETRIC MATRIX * 
Üü3 C *********************************************** 
Üü«+ c 
JOb bUdHOOTlNt Sywl .  ,  ^ 
Ü06 C THE ÜECOMP0SL13 MATRIX lb PLACED IN FILE 11 AS A RANDOM 
ÜÜ7 C ACCESS FILE. IT CONSISTS OF A DOUBLE ARRAY WHICH IS 
JOd C bUFFEREü. ALTHOUGH THE FIRST PART OF THE ARRAY 
UU^ C IS AN iNftGER (SIGNED) ARRAY» THIS ROUTINE DOES NOT 
010 C PACK IT. THE ROUTINE HAS THE FOLLOWING ENTRIES: 
Oil C 
012 C    Sv^I - INITIALIZE FOR WRITE 
013 C    SVW(A1»A2) - WRITE Al,A2 AS NEXT ENTRY 
Um C    SVwE - TERMINATE WRITE 
015 C    SVRI - INITIALIZE FOR READ 
Olo C    SVRF(A1»A2) - READ NEXT ENTRY A1»A2 
017 C    SVRb(Al,A2) - READ PREVIOUS ENTRY A1»A2 
oia c 
019 C   ThE   ROUTINE   ASSUMES   THAT   THE   WRITTEN   ARRAY   Is   READ   ONCE 
020 C   FORWARD   THEN   READ   BACKWARD, 
021 C 
022 PARAMLTER NX = 1U0 
0^3 PARAMETER MX = 2öO 
024 PARAMETER MXX = 2*Mx 
02b C (MX IS ThE MAXIMUM NUMBER OF RECORDS 
02t) C MXX IS THE LENGTH OF THt RECORDS 
027 DIMENSION B(2»MX) 
02B C 
029 C ********************** 
030 C * INITIALIZE WRITING ♦ 
031 t ********************** 
0 32 C 
0 33 N = Ü 
03U J = 1 
035 DEFINE- ULE 11( NX » MXX » U » IX ) 
03b IX = IX 
037 KETURN 
03b C 
039 ENTRY SVw(Al»A2) 
010 c ************************** 
U«+l C ♦ «RITE NEXT tNTRY Al»Ai: * 
0H2 C ************************** 
013 C 
Oil b(l»J) = Al 
015 b(2»J) = A2 
016 J = J+l 
017 IF (J.LE.MX) RETURN 
UIB N = N+l 
019 kvRUE (11 »N) [• 
050 J = 1 
051 RETURN 
052 C 
053 LNTRY SVWE 
051 C ********************* ' 
055 C ♦ TERMINATE WRITING ♦ 
056 C ********************* 
057 C 
058 IF (J.EQ.l) RETURN ' 1 
059 N = N+l 
060 WRITE (ll'N) B 
Obi RETURN 
062 C 
063 ENTRY SVRI 
061 C ********************** 
065 C ♦ INITIALIZE READ-IN ♦ 
Ob6 C ♦»♦♦♦»♦♦•*♦*♦♦♦♦♦♦*♦♦♦ 
0b7 C 
ObB M = 0 
069 J = MX 
070 RETURN 
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ü71 
072 
Ü73 
U74 
Ü75 
0 7b 
077 
0 78 
0 79 
08Ü 
Oül 
0H2 
0ti3 
0Ü«+ 
0Ö5 
üdb 
0b7 
0ö8 
0 89 
090 
091 
092 
093 
09«+ 
09b 
09b 
097 
098 
049 
100 

LNTKY SVHHA1»A2) 

*   REAL) NEXT tMKY A1»A2 ♦ 

J = J+l 
IF (J.Lt.MX) GO TO 1U 
M = M+l 
KEAU (U'Ni) B 
J = 1 

iU    Ai = H(1,J) 
A2 = B(2»J) 
KtfUHN 

C 
tNTKY SVKtl(Ai»A2) 

C ♦♦*♦»♦♦♦♦♦♦*♦*♦♦♦»♦»♦♦*»*♦♦♦♦ 
C » KEAD HKtVlOUS ENTKY Al»A2 * 

iF (J.GT.U) üO TO 2ü 
IM = M-1 
KEAU Ul'W) b 
J = MX 

20    Al = B(1#J) 
A2 = B(2»J) 
J = J-l 
RETURN 

C 
END 



UÜl C 
ÜU2 c 
ÜUJ t 
ÜÜ1 
üüb c 
Ü06 c 
U07 c 
üüd c 
uuy c 
Uli) c 
Uli c 
Ji2 c 
013 c 
014 t 
01b c 
01b c 
017 c 
old c 
üiy c 
020 c 
021 
022 
023 
02*+ c 
Ü2b L 
020 
0^7 c 
02d c 
029 c 
030 L 
031 c 
0 32 
033 
034 
03b 
03b 
037 
03d 

ojy 
040 
041 L 
Ü42 
043 c 
044 c 
04b c 
04b c 
047 
048 
049 
ObU 
Obl 
0b2 
0b3 
Ob4 
übb c 
übb 
Ub7 c 
Obd c 
Ob9 c 
06Ü c 
Obl 
Ub2 
Ob3 
U64 
Übb 
übb 
0b7 
Obd 
UhQ c 

46 

* I/O RÜUTINL FOK NÜNSYMMETRIC DECOMPOStD MATRIX ♦ 
************************************************** 

SUbHOUTIiMt NVWl 
IhE LÜWhK AND UPPtR TRIANGULAR MATRICES OF THE 
UtCOMPOSED NüNSYMMETRIC MATRIX ARE CONTAINED IN 
FILE 12 AND FILE 13» RESPECTIVELY» AS RANDOM 
ACCESS FILES. THEY ARE IN THE FORM OF BUFFERED 
DOUBLE ARRAYS. THE ENTRIES ARE AS FOLLOWS» 

NVwI - INITIALIZE FOR WRITE 
NVWMA1,A2) - WRITE AlrA2 AS NEXT ENTRY ON FILE 12 
NVWB(A1»A2) - WRITE A1»A2 AS NEXT ENTRY ON FILE 13 
NVwE - TERMINATE WRITING 
NVR1 - INITIALIZE FOR REAÜ 
NvRF(Al,A2) - REAU NEXT ENTRY FROM FILE 12 
NVRB(A1»A2) - READ PREVIOUS ENTRY FROM FILE 13 

FILE 12 IS KLAU FORWARD, FILE 13 BACKWARD. 

PARAMETER NX = 100 
PARAMETER MX = 2dü 
PARAMETER MXX = 2»Mx 

NX lb THE MAXIMUM NUMBER OF RECORDS» 
MXX IS IHE RECORD SIZE 

DIMENSION B12(2»MX)»B13(2»MX) 

♦ INITIALIZE WRITING ♦ 
********************** 

IM12 = 0 
N13 = U 
J12 - 1 
J13 = 1 
uEFIiML FILE 12 ( NX . MXX »U» I Xl2 ) 
1X12 = 1X12 
UEFINE FILE 13(NX»MXX»U»IXl3) 

1X13 = 1X13 
RETURN 

ENTRY NVwF(Al#A2) 

♦ WRITE A1,A2 ON FILE 12 ♦ 
************************** 

bl2(l»J12) = Al 
B12(2»J12) = A2 
J12 = J12+1 
IF (J12.LE.MX) RETURN 
IM12 = N12 + i 
J12 = 1 
WRITE (12^12) B12 
RETURN 

ENTRY NVI«B(A1»A2) 
************************** 
♦ WRITE AlrA2 ON FILE 13 ♦ 
************************** 

bl3(l»J13) = Al 
dl3(2»J13) = A2 
J13 = J13+1 
IF (J13.LE,MX) RETURN 
iNil3 = N13+1 
J13 = 1 
WRITE (13^13) B13 
RETURN 

i i 
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070 ENTHY NVWt 
1)71 C ********************* 
U72 C * TtKMlNATE WRITING ♦ 
üli C ********************* 
U7*4 C 
J7b IF (J12,E0.i) GO TO 10 
076 N12 = Nlil + l 
077 WRITE {li>«Nl2) Bl2 
078 lü    JJ = MX ,.      ^      n 
079 IF (JU.EQ.i) RETURN 
oao         N13 = NU*1 
Oül WRlFL (13'NIJ) 813 
0Ö2 JJ = J1J-1 
Oüi HETUKN 
Oöl C 
0Ö5 t.NTKY NVR1 
Obö C ********************** 
Ob7 C ♦ INITIALIZE READ-IN * 
OöÖ C ********************** 
üü9 C 
090 N2 = Ü 
091 N3 = N13+1 
092 J2 = MX 
093 J3 = 0 
09^ RETURN 
09b C 
096 LNTRY NVRF(A1»A2) 
097 C ***♦***»♦♦*♦♦***♦********** 
09ö C * HEAD A1»A^ FROM FILE 12 * 
jc^ c ^^«»«««««t***************** 
100 C 
lül J2 = J2+1 
102 IF (J2.Lc,MX) GO TO 2ü 
103 NP = N2+1 
10*+ READ (1^N2) P12 
lob J2 = 1 
i06 2u    Al = B12(1»J2) 
lo7 A2 = B12(2»J2) 
106 KETURN 
109 C 
HU ENTKY NVRblAl»A2) 
Hl C ****************************************** 
112 C * READ PREVIOUS ENTRY Al,A2 FROM FILE 13 ♦ 
113 C **♦******♦*********♦***♦*♦♦♦♦*****♦♦»***** 
im c 
lib IF (J3,OT,0) 60 TO 3U 
116 N3 = N3-1 
117 READ (13'N3) Bl3 
116 J3 = MX 
119 IF (iM3.EU.N13) J3 = JJ 
120 3u    Al = B13(1»J3) 
121 A2 = B13(2»J3) 
122 J3 = J3-1 
123 RETURN 
12'+ C 
12b END 

I 
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