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ABSTRACT

This paper presents a method of computer solution for sparse 

systems of linear equations of arbitrary structure by symbolic genera­

tion technique.

A computer program, SOURCE, by symbolic processing, generates 

another program, RESULT, which represents the reduced algorithm. The 

symbolic generation method used were based on Crout and Gauss-Seidel 

methods, only non-zero elements are stored and operated on. Because of 

the increasing use of large order sparse matrices and the tendency to 

attempt to solve larger order problems, great attention must be focused 

on core allocation and execution time, as these are the limiting factors 

that most often dictate the practicality of solving a given problem.

Computer programs were written in FORTRAN V language to implement 

these methods.
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CHAPTER I

INTRODUCTION

A sparse matrix is defined to be a matrix containing a high propor­

tion of elements that are zeros. Sparse matrices of large order are of 

great interest and.application in science and industry; for example, 

electrical networks, structure engineering, power distribution, reactor 

diffusion and solution to differential equations.

Computation involving sparse matrices have been of widespread use 

since the 1950s, becoming increasingly popular with the advent of faster 

cycle times and larger computer memories. Because of the increasing 

use of large order sparse matrices and the tendency to attempt to solve 

larger order problems,- great attention must be focused on core storage 

and execution time. Every effort should be made to optimize both computer 

memory allocation and execution time, as these are the limiting factors 

that most often dictate the practicality df solving a given problem.

An efficient implementation of a specified method in solving large 

sparse system of linear algebraic equations of arbitrary structure is 

described. A computer program SOURCE, by symbolic processing, generates 

another program RESULT, which represents the reduced algorithm in the 

sense that only nonzero elements are stored and operated on. In other 

words, a FORTRAN program SOURCE logically processes each of the scalar 

formulas defined in a specified method, such as Crout, Gauss-Seidel methods, 

whenever all terms vanish on the right side of a given formula, SOURCE 

records this fact; otherwise, it generates a FORTRAN statement. Such a
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statement represents a reduced formula in which only nonzero terms are 

listed. The.set of all FORTRAN statements generated constitutes another, 

program RESULT which is a reduced, executable program. In reducing the 

method for a matrix of ARBITRARY sparseness structure, we want to process 

each formula individually. This task, while of a simple nature, is ex­

tremely tedious, time-consuming, and error-prone when carried out by 

hand if order N is large. It is best accomplished by a symbolic process­

ing program such as SOURCE.

Two methods are commonly used for the solution of a sparse NxN 

system of linear equations. One is direct method "CROUT" algorithm, 

another is iterative method "GAUSS-SEIDEL" algorithm. The efficient 

implementation of the symbolic processing program that we propose is 

based on these two algorithms. The reduced algorithms have some impor­

tant features:

1. Small storage requirements: This small storage requirement 

results from storing the matrix structure bitwise. If the 

order of the matrix A is reasonably small, it would make 

little difference if the full matrix were kept in core. 

However, if the sparse matrix is of larger order, it becomes 

efficient in terms of core allocation to store only the non­

zero entries of the matrix.

2. Fast processing speed: .We can easily see that the arithmetic 

operations involve in performing a decomposition of a direct 

method, or one complete cycle of the iterative method, which 

is at least — N multiplications. For a large sparse matrix. 
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of course, the number of multiplications is extremely large. 

If only the necessary arithmetic operations are carried out, 

the execution time can be greatly reduced. In our algorithm 

we only carry out the arithmetic operations on nonzero elements.

3. Uniform linear structure: The program RESULT which SOURCE pro­

duces is a Tong, linear sequence of FORTRAN statements which 

are simple and all of the same type, therefore execution of the 

compiled program RESULT is extremely fast.

4. Efficiency to a repetitive problem: In many instances, we must 

solve system Ax = b, a number of times with a fixed sparseness 

structure but with varying numerical values of the elements of 

A or b. In this case, our algorithm is particularly efficient 

when applied to such a repetitive problem, because the symbolic 

processing by SOURCE is done once and thus the overall efficiency 

increases as the number of systems to be solved increases.
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CHAPTER II

COMPUTER SOLUTION OF REDUCED CROUT ALGORITHM

THE CROUT ALGORITHM AND ITS REDUCTION

We propose a highly efficient algorithm for direct solution of a 

sparse N x N system of linear equations

Ax .= b (2.1)

with an arbitrary zero/nonzero structure of A. This algorithm system­

atically exploits sparseness by eliminating unnecessary arithmetic 

operations and by storing information in a compact, directly accessible 

manner. It is based on the CROUT. elimi nation method, which consists of 

a factoring A into the product, A = LU, of a lower triangular matrix L 

and a unit upper triangular matrix u; and solving by backsubstitution 

the systems

- Ly = b (2.2)

Ux = y (2.3)

for y and x, respectively.

To obtain the factors L and U of A , we let m take the value 1,2,...,

N successively. For any given m , we compute

m-1
SI. =a. - Sl..^ , (2.4)
w ^m h=l zn hm

for i = Tn, m+1, ..., u. Then we successively compute

m-1
u . = (a . - SI 1u1 .)/Sl , (2.5)mg mg h=l mh hg mm

for g = m+1, m+2, ..., N. In the backsubstitution, we compute
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i-1
y. = (b . - J- H .,y,)/Sl.. , (2.6)

t h=l -i,hoh.

successively for i = 1,2,,...3N3 and

N
x. = y. - ia.-x-, , (2.7)

yi, h=v+l zh n 3

for i = N, N-l,...,1

Considering a decomposition process, in order to simplify formula 

(2..4) and (2.5), the first step is to determine which elements of L and 

U are nonzero. The reduction consists of removing all terms containing 

zero operands. The equations (2.4) and (2.5) are processed in pairs of 

batches; for each m the two batches consist of all formulas (2.4) and 

(2.5), respectively. Processing of the w-batch is analogous to processing 

of the £-batch and thus we only describe the latter.

The 5,-batch for m = 1 is simple to process since no product terms 

are involved. For a specific i, a formula is written if and only if 

a._ is nonzero. For m > 2, we produce a formula for H. if and only if 

a^m, or at least one of the products in (2.4) is nonzero. Product terms 

are eliminated in two steps. First, we preserve only those products in 

which # 0-, this selection is independent of i, and thus is made only 

once per £-batch. Second, for each I. we inspect the products selected 

in the first step and retain only those for which 0.:

The reduction of (2.6) and (2.7) is made by backsubstitution of 

the system.
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IMPLEMENTATION OF THE EFFICIENT METHOD

The efficient generation of the reduced GROUT algorithm by the 

symbolic program SOURCE is essential for making this algorithm practical. 

In fact, unless the program can be created and compiled in a reasonable 

amount of time, the cost of obtaining it may offset the gain we achieve 

by exploiting sparseness. There are several efforts implemented to over­

come it. The symbolic method was originated at the IBM Research Center 

(see 3, p. 87).

The important aspect is the efficient use of storage, since the pro­

cessing time is greatly reduced if the entire program can reside in core. 

In this respect, it is useful to associate with A its adjacency matrix 

A = fa. J which is defined by
■

a-Li 0 1

ai,3 I 0 if a. . = 0 .

Since A completely characterizes the sparseness structure of A, we 

need only A to generate the reduced GROUT algorithm and A can be stored 

bitwise. Furthermore, we consider the triangular matrices L and u as 

making up one square matrix G whose elements are

a U-'j: "i-f ^10 >
c. . = < 1,3

l-O ) -4? -x-

( u • „■ i-f -KO •

Again, as far as symbolic processing is concerned, we only deal with 

C, the adjacency matrix of 0.
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One order of storing the bits of A is characterized by the mapping 
9

K(i3j) of all pairs (i3j)3 1<LS onto the set of integers 7,2,3, ...,2V

and is represented in the following diagram:

7 N+l N+2 ... 2IV-1

2 2N ... 4N-4

2

N 3N-2 ... N

We start counting down column 1, then across the rest of row 1, down ■ 

the rest of column 2, across the rest of row 2, etc., until the full NccN 

array is exhausted. It can be defined as follows:

( (g-1) (2M-g) + i if i>g , 
K(i3g) =7 (2.8)

( i(2N-i) - N + g if i<g .

The matrix C is stored in the same order as A. Once c. . has been 

determined, is no longer needed and is stored in its place. 

Therefore, the total number of Z?-bit words required to store A and C is
p

(N A>)+1 words (£> is a 36-bit word).

The symbolic program SOURCE scans the formulas (2.4) and (2.5) in

the CROUT algorithm according to its natural order. It produces a reduced 

formula which is written as a single FORTRAN statement in terms of just 

two symbols, A and (7, which are one-dimensional arrays of length n and 

n'. These arrays contain just the n and n’ nonzero elements of matrix 
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A and c, respectively, in a "collapsed" one-dimensional form. The non­

zero elements are arranged into an array according to its natural order, 

it simplifies the compilation of RESULT and economizes on storage. A 

convenient choice for the collapsed label of a nonzero element a., is i, 

defined as the number of nonzero elements encountered in processing the 

first K(i3j) factorization formulas. Similarly, a natural choice for 

collapsed label of a nonzero element c.. is J", the number of nonvanishing 

L-U formulas which have been generated during processing of the first 

K(l3j) of those formulas. The collapsed notation for a nonzero element 

and is then A(I) or C(J), respectively. It can be defined as two 
0 

integer-valued functions of K, K=1313...,N by 

K' 
I(K) =2 a , 

h=l h
K , ,2-9)

' J(K>

The use of collapsed labels complicates SOURCE, when SOURCE scans 

through formulas (2.4) for a specific i, it involves those products 

in which =£ 0. From these products we can 

easily select those for which; 0 by refering to the adjacency 

matrix C. The problem is then to determine the label of £. and a. . ^m ^lTr 

and to retrieve the labels of 2., and u, . These labels were determined izh hm 

during the processing of the batches and are no longer directly 

accessible. ' In principle, we could build a correspondence table 

However, such a procedure would spend an excessive amount 

of time searching for each product term in every formula. The storage 

required for the reference table would be excessive which may offset all 

gains from this algorithm.



9

The program SOURCE uses nine sequences of integers of length at 

most N in generating the reduced algorithm. Some of the sequences are 

used for obtaining the collapsed formula labels, other sequences give 

the key information which is needed to generate the reduced formulas 

by a simple indexing technique.

DESCRIPTION OF THE SYMBOLIC PROCESSING

The generation of the reduced CROUT algorithm by SOURCE is achieved 

recursively at three different levels, while the program SOURCE scans the 

formulas (2.1) and (2.2) in the CROUT algorithm according to its natural 

order. The top level is with respect to a batch number m, the intermediate 

level is with respect to the elements within a given batch, and the lowest 

level is with respect to the summation over the product terms in pro­

cessing the formula associated with a given element.

The program SOURCE performs its task by simple indexing technique, 

making us of 14 sequences of integers, four of these are needed throughout 

the processing of the entire matrix. The other ten are kept and updated 

during processing of a pair of batches, five of these are used in generat­

ing reduced ^-formulas, the other five in generating u-formulas. Since 

the £-batch and u-batch are processed consecutively only five of the 

ten sequences are needed at a time, thus storage is required for only 

nine sequences. We denote the sequences by the mnemonic symbols 

c, ccj r, re, bee, b, bcr, ecc, eer, the letters in the first position refer 

to a list of addresses of u-elements in a column and it is used to process 

the ^-elements of the same column. Similarly, r in the first position 
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indicates a list of addresses of A-elements in a row used to process 

the u-elements of that same row. In addition, sequences whose symbols 

begin with r or e are heeded during the processing of the entire matrix. 

The symbols associated with the processing of an individual batch or 

element begin with the letters b or e, respectively. The presence or 

absence of the letter c in the second position indicates a collapsed or 

noncollapsed label, respectively. Finally, the letter c or r in the 

third position denotes levels of column or row elements, respectively.

Before further description of the algorithm, it is important to 

have the following sequences defined.

c(v) = K(v,m) v = 1,2,...,771-1

where c refers to a list of addresses of u-elements in a column with 

respect to the batch m.. It is used to process the ^-elements of the 

same column.

cc(v) = J(c(v)-1) v = 1,2,...,m-l

where cc refers to a list of the collapsed labels of ^-elements in a 

column with respect to the batch m.

r(t>). = K(m,v) v = 1,2, ...,m-l

where r refers to a list of addresses of ^-elements in a row with 

respect to batch m.. This list is used to process the u-elements 

of the same row.

rc(v) = J(r(v)-1) v = 1, 2,... ,m-1 
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where re refers to a list of the collapsed labels of ^-elements in a row 

with respect to the batch m. And K(i3j)3 I(K)3 J(K) are defined by 

(2.8) and (2.9).

For simplicity, the dependence of these symbols on m is not explicitly 

indicated. Figures 2.1 and 2.2 depict one-dimensional, as well as the 

natural two-dimensional, ordering of the compacted L-U matrix, respectively.

Cl C.Vll • ■ • 
ox • • •

Hi (11 
colmiiii

■I

I'rm • • •

(ill -I" 
coliinm

1
Ci(t)lr. • • •

Cr(?)o "'" Cl.V-4

1 * * <'z(.':-lHr • ’ •

row —

(m + t " D-th... 
row

Cr(l>

<■:(!)!»-

CrC-Z ' ' 1

C,(•.),.-1 •

r,(,.,-i)

■ ■ C, 1 >4 . —1

rt(n,*-r) * * *

(■»!.’:) 1 i-l

a<.v, i)i.’ ■" < i A‘- m

_r.v r3,v-i • ■ • r,(.,-i)< ,v-i

Figure

A*-”‘

2-1

CX2

izlth (»' 4 p)"*li
col umn

।
column 

|
1 *1

4> 

U1,114 p Vl.A*

h.i .'2.2 • 1 * 1 11-2. X

*

1/r-J.n * * • V?r,—* 1 Vi-.-l.N

mth row -> ?»n,l im ,3 1
U.m Ilin ,in+^ * IGn.K

(M 1-A D-th 
row

?m4T- • Zm+t-iVi-1 Zpt4 r- 1 ,m

VA'-i.A'

Za'.a* _Ix.i Ix.tn — l Z.V.m •••

Figure 2-t2

First, the symbolic program SOURCE scans the formulas (2.1), (2.2), 

and (2.3) for the batch m under collapsed one-dimensional form

m-1
Cv(m3m)+t-l = - T-1 C . , C , . +av, n (2.10)

K i)=l r(v)+t-l c(v) K(m3m)+t-l ' *
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for t = 1,2, ...3H-m+l

m-1
Y = (- £ .0 , . Y + b ) / Cv, , (2.11)

m D=1 r(v) v m Y.(m)m)

m-1
CjH^l+p = (- C C , + av™ x, ) / Cv, , (2.12)

K 1 K v=l r(v) c(v)+p K(H,m)+p K(m,m)

for p = 1,2,. ..,N-m

Since the matrix A is sparse, there are some zero terms on the

right side of the above formulas. We only need the nonzero terms in

order to eliminate the unnecessary arithmetic operations. We consider

the monotonically increasing sequence lv(g), g=l. ,g 1 (which may
,ymax > J

be empty), which consists of row numbers of 1's among the

"th.v=l,2,...,m-l (i.e., of the nonzero u-elements in the m column above

the main diagonal). Let

bee(g) = J(c(v(g) ) ) (2.13)

denote the collapsed one-dimensional label of the nonzero element as

u , x . Also, letv(g),m

b(g) = r(v(g)) = K(m,v(g)) (2.14)

denote the 7<-label (uncollapsed one-dimensional label) of the location

as (m,v(g)). Finally, set

bor(g) = J(r(v(g) )-l) (2.15)
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The mapping (2.8) is so constructed that for t=l3 2,...3N-m+l3 we have

K(m+t-l3v(g)) = K(m3v(g)) + t-1 = r(v(g)) + t-1 = b(g) + t-l3 thus, the 

sum appearing in (2.1) which can be written as 5 and is
v=l m+t-1 Uv3m

equivalent to the sum in (2.10), can be collapsed to

g 1 gu TTICLOC u TTICICC
g=l ^m+t-l3v(g) uv(g)3m - Cb(g)+t-l Cc(v(g)) (2.16)

Thus, knowing b(g) allows us to determine directly (via c) the zero/ 

non-zero structure of the subset of elements % ,,- - , g=l3...3gm+t-l3v(g)3 y 3 3ymax.

for t=l3l3 ...3N-m+i. The number of nonvanishing reduced %-u formula 

generated in processing all formulas up to and including that for 

^m-1 v(g) 1S ' The value of b(g) and of bcr(g) are used jointly

to obtain directly the collapsed labels of the nonzero elements in the 

above mentioned subset.

By (2.13), equation (2.10) can be written in semi-collapsed form as

q„  ■  ymax
K(m3m)+t-l aK(m3m)+t~l ' . C, , , (2.17)

g=l b(g)+t-l boo(g)

To finish the processing of formula (2.17) for a given t, we

examine C,, n for g=l3...3g . In case C,, X13_ n = 13 we mustb(g)H-l y 3 3ymax - b(g)+t-l

replace the uncollapsed label b(g)+t-l by the corresponding collapsed

label. If C, , = 03 we delete a term in the sum of the products.
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We can write formula (2.17) into a simpler form by further

To implement this step, we

g(s)' constitute a subsequence of

we .set

(2.18)ecr(s) + 1 = J(r(v(g(s))) + p)= bei*(g(s))

and

(2.19)ece(s) = bcc(g(s)) = J(c(v(g(s))))

where

s max

the subsequence v(g). For

belong to the set v(g). The values

Finally, we determine the collapsed labels of av, 1 andA (TH) Hl}Tb-1 

out the resulting formula (ifC„, x.j. n (if they exist) and write 

they exist).

8=7, 8■ max'

Q A umax n 
b(9>

m-1 „
J1- Cr(v)+p Cc(v) 

v=l r.

examin i ng 23.'.., N=m+1.

consider a monotonically increasing sequence {gfs), s=l,...

(which may be empty), consisting of the column numbers of I's among

VC7Z/ , , .g=l3 ...3g } (i.e. of those nonzero ^-elements in the
K(m+p3v(g))3 y J . 3ymax

(m+p)th row whose column indices

By formulas (2.18) and (2.19), equation (2.17) can be written 

in a collapsed form simply as

s
r _ max n r
J eer(s) ecc(s) Is=l

or

s
max /i /n • aC T = - y C , , C , . zf a ,, , = 0 •<J ecrts) ecc(s). m+t-l3ms=l
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or

C T = aT if 8 n JI'* max = 0

We have completed the description of the process for LY = b. The

reduction process for ux = Y is analogous to that of LY = b.

REDUCTION ALGORITHM

After reading the input data and initializing the bit map list, 

the program enters the reduction algorithm, which is written in program 

notations, as detailed below:

1. Determine the sequences bee, b, and bcr, simultaneously updating 

gc(v>3 v=1313 ...3m-l for the mth batches.

2. Determine r(m)3 rc(m)3 and gd ^jd is the collapsed formula 

label of the diagonal element St ).. m3 m

3. Process the ^-formula (2.10) and write out a reduced Crout 

formula in a collapsed form.

4. Determine the sequences bcr3 b3 and bce3 simultaneously updating 

rc(v)3 v=13 23 ...3m-l. Write out the formula for u .am

5. Determine e(m) and ee(m).

6. Process the u-formula (2.12) and write out a reduced Crout 

formula in a collapsed form.



7. Update the sequences c(v)- and rfv), y=l32,...,m-l.

8.. If m<N then m = m+1, go to step 1, otherwise stop and a - 

symbolic reduced program RESULT has been generated.

16
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PROGRAM INPUT/OUTPUT AND EXAMPLE

The program SOURCE is written in FORTRAN V and runs on the Uni vac 

1108 series. It will handle matrices up to order M = 600; Input to 

the program is by cards as follows: (1) one card containing N, the order 

of the given matrix A; and (2) [zvum/233+1 cards (num, the number of non­

zero elements of A) locating the nonzero elements by the one-dimensional 

labeling k, k = 1,2,...^N2, defined by equation (2.11).

After reading the input data and storing the sparseness structure 

of A bitwise, the program enters the reduction algorithm described in 

Chapter II.

The main part of the output is the symbolicly generated FORTRAN 

program RESULT, which represents the reduced efficient CROUT method, and 

is written on the disk.

The input to RESULT consists of two one-dimensional arrays, the 

first array represents the numerical values of the nonzero elements of

A ordered in accordance with the one-dimensional labeling as aforementioned. 

The second array consists of the elements of b. The output of RESULT is 

the solutions of equations (2.1).

To illustrate the use of our algorithm, we give a complete des­

cription of its application to the following small system of equations:
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7 0-3 0-1 0

2 8 0 0 0 0

0 0 1 0 0 0

-3 0 0 5 0 0

0 -1 0 0 4 0

0 0 0 -2 0 6

X1

x2

x3

x4

x5

X6

-11

38

0

13

11

-22

In this case, the input to SOURCE is

6

1 2 4 8 10 12 15 21 28 30 33 36

The program SOURCE which was written in FORTRAN V and is listed in 

the Appendix, program 1. The generated symbolic program RESULT is shown 

in Figure 2.3.

The numerical values of the nonzero elements of A, which are 

input to RESULT, are

7.0000000+00 2.0000000+00 -3.0000000+00 -3.0000000+00 -1.0000000+00

8.0000000+00 -1.0000000+00 1.0000000+00 5.0000000+00 -2.0000000+00

and the elements of b are

-1.1000000+01 3.8000000+00 0.0000000 1.3000000+01 1.1000000+01

-2.2000000+01

After the execution of program RESULT, we obtain the solutions of 

equations (2.1)

x(l) = -9.9999961-01

x(2) = 4.9999999+00 



19

x(3) = 0.0000000

x(4) = 2.0000002+00

x(5) = 4.0000000+00

x(6) = -2.9999999+00

To explicitly discuss the reduction algorithm, we give a complete 

description of its process to the above small system of equations.

As an example, we discuss the batch processing for m = 1,2.

At the beginning, the adjacency information grouped with respect 

to the batch number m = 1 is:

11010001010

and initialize K = 0, 1 = 0, J = 0

In step 1, we obtain

c(1) = 0, cc(l) = 0, maxc = 0, K = K+l = 1

In step 2, we update sequences r, rc

r(l) = K+l = 2, rc(l) = J+l = 1, jd = J+l=l

In step 3, since maxc = 0, all elements above the diagonal in column 1 

are zero. Reduced formulas are generated according to (2.10) and update 

I, J, K. .

I = 1+1 = 1, J = J+l = 1

since a(l) = 1, C(J) = A(I), i.e. C(l) = A(1)

To continue this processing until t = N-m+1, we obtain
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since a.(2) = 1, thus, I = 1+1 = 2,. J = J+l = 2, 0(2) = A(2)

since a(4) = 1, thus, I = 1+1 = 3, J = J+l = 3, 0(3) = A(3)

K = K+t-1 = 6

In step 4, since m = 1, the sum in (2.11) vanishes. A simple reduced 

formula generated according (2.11),

y(m) = B(m)/C(jd), i-.e. y(l) = B(l)/C(l)

K = K+l = 7

In step 4, we update sequences c, ee

c(l) = K = 7, cc(l) = J = 3

In step 6, since ma.xr = 0, all elements to the left of the diagonal, in 

row 1 are zero. Reduced formulas are generated according to (2.12).

I = I+l = 4, J = J+l = 4

Since a?8) = 1, C(J) = A(I)/C(jd) i.e. 0(4) = A(4)/C(l)

To continue this processing until p = N-m.

I = I+l 5, J = J+l = 5

since a(10) = 1, C(J) = A(I)/C(jd), -t.e. 0(5) = A(5)/C(l)

K = K+p-1 = 11

In step 7, since m = 1, no processing is needed. After the complete 

processing for batch m = 1, the program enters batch number m = 2; 

The adjacency information will be updated and appears as

11O1OOO1O1O1OO1O0O0O+

+The symbol 0 represents fill-in; i.e. an originally zero element 
became non-zero during processing.
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In step 1, since e(7) = 03 we have maxc = 0, and no intermediate sequences 

are generated.

K = K+l = 12

In step 2, we update r3 re

r(2) = K+l = 13, rc(2) = J+l = 6, jd = J+l = 6

In step 3, since maxc = 0, all elements above the diagonal in column 2 

are zero. Reduced formulas are generated according to (2.10) and update

I, J, K

I = 1+1 = 6, J = J+l = 6

Since a(12) = 1, C(J) = A(I), i.e. C(6) = A(6)

To continue this processing until t = N-m+1.

I = 1+1 = 7, J = J+l = 7

Since a(15) = 1, C(J) = A(I)3 i.e. C(7) = A(7)

K = K+t-1 = 16

In step 4, since e(2) = 1, we update sequence re

rc(l) = pc(1) +1=2, K = K+l = 17

and. form the intermediate level labels

bcr (1) = pc(1) = 2, bee (1) = cc(l) = 3

and form the bottom level labels

ecp(l) = pc(1) = 2, ecc(l) = v = 1

then write the backsubstitute formula

y(m) = (-C (ecp(l) *y (ecc(l) + B(m)) / C(jd) i.e.

y(2) = (-C(2)*y(l) + B(2)) / C(6)
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In step 5, we determine the top-level labels

c(2) = K = 17, ce(2) = J = 7

In step 6, since c(18) = 1, we form

1)00(1) =. bcc(l) +1=4.

ecr(l) = bcr(l) = 2 '

ecc(l) = boo(l) = 4

We update J by J+l, J = 8, and write the reduced formula according 

to (2.12).

C(J) = (- C(ecr(l)*C(ecc(l)) /C(jd) i.e.

C(8) = (-C(2)*C(4)) / C(6)

Next, since c(10) = 1, we form

bco(l) = bco(l)+l =5

ecr(l) = bor(l) = 2

eoo(l) =.bce(l) 5

j = j+1 = 9

C(J) = (-cfecra) *C(ecc(l)) / C(jd) i.e.

C(9) = (-0(2)*0(5)) / 0(6)

In step 7, we update c, r

c(l) - o(l)+l = 8

r(l) = r(l)+l = 3

A complete list of FORTRAN statements is shown in Figure 2.3.
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Figure 2.3
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DISCUSSION

In performing the decomposition LU = A, we have ignored the 

possibility of a breakdown of the process due to one of the diagonal 

elements, usually of L, having the value zero, so that the subsequent 

division by this value is prohibited.

For example the matrix

4 3 2 2

1- 14 4

2- 28-6

1-1-34

has the perfectly good inverse

2-224

1 2 0-2-4
14 0 2 0 -2

0 2-10

but the matrix of order three obtained by omitting the last row and 

column of A is singular, and we find

4 3 2

1 -1 4

2-2 8

B

4 1 0.75 0.5

1 -1.75 1 -2

2 -3.5 0 1

L U

We have already seen that if the last diagonal element of L 

vanishes, the determinant of the matrix A is zero, the matrix is 

singular, and there is no unique solution of the linear equations 

involving matrix A. If an earlier diagonal term vanishes, however. 
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it means only that a principal sub-matrix A has a zero determinant, and 

does not necessarily imply singularity of A. Usually these difficulties 

can be avoided by using partial positioning for size. We achieve this 

by the simple device of keeping track at each stage of which row has 

the largest element in the relevant column. But in the symbolic reduced 

algorithm as far as symbolic processing is concerned, we only deal with 

A, the adjacency matrix of A. The numerical values of A are invisible 

to the program SOURCE, and the reduced method will fail, if any sub­

matrix of A has a zero determinant, even if the matrix A is nonsingular. 

The program SOURCE proceeds under the assumption only that the diagonal 

element of C are all nonzero.

9
The entire program SOURCE requires only N bits for the bitmap, 

9N words for keeping track of key information and 5000 words of program 

itself. This compares to the total need of core allocation of the Crout 
9

algorithm which is at least N words. Thus, it makes quite a difference 

if the order of the matrix is larger than 150. Figure 2.6 shows the 

comparison of core allocation.

Another major consideration is the difference in execution time. 

A set of examples have been tested to solve an unsteady-state heat flow 

problem with fixed boundary conditions, we have solved a linear system 

of order N = 10,25,50, 75,100,125,150,175,200,225 with a sparse matrix 

of the structure indicated in Figure 2.4. Table 2.1 tabulates the 

execution time and Figure 2.5 depicts the execution time for the two 

algorithms.
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Table 2.1 Comparison of Execution Time Between 

Grout Algorithm and Reduced Crout

^\^41gori thm

Order\Time 
of x(sec)

Matrices x Crout
. Reduced 

Crout Result

10 .124 2.636 .062 .

25 .417 4.109 .152

50 1.036 7.590 .274

75 2.900 11.548 .368

100 8.913 15.273 .490

125 13.184 18.475 .655

150 22.745 23.547 .739

175 36.374 26.793 .923

200 53.814 33.950 .969

225 74.036 41.344 1.073
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Order of Matrices

Figure 2.6
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CHAPTER III

COMPUTER SOLUTION BY REDUCED GAUSS-SEIDEL ALGORITHM 

THE GAUSS-SEIDEL ALGORITHM AND ITS REDUCTION

We propose another efficient algorithm for the iterative solution 

of a sparse NxN system of linear equations. Iterative methods are used 

mainly in those problems for which convergence is known to be rapid, so 

that the solution is obtained with less work than that of a direct 

method, and for matrices of large order but with many zero elements, the 

so-called "sparse" matrices, for which elimination methods would be very 

laborious and need much storage.

An important example comes from finite difference methods for 

solving elliptic differential equations. The resulting matrix may 

have a form like 

and be of very large order. It is clear that any elimination method would

rapidly 'fill up1 the places where elements are initially zero in the 

region enclosed within the sloping lines bounding the array.

We now turn to a consideration of an iterative method for solving 

linear equations. This algorithm systematically exploits sparseness 

by eliminating unnecessary arithmetic operations and by storing informa­

tion in a compact, directly accessible manner. This is based on the



30

Gauss-Seidel method, we write the matrix A in the form, A = D + L + u, 

where D is a diagonal matrix and L and u are, respectively, lower and 

upper triangular matrices with zeros on the diagonal. Then (2.1) may 

be written

-7 -1
X.- = -D (LX., + UX.) + D b ^+1 V+1 1,

4-1™ n 1
Denote the j component of x^ by . To compute x^+1 we use the first 

equation in the form

7 N .
X. - = -(l/a11) ( J-„ a1 .X3. - b-)

z+l 11 g=2 lg -t, 1

In general

x.b+i

n
-(l/a ) (.% a .X3 + . ^ a .X3. - b ) (3.1)

rr g=l rg z+1 g=r+l rg b r

for r = 1,2, .. .,717

The first step is to determine which elements of L and u are nonzero. 

The reduction consists of removing all terms containing zero operands.

The equation (3.1) is processed with respect to the batch number r, product 

terms are eliminated in one step, we preserve only those products in 

which 0; a reduced formula is written after each batch processing 

of equation (3.1).
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IMPLEMENTATION OF THE EFFICIENT METHOD

The efficient generation of the reduced Gauss-Seidel algorithm 

by the symbolic program SOURCE1 is essential for making this program 

practical. In fact, it is the same as in the implementation of the 

reduced Crout algorithm. There are several additional points that 

need to be clarified.

The important aspect is the efficient use of storage, we store 

only the nonzero elements. One order of storing the nonzero elements 

is characterized by the mapping K(i,g) of all pairs j'5/V,
9

onto the set of integers 7, 2, 3, ..., N and is represented in the 

following diagram:

1 2 . . . N

N+l N+2 2N

2N+1 .. . .

(N-1)N+1 . ., . N2

We start counting across row 1, then the second row, etc., until

the full NxN array is exhausted. It can be defined as follows:

K(i}j) = (i-1) * N + J

g = 7,2, for each -L which -t = 1,2,
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The symbolic program SOURC1 scans the formula (3.1) in the Gauss- 

Seidel algorithm according to its natural order. It produces a reduced 

formula which is written as a single FORTRAN statement in terms of just 

two symbols a and x, which are one-dimensional arrays of length, n and 

2V. The array a contains just the n nonzero elements of matrix A and the 

array x is the solution of equation (2.1). The array a is in a 'collapsed' 

one-dimensional form, the nonzero elements are arranged into an array 

according to its natural order, which simplifies the compilation of 

RESUL1 and economizes on storage. A convenient choice for the collapsed 

label of a nonzero element a., is z, defined as the numbers of nonzero 
^=7 „

elements encountered in processing the first X. 7 formulas. It can be 'ViJ. a
defined as an integer-valued function of k, k=l,2,...,N by

k
Kk) = J1- a, 

h=l h

When SOURCE1 scans through formula (3.1) for a specific r, it 
involves those products a •k-,3,', d=l, 2,... ,r-l and a .x3., g-r+1, r+23 

yg 'LT 1 yg i.

The labels are determined during the processing of the r-batch 

and it amounts to incrementing I by 1.

The solution of the linear equations (2.1) is shown in (3.1) 

which can be reduced to a simpler form. We consider a monotonically

increasing sequence Ikseq(h), 72=7,...,^^} (which may be empty), con­

sisting of the column numbers of the l/s among a.., 5=1,2,..Let 
t'O

kseq(h) = I( K(i,j) ) (3.2)

iseq(h) = j (3.3)
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denote the collapsed one-dimensional label of the nonzero element a. .. 
^9

Also, let jd be the collapsed label for the diagonal element

By (3.2) and (3.3) equation (3.1) can be written in a collapsed 

form as

max
x(r) = -1/a.. (- a7 ' ,, . * x. + b(r) ) (3.4)

gd n=l kseqCh.) ^seq(h)

for ' r = 1,2,.. .,N.
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PROGRAM INPUT/OUTPUT AND EXAMPLE

The program SOURCT is written in FORTRAN V and runs on the 

Univac 1108 series. It will handle matrices up to order N = 600. 

Input to the program is by cards as follows: (1) one card containing 

N, the order of the given matrix A, and (2) NUM, the number of nonzero 

elements of ith row of matrix A and [NUM/231 + 1 cards locating the 

nonzero elements by one-dimensional labeling k, k = (i-D^N+a, 

g = l,2,...,N.

After reading the input data, the program enters the reduction 

algorithm described in Chapter III.

The main part of the output is the symbolically generated FORTRAN' 

program RESUL1, which represents the reduced efficient Gauss-Seidel 

method, and is written on disk.

The input to RESUL1 consists of two one-dimensional arrays, the 

first array represents the numerical values of the nonzero elements 

of A ordered in accordance with the one-dimensional labeling mentioned 

above. The second array consists of the elements of b. The output of 

RESUL1 is the solutions of equation (2.1).

To illustrate the use of our algorithm, we give a complete descrip­

tion of its application by using the same example as in Chapter II.

In this case, the input to S0URC1 is

6

3 1 3 5

2 1 2

1 .3

2 14

2 2 5

2 4 6
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The program SOURC1 as written in FORTRAN V is listed in the 

Appendix, program 2. The generated symbolic program RESUL1 is shown 

in Figure 3.1.

The numerical values of the nonzero elements of A, which are 

part input to RESUL1, are

7.0000000+00 -3.0000000+00 -1.0000000+00 2.0000000+00 8.0000000+00

1.0000000+00 -3.0000000+00 5.0000000+00 -1.0000000+00 4.0000000+00

-2.0000000+00 6.0000000+00

and the elements of b are

-1.1000000+01 3.8000000+00 0.0000000 1.3000000+01 1.1000000+01

-2.2000000+01

After the execution of program RESUL1, we can get the solutions 

of equations (2.1) which are shown as

x(l) = -9.9999961-01

x(2) = 4.9999999+00

x(3) = 0.0000000

x(4) = 2.0000002+00

x(5) ='4.0000000+00

x(6) = -2.9000000+00
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To illustrate the processing of our algorithm, we give a complete- 

description of the process by using the same example as in Chapter II.

At the beginning, the program reads n, the order of matrix A and 

initializes j = 0.

Then, the program starts to simplify (3.1) by removing all product 

terms which contain zero elements. A set of FORTRAN statements will be 

generated.

As an example, we discuss the batch processing for r = 1. We obtain 

(num, iseq(k), k = 1, num) by reading the input data, then formula (3.1) 

can be reduced into a simpler form by (3.2) and (3.3)

We find that

d + d+li dd =: d = update d = d+i = 2

-tseq(l) = 3, kseqCl) = d = 2, update d = d+1 = 3

i.seq(2) = 5, kseq(2) = d = 3

We know from (3.1)

x(r) = -(-B(r) + A(kseq(l) ) * x(iseq(l) )+ A(kseq(2) ) *x(-Lseq(2) ) )/a(dd) 

i.e.

x(l) = + A(2)*x(3) + A(3)*x(5))/A(l)

The generated FORTRAN statements are listed in Figure 3.1.
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1» . p r A L * ‘4 A ( 12). n ( f- ) ,X ( 6 ) , Y ( 6 >
2* RFAD(P ,20> ( A(K ) ,r = 1 . 12)

■3* 2 3 FORMAt(SL 14.7)
‘4 « PF A D ( R , 2O.END=99) ( P ( k- ) .K = 1 , 6)
r. 4 PF ‘4(1 L = 1 , 6
6* X(L)=2 .
7* M C Y(L)=D •
P* : I COUNT = n
c * S C I COUNT =ICOUNT+1

1 C» IF ( ICOUNT .GT . 300 ) GC TO 70
11* X ( 1)=-(-P( 1 )*A ( ? ) »X ( 3 ) 4A ( 3)*X( 5)

12* # ) / A ( 1 )
1 3* X < 2)=-(-F( 2 ) + » ( 4 ) *X ( I >
1 »» » ) / A ( E> )
1 E' * X ( 3 ) - F ( 3 ) / A ( A )
1 t’i X ( *4 ) = - ( - B ( 4 ) 4 A ( 7 ) * X ( 1 )
1 7# * ) / A ( P )
1 B* X ( 5)=-(-P ( 5 )4A ( ° ) * X ( 2 )
1 Q» * ) /A ( 10 )
2 r * X ( 6 ) - - ( - p ( 6 ) 4," ( 1 1 )*x < 4 )

2 1* * ) / A ( 1 2 )

2 2* 00 60 L=1, 6
2 3* TF «r = AP s ( Y (1. ) - X 1 L ) )
2 “* IF<TFmp.GT.1E-04) GO to p r

2C » 6 0 CCNTINIJF
2 6 * 7000751=1, 6

.27* r.PITE(6,e = ) 1 , X ( I )
2 P * P 5 FC'Rmat(25X,’X( • .15, • ) = 1 , F 1 4.7 )
2 9* 75 CONTINUE
3 0* 25 FCFMAT(20X,’ THE ITrpATIVr MFTHPD FAILED*)
3 1 * STOP
3.2* FCre<’OL = l, 6
3 3* Y < L ) = X ( L )
34* »C CONTINUE
3 0* . GO TO E 0
36* 9 o F N D

Figure 3.1
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DISCUSSION

This paper has shown that the efficient Gauss-Seidel method is 

applicable to a given system if the existence of convergence is known 

and the diagonal of matrix A contains no zero elements. If it does 

have zero elements but A is nonsingular, it is always possible to get a 

non-singular matrix by permuting rows and columns. But there is no 

guarantee that the approximation of the permuted matrix will converge 

to the solution, unless the matrix can satisfy theorem 3.1 or 3.2. 

If the rate of convergence is known to be rapid, then this method can 

be valuable.

Theorem:_3J With A written in the form A = L + D + u, which can 

be solved for x.,n to give

-7 -7
= *(D + L) Ux. + (D + L) b■v+1 t

Let B = -(D + L)-1 U3 a" sufficient condition for convergence is then 

that |] (D + <1, where || || is the spectral radius of B (see

1, p. 432).

Theorem:If the matrix A is both symmetric and positive 

definite, the Gauss-Seidel iteration converges independently of the 

initial vector (see 1, p. 432).

The entire program SOURC1 requires only 2N words for storing the 

key information to locate the nonzero elements and the symbolically 

generated program RESULT stores only the nonzero elements. This compares 

to the total need of core allocation of the Gauss-Seidel algorithm 
9 .

which is at least# words. Thus makes quite a difference if the order 

# of the matrix is larger than 100. Figure 3.3 shows the comparison 

of core allocation.
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Another major consideration is the execution time. In Order to 

test the execution time of our algorithm, we use the same examples as 

in Chapter II. A set of results are listed in Table 3.1 which verifies 

that the reduced method is much more efficient. Figure 3.2 shows the 

comparison of execution time.
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Table 3.1 Comparison of Execution Time Between
Gauss-Seidel Algorithm and Reduced Gauss-Seidel

—-—_A1 gori thm

Orders Time 
of X5ec)

Matrices Gauss-Seidel
Reduced 

Gauss-Seidel RESULT

10 .190 1.864 .106

25 .913 2.769 .149

50 3.682 4.198 .317

75 6.643 5.101. .459

100 14.540 6.655 .669

125 18.918 8.178 .737

150 29.101 8.780 .921

175 37.125 10.501 1.048

200 48.186 11.769 1.370

225 59.359 13.957 1.570
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COMPARISON OF TWO METHODS

It should be emphasized that there are no hard-and-fast rules 

in choosing between direct method, and iterative method. Usually much 

depends on the form of the matrix,' the rate of convergence, and so on. 

For most matrices, iterative method requires more computation to achieve . 

a desired-degree of convergence than the direct method. Iterative methods 

are used mainly in those problems for which convergence is known to be 

rapid, so that the solution is obtained with much less work than that 

of a direct method. Iterative methods are particularly advantageous for 

the very large matrices that often occur in numerical solution of partial 

differential equations.

The efficiency of an algorithm will be judged by two main criteria 

besides the accuracy of the solution: (1) How fast is it? (2) How much 

core does it use?

These two criteria are aimed at the evaluation of algorithms for 

the solution of high-order systems (100 equations or more) on a digital 

computer. Because of the formidable amount of computation and core 

allocation requires to solve (2.1) for large systems, the need.to 

answer the questions is clear.

A set of examples have been tested on both methods to solve an 

unsteady-state heat flow problem with fixed boundary condition. The 

results, including core allocation and execution time, show that the 

Gauss-Seidel method may compare favorably with the Grout method. In 

general, this may not be true, because the density of these matrices 

is low and the rate of convergence is very fast.
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C MAIN PROGRAM
c after Reading the input data and initializing the bit map list,
C The PROGRAM ENTERS the REDUCTION ALGORITHM, WHICH IS based on the
C CROUT METHOD’ AS DETAILED BELOW

IMPLICIT INTEGER (B,C,E,R) 
common /AREA1/IPOINT,IWoRD(IOoOO) 
common /AREa2/N,M,I,J,K,JD»MaXIC»C<600),R<60D)»cCI6D0>,RC(600), 

•8(600) . BCR(600) . BCC(600) 
DIMENSION ICARD112) 
DIMENSION INPUT(16) 
CALL CPUT I M( I VAL 1 ) 
COMMON /ArEA3/ECR(6Q0),ECC(6Q0> 
IPOINT’I 
1=0 
J = 0 
K=0 
DO 50 KK=1 . 1 0000 
I AORD(KK)=0 

50 CONTINUE 
I PO 1 NT=1 
READ(5,10 ) N 

1o format(215)
3 read(5,20,END = 21 ) ( INPUT( I I ) ,I I = 1 ,16>

20 format(16i5)
C INITIALIZING the bit map list 

DO 30 11=1,16
CALL store( 1 NPUT( I I ) , 1 ) 

30 CONTINUE
GO TO 3

21 CONTINUE
c enter The REDUCTION ALGORITHM

DO 40 M= 1 , N 
CALL CHART1 
call chartz 
call charts 
CALL CHARTS 
1 F ( M • eQ • N ) GO To *?9 
CALL CHART5 
CALL CHART6 
CALL CHART? 

40 CONTINUE 
99 CONTINUE 

ENDFILE 2 
rewind 2 
WRITE(3,400)[,N,J»N,N

400 F0RMAT<T7,*REAL»4 A(*,I5,*),B(,,I5»,),C(’,I5,,).Y(*,15,*),X(• 
• I 5 , • ) • )

W R I T E ( 3,4 1 0 ) I 
410 FORMAT<T5,’5 READ(5 , 1 0 , END = 99) (A( I ) , I = 1 , * i I 5, • ) • )

WR I TE(3,420 ) 
420 FORMAT<T4 10 F0RMAT( 1 P5E 1 4,7) * )

WR 1 TE(3,450) N
450 FORMAT I T? , •RE AD (5,10) (B( I ) , I = I ,’ , I 5 , ’ ) • ) 

98 READ(2’60,END = 999) ( I CARD( I I ) , I I = 1 , 12) 
60 format<i2a6)

WRITE(3,6o) ( ICARD! I I ) .I 1 = 1 , 12) 
GO TO 98 

999 CALL CHARTS
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W R I T E ( 3 , H 3 0 )

H30 F0RMAT(T7t•wR^TE(6»£i0),)
WR I TE ( 3,440)

440 FORMAT(14,«HO FORMAT(5X , * *THE SOLUTIONS OF EQUATIONS AX * B 
•,////)*)
WRITE(3,47O) N

470 F0RMAT<T7,1D0 30 I^l.'.lS)
WR I TE(3,471 )

*171 FORMAT < T7 , • wR J TE ( 6,20 ) I ,X( I ) • )
WRITE(3,472)

472 FORM AT < T** . * 20 F 0 R M A T ( I 0 X , * * X ( * ’ , I 5 , • • ) = » • , 1 P E 1 . 7 ) * )
WR I TE( 3,473 )

473 FORMAT<TH,»30 CONTINUE*)
WRITE(3,500)

500 FORM AT < T 7 , •Go To 5 * )
WRITE(3,51O)

5 1 0 FORMAT<TH,•99 END * )
. CALL CPUTIM(IVAL2)

I E=( I VAL2- I vAL 1 )*200
WR I TE(6,66) I VAL 1 , I VAL2 , IE

66 FoRMATUH ,///,* THE CPU TIME 1S • »3l 10)
ENDFILE 3 
STOP 
END

SUBROUTINE ST0RE(K , IB00L )
C STORE THE INFORMATION INTO THE BIT MAP. 

COMMON /AREA1/IP0INT,iW0RD(10000) 
KK=K-1 
I=KK/36+ 1 
J=MOD<KK,36) 
FLO(J,1 , 1 WORD( I ))- I BOOL 
return 
End

INTEGER FUNCTION I B I T(K )
C INITIALIZING the bit map.

common /AREaI/IP0INT,iW0RD<10000) 
kk=k-1
I=KK/36+l
J = MOD(KK » 36)
IblT = FLD<J. 1 , IWORD( I ) ) 
return 
end

SUBROUTINE get(JBIT)
C RETRIEVE THE INFORMATION FROM THE BlT MAP. 

common /AREAl/IPOINT, I WORD < 1 ooOo) 
DATA I/-!/ 
1 = 1 + 1
IF( I.LE . 35 ) GO TO 10 
1=0
IPOINT=IPO I NT+ 1

10 JBIT = FLO< I ,1 , 1 WORD( I POI NT ) ) 
RETURN 
entry PUT
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C STORE The INFORMATION InIO The bit map.

FLO( I ,1 , I WORD( I POI NT) ) = 1 
RETURN 
end

SUBROUTINE CHaRTI
C DETERMINE ThE SEQUENCES BCC.B.AND BcR» SIMULTANEOUSLY UPDATING
C CC< <-V) fV=i ....................  FOR the NTH Batches.

IMPLICIT INTEGER ( B , C , E , R) 
COMMON /AREa1/IPOINT,IWoRD(1OOOO) 
COMMON /AREa2/N,M,I ,J,K,JD.MAXlCiC<600) , R(600) »cC(600),RC(600) ,

•B(600).BCr(60U>,BCC(600)
k = k-»-i
l Ve 1 
I c = o 
mm=m-i
IF(M.eq•1) GO To 30

10 I F ( I B I T ( c ( I V ) ) • EQ .0 ) GO TO 20 
cc < 1 V ) =CC( I V ) ♦1 
IC=IC+ 1 
BCC( Ic)=cc( I v ) 
B( I C ) »R( I V ) 
BCR( I C ) =RC< I V)

20 IF t I V.EQ.MM) GO TO 30
IV=I V* 1
GO TO 10

30 MAX IC=IC
RETURN 
end

SUBROUTINE CHART2
C DETERMINE R(M),RC(M), AND JD (JD is The COLLAPSED FORMULA label 
c OF THE DIAGONAL ELEMENT L(M,M)).

IMPLICIT INTEGER (B , C,E , R>
COMMON /AREA2/N,M,I»J,K,JD.MAXlCiC<600).R(600)»CC(600)»RC(600)»

•B(600)>BCr(600),BCC(6D0)
R(M)=k* 1
RC < M)=J* 1
JD=J*1
RETURN
end

subroutine CHArT3
C PROCESS The L-FORMUlaS and WRITES OUT a REDUCED cROUT FORMULA IN A
C COLLAPSED FORM

IMPLICIT INTEGER (B,C,E,R)
COMMON /AREA1/IPOINT,IWORD(1OOOD)
common /AREa2/N,M,I,J,K,JD,MAX1C»C<600),R(600).CC<6001,RC(600),

•B<600) » BCR < 600 I » BCC<6 00)
COMMON /areA3/ECR( 600 ) , ECC<600)
IF(MAXIC.EQ.O) go to 80
I T= 1

I 0 Ic=1
ID = D

20 IF< IBIT(B< Ic ) + I T-1 ) • EQ • 0> GO TO 30
BCR< IC>=BCR( IC > * 1



ID=ID* 1
ECR(lt))=BCR(IC>
ECC( ID ) =BCC( IC )

30 I F < M AX I C • EQ . I C > GO TO *< 0
I C= I C + 1
GO TO 20

HO CALL GET(JBIT)
1F(JBIT.Eq.0) Go TO 60
IF< ID.EQ.O) GO TO 50
I = 1*1
J = J* I

C WRITE F3
CALL PR I NJ2( ID)
I D = 0
GO TO 7u

501=1*1
J = J* 1

C AR 1 TE F 1
AR ITE(2,350 ) J » I

350 FORMATtlH ,T7, *C( * » 1 5 , * ) =A( • , 15,• ) ' )
GO TO 70

60 IF < ID.EQ . 0 ) GO TO 70
J = J* 1
CALL PUT

C AR ITE F2
Call PR I NT 1 ( I D>
1 D = 0

70 1F(IT.Eq.(N-M*11) RETURN
k = k* 1
l T= I T* 1
GO TO ID

80 CALL GET(JB I T )
IFtJBlT.EQ.O) GO TO 90
I = 1*1
J = J ♦ 1

C W R 1 T E F 1
A R I T E ( 2,3 5 0 ) J . 1

90 I F<K • EQ•< (M-1 )•(2«N-M)*N) ) RETURN
K = K* 1
GO TO 80
ENO

subroutine chaRth
C DETERMINE The SEQUENCES BCRjB, AND bCC» SIMULTANEOUSLY UPDATING
C RC<V ) , V= 1 , 2 , . . • , M-1 FOR THE MTH BATCH AND WRITE OUT THE
C FORMULA for Y(M).

IMPLICIT INTEGER (B.C.E.R)
common /AREAl/lPOINT.lWORDtlOOOO)
COMMON /AREa2/N,M,I,J,K,JDiMAXIC,C<600).R<600)iCC<600)>RC(600),

•B< 600) . BCR(60U) »BCC(600)
COMMON /AREA3/ECR(600 ) . ECCI 600)
DATA LC , LY , LP/' "C( ’ .’ )•YI •i’ ) »/
K = K*1
I V= 1
I C = 0
MM=M-1
1F < M-EQ • 1 ) GO TO 30

10 1 F< I B I T(R( I V) I • EQ•0 ) GO TO 20
RC < I V)=RC( I V)* 1
I C= I C*1



B C R ( I C > = R C ( 1 V )
B( 1C)=C( I V)
BCC( I C> =CC( 1V)
ECR < I C > =RC( I V)
ECC< I C > = I V

20 I F < IV.EQ.MM) GO TO 30
I V= I Vf- I
GO TO 10 

30 MaXIC=IC
IF < IC.NE.O) GO TO RO 

C W R I T E B I
AR I TE(2,300) M . M , JD

300 F0RMAT<T7,’y(,»I5.,)=B(,.I5,')/C(’»I5»’)’) 
return

C W R I T E B 2 
HO IP=IC-3

I F < IP.LE»O) GO TO 50
ARlTE(2,310) M.(LC.ECR(1I).LY,ECC(II),LP,II=1,3)

310 FoRMAT<T7,»y(’»I5,,)»(,,3(A3,15,AR,i5,.AI)I
ARITE(2,32O) (LC,ECR(II),LY,ECC(II),LP,II=H,IC>

320 FoRMAT<(T6,»*'.3(A3,I5,A4,I5,A1)))
GO TO 60

50 ARITE<2,310) Mi (LC>ECR< I I ) »LY ,ECC( I I > »LP , I I = 1 , IC) 
60 WRITE(2,350 ) M•JD

350 FoRMAT<T6,•••,**B(*,I5l,))/C(*,I5,,),)
RETURN 
end

SUBROUTINE CHARTS
C DETERMINE C(M) and CC(M).

IMPLICIT INTEGER (B.C.E.R)
common /AREa2/N,M, I »J,K,JD,MAXlC,C<600) , R(600 ) » CC< 6 00 ) .RC(600) »

♦B(6D0)»BCr(600)>BCC(600)
C(M)=k
CC < M ) =J
RETURN
end

SUBROUTINE CHaRT6
c process the u-formula and write a Reduced crout formula in a
C COLLAPSED FORM.

IMPLICIT integer (B.C.E.R)
COMMON /area 1 / I poiNT,iword< 1 oooo)
COMMON /AREa2/N,M,I,J,K,JD.MaXIC,C<600),R(600),cc(600),RC(600)»

*B(600)»BCr(600),BCC(600)
COMMON /AREa3/ECR(600) ,ECC( 600)
I F<MAX IC.EQ.O) GO TO 80
I T= I

10 Ic=1
I D = 0

20 I F ( I B I T(B( I c> + I T ) .EQ.0> GO TO 3q
BCC( I C> =BCC( IC>♦1
I D= I D*1
ECR I I D ) =BCR( IC >
ECC( ID>=BCC( I C ’

30 IF(MAXIC.EQ.IC> GO TO HQ
1 Ce 1 C*1
GO TO 20

HO CALL GET(jBlT)



IF(JBIT.EQ.O ) GO TO 60 
IF<1D.EQ.Q) GO TO Sj
I = 1 + 1
J = J+ 1

C W R I T E F 3 
CALL pH INTB( ID >
10 = 0 
GO TO 7(3

50 1=1+1
J = J+ 1

C WRITE Fl 
WRITE(2,3DO) J»I.JO

300 F0RMAT<T7,1C(,»15,*)=A(,il5,«)/C(*il5,*)»)
GO TO 70 

60 IF < 10.EQ.0 ) GO TO 70
J = J+ 1

C WR I TE F2
CALL PR I NJ3(ID > 
CALL put 
10 = 0

70 IF( 1T.EQ. (N-M) ). RETURN
K = K+ 1 
IT=IT+l
GO TO 10 

80 CALL GET(JB J T )
I F (JBIT . EQ.0) Go TO 90
I = 1 + 1
J = J+ 1

C WR 1 TE F 1
WR I TE( 2,300) J»I .JO

90 1F(K.EQ«<M*(2»N-M))) RETURN
K = K+1
GO TO BO 
end

SUBROUTINE CHART7
C UPDATE the SEQUENCES C<V> AND R(V) » V=1 , 2 , • . . ,M-1 

IMPLICIT integer (B,C,E,R) 
COMMON /APEa2/N,M,I,J,K,JD.MaXIC«C(600),R(600),(:c(600),.RC(600).

•B(600)»BCR(600),BCC(600) 
MM=M-1
IF < MM . LE • 0 ) RETURN 
DO 10 I V =1 .MM 
C(IV)=C(Iv)+1
R( 1 V ) =R( I V) + 1

10 CONTINUE 
RETURN 
end

SUBROUTINE PR I NT4( I 0) 
IMPLICIT INTEGER (B,C,E,R) 
COMMON /AREa2/N,M,I »J,K,JD»MAXlC»C<600> ,R(600).»CC<6003 » RC < 6 00 ) »

•B(600)iBCr(600>»BCC(600) 
COMMON /AREA3/ECR(600)»ECC<600>
DATA Il,I2lI3,M,I5,I6.I7/,-C(,,,C(•»*)•C(*,*)•,•l=<,l,)/C(•,,A(•/ 
I P= ID-2
IF( IP.LE-0) GO TO 10
WRITE(2,1OO) I 2 , J , I;5 , I7,I,I4,(I1,ECr(II),I3,ECC(II),1H,II = 1,2)
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WR1TE(2,11O) (UiECRdl), 13,ECC (II),14,11=3,ID)

110 F0RMAT<(T6,,*,»3(A3,I5>A^iI5,aH)) 
GO TO 20

ID ARITE(2,1OO) I2,J,I5,I7,I,M,(I1,eCr(II),I3,ECC(1I),I4,II=1,ID)
100 F0RMAT<T7,A2fl5,A3,A2,I5,Al»2(A3,l5.A4,l5,Al))

2 0 V.RITE(2,120) l6, jdi 14
120 FORMA J<T6 , • • • , A 4 , I 5 , A 1 )

return
end

SUBROUTINE PR I NT3( I D)
IMPLICIT INTEGER (B,C,E,R)
common /AREa2/N,M,I ,J,K,JD,MAXlC,C<600) , R(600 ) , cc< 6 00 ) , RC(6 00) ,

•B(600)»BCr(600),BCC(6DO)
common /AREA3/ECR(600) , ECC< 600 >
DATA 11, 12, I 3 , 14, IS, I 6 » I 7/1 -C(’,’C< * » * » »C(*.*)•,♦) = (•,•)/€<♦, • A( • /
I P=ID-3
IF<IP.LE.O) GO TO 10
WRITE(2,100) I2,J,I5,(I1,ECR(II),I3,ECC(II),14,II=1,3)

I 0 o F0RMATlT7,A2>l5,A3,3(A3,15,A4,I5,Al))
A'R I TE ( 2,1 1 0 ) (I1,ECR(II),I3,ECC(II),I4,II=4,ID)

1 I 0 F0RMAT((T6,*»*,3(A3,I5,A4,I5,Al))) 
GO TO 20

10 WR I TE(2 , 1 00 ) I 2 , J , 15 , ( I 1 ,ECR( 1 I ) , 13 ,ECC( I I ) , 14 , J I = 1 , 1D)
2 0 WR I TE(2,120) I 6,jd,14

120 FORMAT 1T6 , ••• , A4 , I 5 , A 1 )
RETURN
END

SUBROUlTNE PRINT2(ID)
IMPLICIT INTEGER (B , C , E , R )
COMMON /AREA2/N,M,I,J,K,JD,MAXlC,C<600),R(60u),CC(600),RC(600),

•B(600) , BCR(600> i BCC( 600)
COMMON /AREA3/ECR(600 ) »ECC< 600 )
DATA I1,I2iI3,14,I5,I6/,C(,,*)*C(*>*)1,,-C<,,,A(»,,)=*/ 
IP=ID-2
I F < I P. LE•0 ) GO TO 10
WRlTE(2,100) I1»J.I6,i5,I,I3,(I4,ECr(II),12,ECC(II),I3.II=1,2)

100 F0RMAT<T7,A2,l5,2A2,I5,Al,2(A3»I5,A4,lS,Al))
WRITE(2,110) (I4,ECR(II),i2,ECC(II),I3»II=3,id)

110 F0RMATUT6,**,»3(A3,I5,A4,I5,Al))) 
GO TO 20

10 WRITE(2,100) I1.J,I6,I5,I,I3,(I4,ECR(II),I2,ECC(II),I3,II»1,ID)
20 RETURN 

end

SUBROUT INE PR I NT 1 ( ID)
IMPLICIT INTEGER (B.C.E.R)
common /AREA2/N,M,I,J,K,JD,MAXlC,C<600),R(600),CC<60p),RC(60u),

•B('S>00)»BCR(600),BCC<600)
COMMON /AREA3/ECR(600)»ECC<600>
DATA I1,I2»I3,I4,IS,I6/,C(,»,),C<*>*>*>,-C(*»,A(*,,)=*/
I P = I D - 3
IF< IP.Le*O) GO TO 10
ARITE<2,100) I1iJ»I6,(I4,eCR(II),I2,ECC<II>,13,ii=1,3)

100 F0RMAT<T7,a2.iS.a2,3(a3,15,a4,I5,a1))
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WRITE(2,11O) (M,ECR(II),I2,ECC(II>,I3»II=*<,ID)
110 FORMAT((T6,«**,3<A3,I5,A‘1,I5,A1)))

GO TO 20
10 WRI IE(2 , 100 ) I 1 , J , I 6 , ( M , ECR( I 1 ) , I 2 ,ECC( I 1 ) , I 3 . I 1 = 1 , ID)
20 RETURN

end

SUBROUTINE CHARTS
c write out the reduced formula for Solution xii),i=i,n

IMPLICIT INTEGER (B,C,E,R)
COMMON /AREA2/N,M,I,J,K,JD,MAXlC,C<600),R(600).CCt600)iRC(600),

•B(600 ) > BCr(600 > ,BCC( 600)
COMMON /AREA3/ECR(600) , ECC( 600)
DATA LC , LX>LP/’-C I’.' 1 *x<•»•>•/
AR ITE(3,300 1 M . M

300 F0RMAT<T7,’x(’»lS,,)=Y<’.lS»,)'l
MM=M-1
DO 100 L = MM, 1,-1
I V = N
I D = 0

1 0 I F ( I V .LE »L ) GO TO 30
IF<IBlT(C(L)>eEQeO) GO TO 20
I D = I D ♦ 1
ECR( ID > =CC 4 L)
ECC ( I D ) = 1 V
CC(L)=CC<L)-1

20 I V= I V-1
C ( L ) «c < L)-1
GO TO 10

30 IF < ID.NE.O) GO TO HO
WRITE( 3,300 ) L > L
GO TO 100

HO WRITE<3,31O) L»L>ECR(1),ECC(1)
310 FORMAT<T7,*X<*»I5.,)SY(,»I5»»)»,*-C(*,I5,*)»X(*.I5»*)*>

I F < ( ID-1 ).LE.U1 GO TO 100
WRITE(3,32O) (LC.ECRl II),LX,ECC(II>,LP»II=2,ID>

320 FORMAT<(T6.,«,>3(A3,I5,AH,I5,A1)))
100 continue

RETURN
END
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OUTPUT OF PROGRAM SOURCE

SYMBOLIC GENERATED PROGRAM

RESULT
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REAL*b At 281),B( 57), Cl 4H6) , Y( 57 ),X( 57 )
5 RE AU(5 , I 0 , EN0 = 99) (All), 1 = 1, 281)

1 U FORM AT( 1 P5E M. /)
READ ( 5 , 1 G ) < B ( I ) , I = 1 , 57 )
C ( 1 ) =A ( 1 )
C ( 2 ) = A ( 2 )
C ( '3 ) =A( 3 )
C ( 4 ) =A ( 4 )
C ( 5 ) =A ( 5 )
C ( 6 ) =A ( 6 )
Y ( 1 ) =B ( 1 ) /C I 1 )
C ( 7 ) = A ( 7 ) /C < 1 )
C ( 8 ) =A I 8 ) /C ( 1 )
C ( 9 ) =A < 9 ) /C ( 1 )
C ( I U ) =A( 1 U ) /C( 1 )
C ( 1 1 )=A ( 1 1 ) /C I 1 )
C ( 1 2 ) = A ( 1 2 ) /C( 1 )
C I 1 3 ) =A I 1 3 ) 7C( 1 )
C ( 1 4 ) = A ( 14 ) /C ( 1 )
C ( 1 5 ) =A I 1 5 ) /C I 1 )
c < 1 6 ) = A I 16)-C ( 2 ) *C ( 7 )
C ( 1 7 ) =-C( 3 ) *C I 7 )
C ( 1 b ) =-C< 4 ) »C ( 7 )
C I i 9 ) =A ( 1 7 )
C ( 2u ) =A( 1 8 )
C ( Z 1 ) =-C( 5 ) *C ( 7 )
C ( 22)=-C ( 6 ) »C ( 7 )
Y ( 2) = (-C ( 2 ) «Y ( 1 )

» + B ( 2 ) ) / C < 1 6 )
C ( 23) = (A ( 19)-C ( 2 ) *C ( 8 )

• ) /C ( i 6 )
C ( z4 ) = (A< 2C ) -C( 2 ) »C I 9 )

♦ ) /C I 16)
C ( 2 5 ) = ( A I 21 )-C ( 2 ) «C ( ID )

♦ ) /C ( 1 6 )
C I 2o ) = (A I 22)-C ( 2 ) »C I 1 1 )

• ) /C ( I 6 )
C ( 2 7 ) = ( A ( 23 ) -C < 2 ) »C ( 1 2 )

• ) /C ( 1 6 )
C ( 2b) = (A ( 24)-C ( 2 ) *C < 13)

• ) /C ( 1 6 )
C ( 29 ) = (a < 25)-C( 2 ) *C ( 1 4 )

• ) /C ( 1 6 )
C ( 3u)=(A( 26 ) -C( 2 ) «C ( 15)

» ) /C ( 1 6 )
C ( 3 1 ) = A I 2 7 )
C ( 32 ) =A( 28 )
C ( 33 ) =A( 29 )
Y ( 3 ) =B I ’ 3 ) /C < 3 1 )
C ( 34 ) =A( 3u ) /CI 3 1 )
C ( 35 ) =A I 3 1 ) /C I 3 1 )
C I 36)=A( 32 ) -C < 32)»C( 34 )
C ( 37 ) =-C( 33)*CI 34 )
Y ( 4) = (-C ( 32)•Y( 3 )

• + B < 4) )/C I 36 )
C ( 3b) = (-C < 32 ) »C( 35 )

• ) /C ( 36 )
C ( 39 ) =A I 33 ) X
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C ( 1u)=A( 34 )
C ( 4 1 )=A ( 3b )
Y ( b ) =b ( 5 ) / C < 39 )
C ( 42 ) = A < 36 ) /C( 39)
C ( 4 J ) =A ( 37 ) /C( 39 )
C ( 44)=A( 38 ) /C( 39)
C ( 4b)=A ( 39 ) /C( 39 )
C ( 46 ) =A ( 4U)-C( 40)»C( 42 )
C ( 4 7 ) =A ( 4 1 )
C ( 4 d ) = - c ( 4 1 ) ♦€< 42 )
Y ( - 6) = (-C ( 4 u ) • Y( 5 )

* + B ( 6 ) ) /C ( 46 )
C ( 4V ) =A ( 42 ) /C( 46 )
C ( bu ) = ( A ( 43 ) -C < 4(J ) »C ( 43 )

♦ ) /C ( 46 )
C ( 5 1 ) = ( A ( 44 ) -C( 40 ) *C( 44 )

♦ ) /C ( 46 )
C ( 52) = (A ( 45)-C( 4U)«C( 45)

• ) /C ( 46 ) •
C ( bd ) =A( 46)-C( 4 7 ) * c ( 49 )
C ( b 4 ) = - C ( 48 ) »C( 49 )
Y ( I I = (-C ( 47 ) «Y( 6 )

• ♦B ( 7) ) /C( 53 )
C ( bb) = (-C ( 4 1 )*C( 50 )

• ) /C ( b3)
C ( b 6 ) = ( - C ( 47)*C( 5 1 )

• ) /C ( b3 )
C ( 57 ) = (-C( 471»C( 52 )

• ) /C ( b3 )
C ( bb ) =A( 4 7 ) -C < 3 ) ♦ C C 8 ) -0 ( 1 7 ) • c ( 23 )
C ( bV ) =A < 4 8)-C < 4 ) *C < 8 ) -C ( 1 8 } * c < 23 )
C ( 6U ) =-C < 1 9 ) «C( 23 )
C ( 6 1 ) =-C ( 20 ) *C( 23 )
C ( 62)=A( 49 )
C ( 63 ) =-C ( 5 ) *C ( 8 ) -C ( 2 1 ) • C ( 23 )
C ( 64)=-C( 6 ) »C ( 8 ) -C ( 22)»C( 23)
Y ( b) = (-C ( 3 ) • Y ( 1 )-C( 1 7 ) ♦ Y ( 2 )

• + B ( 8 ) ) /C ( 58 )
C ( 6b ) = ( A < 50 ) -C( 3 ) «C < 9 ) -C ( 1 7 ) * C < 24 )

♦ ) /C ( 58 )
C ( 66 ) = (-C( 3 ) *C < 10 ) -c ( 1 7)*c( 25)

• ) /C ( 58 )
C ( 6 / ) = (-C( 3 ) »C ( 11 )-C( I 7 ) *C( 26 )

• ) /C ( 58 )
C ( 68 ) = (A < 51 )-C ( 3 ) *C ( 12)-C ( 17)*C ( 27 )

• ) /C ( 58)
C ( 69)=(-C( 3 ) »C ( 13)-C ( 17)*C < 28 )

• ) /C ( 58 )
C ( 7u) = (-C ( 3 ) *C ( 14)-C( 1 7 ) «C( 29 )

« > /C ( 58 )
C ( 71 ) = (-C < 3 ) *C < 1S)-C( 17)»C ( 30 )

• ) /C ( 58 )
C ( 7 2 ) = A ( 52)-C < 4 ) »C ( 9 ) -C ( 1 8)*c( 24 )

• -c ( 59 ) <c( 65 )
C ( 7 3 ) = - C < 1 9 ) »C( 24 ) -C( 60 ) *C( 6b )
C ( 7 4 ) = - C ( 20 ) «C( 24 ) -C( 6 1 )»C( 65 )
C ( 7b)=-C( 62 ) *C< 65 )
C ( 7 6 ) = - C < 5 ) »C ( 9 ) -C ( 2 1 ) *C( 24 ) -C( 63 ) *C I 65 )
C ( 7 7 )=A( 53 )
C ( 7b)=-C< 6 ) »C ( 9 ) -C ( 22 ) *C( 24 ) -C( 64 ) »C( 65 )
Y ( 9) = (-C ( 4 ) * Y ( 1 ) -C ( 1 8 ) ♦ Y ( 2 ) -C < 59 ) * Y( 8 )

♦ + B ( 9 ) ) /C ( 72 )
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C ( T1 ) = ( -C ( 4 ) *C ( 1C )-C < 1 8 ) «C( 25)-C( 59 ) *C( 66 )
) /C ( 72 )
C ( du ) = (-C( 4 ) *C ( 1 1 ) -C ( 18)«C( 26)-C < 59 ) *C( 67 )
) /C ( 72)

C ( u1 ) = (-C ( 4 ) * C ( 12 ) -C( 18 ) *C( 27 ) -C( 59 ) <C( 6b)
) /C ( 72 )
C ( bZ ) = (-C( 4 ) »C ( 13)-C ( 1 8)*C( 28)-C( 59 ) *CI 69 )
) /C ( 72 )
C ( nJ)=(-C( 4 ) »C < 14 ) -C( 1 8 ) »C < 29)-C< 59 ) »C( 70)
) /C ( 72)
C ( tfH) = (-C ( 4 ) «C ( 15)-C( 1 8 ) *C( 30 ) -C < 59)*C( 7 1 )
) /C ( 72 )
C ( bb ) =A( 54 )
C ( b6)=A ( 55 )
Y ( Lu ) =b ( 1 0 ) /C( 85 )
C ( b 7 ) = A ( 56 ) /C < 85 )
C ( b b ) = A ( 57 ) /C( 85 )
C ( bV ) =A( 58 ) -C < 19)«c( 25)-0( 60 ) *C < 66 )
-c ( 73)*C ( 79 ) -C( 8 6 ) • C C 87 )
C ( Vu)=A ( 59 ) -C( 4 1 ) «C < 43 ) -C( 48 ) *c( 5 0 )
-c ( 5 4)*C ( 55 )
C ( V 1 ) =A( 6U )
C ( V2 ) =-C( 2b ) *C( 25 ) -C( 61)«C( 66 ) -C( 74 ) »cI 79 )
C ( V3 ) =-C( 62 ) «C( 66 ) -C( 75 ) »C( 79 )
C ( V4)=-C ( 5) »C ( 10 ) -c( 2 1 ) *C( 25)-C( 63 ) »C( 6 6 )
-c ( 76 ) »C ( 79 )
C ( v b ) = - C < 7 7 ) • C ( 79 )
C ( Vb ) =-c( 6 ) «C < 1 0 ) -c < 22 ) *C( 25 ) -C( 64 ) »C < 66 )
-c ( 78)»C ( 79 )
Y ( 1 1 ) = (-c ( 1 9 ) • Y ( 2 ) -C ( 60 >•Y( 8 ) -C < 73 ) •Y( 9 )
-c ( 86 ) *Y( 10)
+ b ( 1 I ) ) /C( 8 9 )
C ( V/ ) = (A( 61)-C( 19)»C( 26 ) -(. ( 6u ) *C( 6 7 )
-c ( Z 3 ) • C ( 80)-0( 86 ) »C ( 88 )
) /C ( 89 )

C ( 98 > = (-C ( 1 9 ) «C( 27 )-C( 6 0 ) • C ( 68 ) -C( 73 ) *C( 8 1 )
) / C ( 8 9 )
C ( VV) = (-C ( 19)»C( 28 ) -C( 60)»C( 69 ) -C < 7 J ) «C( 82 )
) /C ( 89 )
C ( 1uu)=(A( 62)-C ( I 9 ) ♦€( 29)-C ( 60 ) *C( 70 )
-c ( 73)»C ( 83 )
) /C ( 8 9 )
C ( 1u1)=(-C( 19)•€( 30 ) -C( 60 ) *C( 7 1 ) -C( 73 ) »C( 84 )
) /C ( 8 9 )
C ( I u2 ) =A( 63 ) -C( 41 )»C ( 44)-C( 48 ) »C( 5 1 )
-c ( 54 ) *C < 56 ) -C( 90)»C ( 97 )
C ( 1u3)=A( 64 ) -C( 91 )«C ( 97 )
C ( 1u4)=-C< 20 ) *C( 26)-C( 6 1 )«C( 6 7 ) - C I 74)*C( 80 )
-c ( 92 ) *C ( 97 )
C ( 1 u 5 ) = - C ( 62)•C( 6? ) -C( 75)«C( 80)-C( 93)*C( 97 )
C ( 1u6)=-C( 5 ) «C ( 11)-C( 21)»C( 26)-C( 63 ) »C < 67 )
-c ( 76)*c ( 80)-C < 94)»C( 97 )
C ( Iu7)=-C< 77 ) *C( 8(j ) -C < 95)*C( 97 )
C ( 1 ub ) =-(. ( 6 ) «C ( 11)-C( 22)♦€( 26)-C ( 64 ) *C( 67 )
-c ( 78)»C( 80)-C ( 96)«C 1 97 )
C ( 1 u9 ) =A( 6 5 )
Y ( 1 2 ) = (-C( 4 j ) • Y ( 5 ) -C ( 48)•Y ( 6 ) -C ( 54 ) •Y ( 7 )
-c < 9 (J ) • Y ( 1 1 )
+ B ( 12) ) /C ( 1 02 )
C ( 11u)=A( 66 ) /C( 1 U2 )
C ( 1 1 I ) = (-C ( 9u)*C( 98 )
) /C ( I u2 )
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C ( 112)=(-C< 90 ) ec( 99 )

* * > /C ( 102)
* C ( 1 I 3) = (-C ( 90 ) *C( 100 )
» • ) / C ( 102)
* C ( 1 M) = (-CI 9u)»C( 10 1)
e • ) /C ( 102)
e c I 11 S ) = ( A ( 67) -C( 4 I )ec( 45)-C( 48)eC( 521
* «-c ( 54)»C( 57)
n ♦ ) /C ( 102)

C ( 116)=A( 68)-C( 103)ec< 110)
* C ( 117)=-C( 104)ec( 1 10)
* C ( lid)=-c( 105 ) ec( 110)
M C ( 119)=-C ( 1 06 ) ec( 110)
* C ( 12U)=-C( 107)ec( 110)

C ( 121)=-C( 108)ec( 110)
* C ( 122)=-C< lb9)ec( 110)

Y ( 13)=(-C( 91)ey( 11)-C( 103 ) *Y( 12)
* ♦ + B ( 1 3 ) ) / C ( 116)
* C ( 123)='(-C( 91)ec( 98 ) -C( • 103 ) *C( 111)

•)/C( 116)
* C ( 1 24 ) = (-C( 91)ec( 99)-C( 103)ec( 112)
* ♦ ) /C ( 1 16)

C ( 12b) = (-C ( 91)eC( 100)-c( 1 0 3 ) • C ( 113)
• * ) /C ( 116)
► C ( 126)=(-C( 9 I )ec ( 101)-c< 103)ec( 114)
* • ) /C ( 116)
♦ C ( 12 7) = (-C ( 103)»C ( US)
* • ) /C ( 116)
* C ( 1 2d ) =A( 69)-C( 33)ec( 35)-C( 37 ) eC( 38 )
* Y ( 14) = ( -C ( 20 ) *Y( 2 ) -C ( 33 ) eY( 3 ) -C ( 37)eY ( 4 )
* *-c ( 6 1 ) ♦ Y ( 8 ) -C ( 74 ) »Y( 9 ) -C ( 92)e Y( 1 1 )
* *-c ( 1u4)«Y( 12)-C( 117)eY( 1 3 )
» ♦ ♦B < 14) ) /C ( 1 2d )
♦ C ( 129)=(-C( 2u)*C ( 27 ) -C ( 61 ) eC( 68 ) -C( 74)eC( 8 1 )
» *-C( 92)*C C 98)-C( 104)*C1 1 1 I )-C( 1 1 7 ) *C < 123)
» * ) /C ( 128 )
» C ( 13U > = (-C( 20 ) *C( 28)-C( 61)ec( 69)-C< 74 ) ec( 82 )
* *-c ( 92)ec( 99)-C( 104 ) ec ( 1 12)-C( 117)eC ( 124)
e • ) /C ( 128 )
* C ( 131 ) = (-C( 2u)*C( 29)-C( 61 ) eC( 70)-C( 74 ) eC( 83)
* *-c ( 92 ) »c( 1uo >-c < 104)•€( 1 13)-C( 117)ec ( 125 )
» .* ) /C ( 128 )
* C ( 132)=(-C( 2u)»C ( 30)“C( 61 ) eC( 71)-C( 74 ) ec( 84 )
* *-c< 92)*C( 101 )-C( 104)«c ( 1 14)-C( 117)ec ( 126 )
* • ) /C ( 128)
* C ( 133)=(-C( 104)»C( 115)-C( 117)eC( 127)
» • ) /C ( 128 )
* C ( 134)=a( 70>-C( 62)eC( 68)-C( 75)et( 8 1 )
* •-C ( 93 ) ec( 98 ) -C( 105)*C( 111)-C( 118 ) ec ( 123)
* C ( 13b)=-C ( 5)eC( 12)-C ( 2 1 ) ♦ C ( 27 ) -C ( 63 ) »C( 68 )
* •-Cl 7 6 ) e c ( 81 )-C ( 94)«C ( 98 ) -c( 1 06 ) eC < 111)
* *-c < 1 1 9 ) ec( 123 )
* C ( 136)=-C( 77)ec( 81)-C( 9b)«C< 98 ) -C < 107)ec( 111)
* *-c < 1 20 ) ecI 123)
» C ( 13/)=-C< 6 ) ec ( 1 2 )-C< 22)*C( 27)-C I 64 ) eC ( 68 )
• • -c ( 78)ec( 81 )-C ( 96)•€( 98)-C( 108)ec( 111)
• • -c ( 121)ec( 123)
* C ( 13b)=-C < 1 09)ec( 111)-C( 122)eC( 123)
• Y ( 15) = (-C ( 62)*Y( 8 ) -C ( 75)ey( 9 )-C < 93)eY ( 1 I )
* • -c ( 1 U5 ) * Y( 12)-C( 1 1 8 ) • Y ( 13)
• * + B ( 15 ) ) /C( 134)
» C ( 139) = (-C < 62 ) »C( 69)-C( 75)«C( 8 2 ) - C ( 93)eC( 99 )
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• -C I 1 uh)»C I 1 1 2)-C < 1 1 8 ) • C ( 124)
• ) /C ( 134:

C ( 14u) = (-C ( 62)•€( 70 ) ~C( 75 ) *C( 83)-C( 93)•€( 1 00 )
*-c ( 1 us)*c < 113)-C < 1 I 8)»C( 125)
* ) /C ( 134)

C ( 141)=(-C( 62)»C ( 71 ) -C( 75)*C < 84 ) -C( 93 ) «C( 101 )
•-c < 1u5)»c( . 114)-C( I 18)»C( 126)
* ) /C ( 134)

C ( 142) = ( -C ( 10b ) *C ( 115)-C( 118)«C ( 127)
* ) /C ( 134)

C ( 1 43 ) =A( 7 1 )
C ( 1 44 ) =A( 72 )
C ( 1 4b)=A( 73 )
Y ( 16)=B( 1 6 ) /C( 143)
C ( I 46 ) =A< 74 ) /C( 143)
C ( 147)=a( 75)/C( 143)
C ( 14B)=A( 76 )
C ( 1 4V ) =A( 77 )
Y ( 17)=B( 1 7 ) /C1 148)
C ( 1 bu ) =A( 78 ) /C < 148)
C ( 1b1 )=A ( 79 >-C( 1 44 ) »c( 146)
C ( 1b2)=-C< 1 45 ) *C( 146)
C ( 1b3)=A ( 80 )
C ( 1b4)=A( 8 1 )
Y ( 18)=(-C( 144)•Y( 16)

» + B < 1 8 ) ) /C( 151 )
C ( 1 5b) = (-C( 1 4 4 ) * C ( 147)

♦ ) /C ( 151 )
C ( 1 56 ) =A( 82 ) 7C ( 151 )
C ( 1b 7)=A( 83)/C < 151 )
C ( 1b8)=A( 84 )
C ( lb9)=A( 85 )
C ( 16U)=A ( 86)
C ( I 6 1 ) =A( 8 7 )
C ( 1 62)=A( 88 )
C ( 1 63 ) =A( 89 )
Y ( IV)=B( 1 9 ) /C( 158)
C ( 164)=A ( 9U)/C( 158)
C ( 16b)=A( 9 1 ) /C( 158 )
C ( 1 6 6 ) = A ( 92 ) /C( 158)
C ( 1 67 ) =A( 93 ) 7C( 158 )
C ( 1 68)=A( 94 ) /C( 158 )
C ( 16V)=A( 95)/C( 158 )
C ( 1 7 u ) = A ( 96)-C ( 15 9)»c ( 164)
C ( 1 71 )=A ( 97 ) -C( 160)*C( 164 )
C ( 172)=A ( 9 8 ) - C < 161)«C( 164)

. C ( 1 73)=A ( 99)-C < 162)*C( 164 )
C ( 1 7 4 ) = A ( 1 00 )
C ( 1 7b ) =-C( 163)*C( 164)
Y ( 2d) = (-C < 15V)•Y( 1 9 )

• + B < 20 ) ) /C( 1 7o )
C ( 1 7b) = (A < 101)-C( 1 59 ) *C( 165)

• ) /C ( 1 70 )
C ( I 7 / ) = ( A ( 102)-C( 159)«CI 166)

* ) /C ( 170)
I 78) = (A < 103)-C( 1 59 ) *C( 167)

• ) /C ( 1 70 )
C ( 17V) = (A ( 104 ) -C< 1 59 ) *C( 168)

• ) /c < 1 70 )
C ( 18U)=(A( 1u5)-C( 1 59)*C < 16 9)

* ) /C ( 1 70 )
C ( 1 8 1 ) = a ( 1 06 ) -C< I 60 ) *C( 165)-C( 1 7 1 ) • C ( 176)



60
C ( 1 b2)=A( 1 07)-C( 161)itl 16b)-C( 1 72 ) *C < 176)
C ( I 8 J ) = A ( 108)-C < I 6 2 ) *( ( 165)-C( 1 73 ) «C « 176)
C ( 18 4)=-C ( 174)*C( 176)
C ( 18b)=-C< 163)»C < 1 65 ) -C( 1 7b ) «C( 176)
Y ( 21 ) = (-C < 1 6u)*Y( 1 9 )-C( 1 7 1 ) • Y ( 20 )

* + B ( 21))/C( 18 1)
C ( 1 86 ) = (A( 109)-C( 1 6 U ) • C C 1 66 ) -C( 1 7 1 )»C( 177)

* ) /C ( 181 )
C ( 1 87 ) =A( 110)/c( 181 )
C ( 1 88 ) = (A( 1 1 1 )-C < 160)»C( 167)-C( 17 1 )* C < 178)

• )/c ( 18 1)
C ( 189)=(-C( 160)*C( 168)-C( 171 )*C ( 179)

• ) /C ( 181 )
C ( 1VU)=(-C( 16u ) «C ( 1 6 9 ) ( 171)*C ( 1 80 )

• ) /C ( 18 1)
C ( 1 9 1 ) =A < 1 12)-C < 1 6 1 ) ♦ C < 166)-C( 172)«C( 177 )

•-C ( 1 82 ) «C( 186)
C ( 1 9 2 ) = A ( 113)
C ( 1 9 3 ) = A ( 1 14)-C < 1 62)»C( 1 6 6 ) - C ( 1 73)»c( 177)

• -c ( I 83 ) *C( 186)
C ( 1 94)=-C( 1 74 ) *C < 1 7? ) -C( 1 84 ) •(. < 186)
C ( 19b)=-C( 163 ) *C < i 66)-C( 1 7 5 ) • C < 177 >-C( 1 85 ) *C < 186)
Y ( 22)=(-C( 161 ) »Y( 19)-C( 1 72)*Y( 20)-C( 1 82 ) •Y( 2 1 )

•*B ( 2 2 ) ) / C ( 19 1)
C ( 19b)=(A( 115)-C< 182)*C ( 187 )

« ) /C ( 19 1)
C ( 197)=(A< 116)-C( 1 6 1 ) »C( 167 )-C( 1 12 ) *C( 178)

*-c ( i 82 ) *C < 188 )
* ) /C ( 191 )

C ( 198)=(-C( 16 1 )»C < 1 68)-C( 172)»C ( 1 79)-C( 1 82 ) «C( 189)
♦ ) /C ( 19 1)

C ( I 99 ) = (-C< 16 1 ) *C < 1 6 9 ) -C( 172 ) *C( 1 80 ) -C( I 82 ) *C( 190)
» ) /C ( I 9 I )

C ( 2Uu ) =A ( 117)-C ( 192)*c( 196)
C ( 2U 1 ) =A( 118)
C ( 2U2)=A( 119)-0( 183)*c( I 87)-C( 1 9 3 ) * C ( 196)
C ( 2U3 ) =-C< I 84 ) *C ( 1 a 7 ) - c ( 194)»C( 196)
C ( 2U4)=-C( 185)*C( l 87 ) -C( 195)*C( 196)
Y ( 23)=(-C( 192 ) «Y ( 22 )

* + B ( 23))/C( 20u )
C ( 2bb)=A I 1 20)/C( 200 )
C ( 2U6 ) = (A( 121)-C( 1 92)«C( 197)

* > /C ( 200 )
C ( 2U7)=(-C( 1 92)«C( 198)

♦ ) /C ( 200 )
C ( 2bb) = (-C ( 192 ) *C( 199 )

* ) /C ( 200 )
C ( 2u9)=A( 1 22 ) -C( 2 0 1 ) * C( 20b )
C ( 2 1 J ) =A( 123)
C ( 2 1 1 ) =A ( 124)-C( 202)«C( 205 )
C ( 212)=-C( 2u3)*C< 205 )
C ( 2 1 3 )'=-C ( 204)*C( 205 )
Y ( 24 ) =» ( -C ( 2 0 1 ) * Y ( 23 )

• + B < 24) )/C < 209 )
C ( 2 1 4 ) = A 4 1 25 ) /C( 209 )
C ( 21b)=(A( 1 26)-C( 201)*C( 206 )

• > /C ( 209 )
C ( 216) = ( -C ( 201 )«C < 207 )

* ) /C ( 209 )
C ( 217) = ( -C ( 201)*C( . 208 )

• ) /C ( 209 )
C ( 2 1 8 ) =A ( 127) -C ( 210)»C < 2 14)
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H C ( 21 V) = !\( 128)
It C ( 22J ) =A( 129)-C( 2 1 1 ) • C ( 2 14)
* C ( 221)=-C( 212)*C < 2 14)

C ( 222)=-C( 213)*C ( 214)
t Y ( 2b) = ( -C ( 21U)»Y( 24 )
* * + t) ( 25))/C( 2 18)
1 C ( 223)=A( 13U)/C( 2 18)
1 C ( 224 ) = (A( 131)-C( 210)*C( 215)
It * ) /C ( 2 18)
e C I 225)=(-C( 21U)*C( 2 16)
it ♦ ) /C ( 2 18)
it C ( 226)=(-C( 21u)*C( 217)
n • ) /C ( .218)
* C ( 227)=A( I 32 ) -C( 2 1 9 ) »c( 223 )
* C ( 22b)=A( 133)
* C ( 229)=A( 134)-C( 220 ) »C 1 223)
» C ( 23u ) =-C( . 221 )*C < 223 )

C ( 23 1 ) =-C( 222)»C( 223 )
► Y ( 26 ) = (-C( 219)*Y ( 25 )

♦ + B ( 26 ) ) /C < 227 )
► C ( 2J2 ) =A( 135)/C ( 227 )
it C ( 233 ) = (A( 136)-C( 2 1 9 ) * C ( 22 4 )
* ♦ ) /C ( 227 )
i C ( 234) = (-C ( 219)*C ( 225 )

• ) /C ( 227 )
k C ( 23b)=(-C( 219)*C( 226 )

* ) /C ( 227 )
k C ( 236)=A( 1 37)-C < 2 2 8 ) e C ( 232 )
* C ( 2 3 7 ) =A( 138)
» C ( 23B ) =A( 139)-C ( 229 ) »C( 232 )
* C ( 239 ) =-C( 2 3 0 ) * C ( 232 )
fc C ( 24u ) =-C< 23 1 ) »C( 232 )
k Y ( 2 7 ) = ( -rC ( 228 )*Y ( 26 )
k « + B ( 27 ) ) /C 1 236 )
k C ( 24 1 )=A( 1 4 U ) / C ( 236 )
It C ( 242 ) = (A( 141)-C( 228)*C( 233 )

* > /C ( 236 )
k C ( 243 ) = (-C( 228 ) *C ( 234 )
k • ) /C ( 236 )
» C ( 244)=(-C( 228 ) *C( 235)
* • ) /C ( 236 )
* C ( 245 ) =A < 14 2 >-C < 237 ) *c( 24 1).
» C ( 246 ) =A( 1 43 ) -C < 238).c< 24 1 )
• C ( 247)=-C< 239)«C( 241 )
♦ C ( 248)=-C( 240)»C( 24 1 )
* Y ( 28)=(-C( 2 3 7 ) * Y ( 27 )
♦ * + B ( 28 ) )/C( 24b)
• C ( 249 ) = (A( 1 44)-C < 237)«C( 242 )
* • ) /C ( 24b )
* C ( 2bu) = (-C( 237 )»C < 243 )
* «)/C( 245 )
• C ( 2b 1 ) = (-C < 2 3 7 ) * C ( 244 )
e • ) /C ( 245)
* C ( 2b2)=A( 1 45)-C( 162)*C( 167)-C1 17 3 ) •C1 178)
• vc< 183)»C( 1 88 ) -C( 1 93 ) *C1 197)-C1 202)*C < 206 )
* •-c < 2 1 1 ) «C < 215)-C ( 22o ) *C1 224)-Cl 229)*C< 233 )
* •-c< 238)*c( 242)-C( 246)•Cl 249 )
♦ C ( 2b3 ) =-C( 1 74 ) «C < 178)-C< 1 84 ) *C1 188)-C« 194)*C < 197 )
• •-c< 2 u 3 ) ♦ c < 266 ) -C( 2 1 2 ) *C 1 215)-C( 22 1 ) *C1 224 )
* • -c< 23U)*C < 233)-CI 239)*C < 242)-Cl 247)«C1 249 )
• C ( 2b4)=-C( 1 6 3 ) • C < 1 67)-C1 175)*C1 178)-C( 1 85 ) «C < 188)
< *-c< 1 9b ) »c( 197)-C < 204)»C < 2U6)-C1 2 1 3 ) «C1 . 2 15)
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*-c( 222)* C < 224)~C( 231 ) *C < 233)-C( 24u)eC( 242 )
*-c ( 24BJec< 249 ) '

Y ( 2?)=(-C( 1 62 ) *Y( 19)-C( 173)»Y( 20)-C( 1 83)e Y( 21 )
• -c < I 9 3)»Y( 22)-C( 202 ) •Y( 23)-C( 21 1 )eY ( 24 )
• -c < 220)»Y( 25)-C( 229)•Y( 26)-C( 238)eY( 27 )
*-c ( 2H6 ) *Y ( 28 )
* +B ( 29) )/C( 252 )

C ( 25b) = ( -C( 162 ) *C( 1 68 ) -C( 173)*C( 179)-C( 1 83 ) eC( 189)
*-c ( 193)»C < 1 98)-C( 202 ) *C( 207 )-C ( 21 1 )eC ( 2 16)
*-c ( 220 )*C < 225 ) -C< 2 2 9 ) e C ( 234)-C( 238)eC( 243 )
♦ -c< 246)»C( 250 )
* ) /C ( 252 )

C ( 256)=(-C( 1 6z ) *C( 169 ) -C( 1 7 3 ) * C ( 180)-C( 1 83)ec( 190)
• -c ( 193)eC( 1 99 ) -C( 202 )»C < 208)-C( 21 1 )ec I 2 17)
»-c ( 220 ) »C( 226)-C( 229)»C( 235 )-C ( 238 ) eel 244 )
• -c ( 246)ec( 25 1)
• ) /C ( 252 )

C ( 257)=A( 1 46 ) -C( 1 45)ec( 147)-C( 149)eC( 150 )
•-C < 152>eC( 155)-C( 1 7*| ) ec ( , 179)-C( 184)ec( 189 )
• -C ( 194 ) ec ( 1 98 ) -C( 203 ) »C( 207)-C(• 212)*C < 2 16)
• -C ( 221)ec( 225)-C( 23q)ec( 234)-C< 239 ) eC I 243 )
• -c ( 247 ) ec( 250)-C< 253)»C( 255 )

C ( 258)=A( 14 7 ) -C < I 63 ) ec( 1 68)-C( 175 ) ecI 179)
*-c < 1 ti5 ) e c ( 189)-C< 1 95 ) ec( 1 98 ) -C( 204 ) eC I 207 )
•-c ( 2l3)ecl 216)-C( 222 ) •€ < 225)-C( 231 )eC < 234 )
•-c< 240 ) ec( 243)-C( 248)»C< 250)-C( 254 )eC < 255 )

C ( 259)=-C( .153) ec ( 155)
C ( 26u)=-C( 1 54)ec( 155)
Y ( 30) = (-C ( 14b)•Y( 16)-C( 149)ey ( 17)-C( 152)eY I 1 8 )

*-c< 174 ) ey( 20)-C( 1 8q ) eY( 21)-C( 1 94 ) eY( 22 )
•-C < 2u3 ) ey( 23)-C( 2 I 2 ) »Y ( 24)-C ( 2 2 1 ) e Y I 25 )
»-c ( 230 ) ey( 26 ) -C < 239)eY ( 27)-C ( 247)eYI 28 )
*-c < 253 ) e Y( 29 )
* + B < 30))/C( 257 )

C ( 261 ) = (A( I 48)-C( 17r)ec( 1 80 ) -C( 1 84 ) eC < 190)
• -c ( 1 94 ) ec( 199)-C( 203 )*C < 2u8)-C( 212)ec ( 2 17)
♦-c ( 221)eC( 226)-C( 23g)«C < 235)-C( 239 ) eC < 244 )
*-c < 247)ec( 2 5I ) - C ( 253)ec( 256 )
* ) /C ( 257 )

C ( 262)=(-C( 1 5 2 ) * C. ( 156 )
* ) /C ( 257 )

c < 263)=(-C( 1 52 ) «C( 157)
* ) /C ( 257 )

C ( 264)=A( 149)-C < 1 63)ec( 169)-C ( 1 7 5 ) e C ( 1 80 )
*-C( 1 85 ) e c( 190)-C( 1 95)eC( 199J-CI 204 ) ec( 208 )
*-c< 2 1 3 ) * c ( 217)-C( 222)*C( 226)-C( 23 1 )ecI 235 )
•-C < 240 ) *C C 244 ) -C( 2 4 8 ) e c ( 251)-C( 254)ec( 256 )
• -C < 258 ) eC( 26 1 )

C ( 265)=-C( 259)ec( 26 1 )
C ( 266 ) =-C( 260 ) *C < 26 i )
Y ( 31)=(-C( 1 63 ) •Y( 19)-C< 1 75 ) eY( 20)-C( 1 8b ) eY( 2 1 )

♦-c ( 19b ) eY ( 22 ) -C( 204)ey( 23 ) -C( 2 1 3 ) e Y ( 24 )
*-c< 222 ) ey( 25)-C < 23 1 ) ey( 26) -C( 24u ) eY I 27 )
*-c ( 248 ) e Y( 28)-C( 25h)eY( 29)-C( 258 ) eY I 30 )
•.♦B ( 31 ) ) /C( 264 )

C ( 26 7 ) = (-C( 258 ) «C( 262 )
• ) /C ( 264 )

C ( 268)=(-C( 25b ) »C( 263 )
• ) /C ( 264 )

C ( 269 ) =A( 1 50 )
C I 2 7u)=A( 151 )
C ( 2 71 ) =A( 152 )
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C ( 2 7 2 ) = 4 ( 153)
C ( 273)=A( 154)
C ( 274 ) =AI 1 55 )
Y ( 32 ) =b( 32 ) /CI 269 )
C ( 27b ) =A I 1 56 ) /CI 269 )
C ( 2 7 6 ) = A I 1 57)/C1 269 )
C ( 2 7 7 ) = A I 158)/C < 269 )
C ( 27B ) =AI 1 59 )/C < 269 )
C ( 2 7 9 ) = A ( 16U)/C( 269 )
C ( 28U ) =A 1 1 6 1 ) /C( 269 )
C ( 2b 1 ) =A 1 1 62 ) -C < 270)*CI 275)
C ( 282)=AI 1 63)-CI 271 )*C < 275 )
C ( 283)=A< 1 64)-CI 272)«CI 275 )
C ( 284 ) =A I 165 ) -C I 273 ) «c1 275 )
C ( 28b ) =A I 166)
C ( 286 ) =-C I 274)«CI 275 )
Y ( 33 ) = (-CI 27u)*Y( 32 )

♦ ♦Bl 33 ) )/CI 28 1 )
C ( 287) = (A < 1 67 ) -CI 2 7 o ) * c ( 276 )

• I /C ( 281 )
C ( 288 ) = (A I 1 68)-CI 27o ) •€< 27 7 )

* ) /C ( 28 1)
C ( 28V)=(A( 1 69)-CI 27(j ) *C I 2 78 )

• ) /C ( 28 1 )
C ( 2 9 U ) = ( A I 17O)-C< 270)*C( 2 79 )

• ) /C ( 28 1 )
C ( 291 ) = (A I 171 )-C( 27u ) »CI 280 )

* ) /C ( 28 1 )
C ( 292 ) =A I 1 72 ) -CI 271 )*C < 276)-C< 282)*CI 287 )
C ( 293 )=A I 1 73 ) -CI 2 7 2 ) ♦ C 1 276)-C( 283)*C < 287 )
C ( 294 ) =A I 17 4)-C < 2 73 ) *CI 276)-CI 284)»c< 287 )
C ( 29b)=-CI 285)*CI 28? )
C ( 296)=-C < 274)*CI 276 ) -CI 286)♦C I 287 )
Y ( 34)=(-C( 27 1 ) •Y( 32)-C I 282 )♦Y I 33 )

•♦Bl 34) )/C I 292 )
C ( 29/ ) = (A I 1 75 ) -C < 2 7 I )iC( 277)-CI 282)*CI 288 )

• ) /C ( 292 )
C ( 298)=AI 1 76 ) /C < 292 )
C ( 299 > = (A I 1 77 ) -CI 27 1 ) «C I 278)>CI 282)*CI 289 )

• > /C I . 292 )
C ( 3UU) = (-C 1 27 1 )«C( 279)-C < 282)*C( 290 )

• ) /C I 292 )
C ( 3ul ) = I-C I 27 1 ) »C < 280)-CI 282 ) *C I 29 1 )

♦ ) /C ( 292 )
C ( 3U2)=A t 178 ) -C I 272)*C 1 277)-CI 283 ) *C I 288 )

♦ -c< 293)*CI 297 )
C I 3U3)=AI 179)
C ( 3U4)=A( 1 8u)-C< 2 7 3 ) • c I 2 7 7 ) -C I 284 )»c < 288 )

*-c I 294 ) *c I 297 )
C I 3ub)=-C < 2 8 5 ) • C < 288)-CI 295)*CI 297 )
C I 3U6)=-C I 274)«C I 277)-CI 286)*C1 288)-C< 296 ) «C1 297 )
Y I 35) = (-C I 272)*YI 32 ) -C I 283 ) *YI 33)-CI 293 ) •Y( 34 )

• + B < 35) )/C I 302 )
C I 3U7) = (A < 1 8 1 )-CI 293)*CI 298 )

• ) /c ( 3U2 )
C I 3U8) = (A < 1 82 ) -CI 272)•€I 278)-C( 283)*C1 289 )

•-c< 293 )»C I 299 ) •
• ) /C I 3U2 )

C I 3u9 ) = (-CI 272 ) *C I 279)-CI 283 ) »CI 290)-C< 2 9 3 ) • C ( 300 )
• ) /C I 3U2 )

C ( 3 1 U) = I-C I 272 ) *C I 280)-C 1 283 ) *C I 291 )-C 1 293 ) »C( 30 1 )
• ) /C I 302)
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1 C ( 3 1 1 ) = A ( 1 83)-C( 303)»C( 307 )
1 C ( 3 1 2 ) = A ( 184)
1 C ( 313)=A ( 185)-C < 294 ) «c( 298)-C( 304)* C < 307 )

C ( 314)=-C( 295)»C < 2 9 8 ) C ( 305)«C( 307 )
If C ( 315)=-C( 296 ) «C < 298 ) -C( 306)*C( 307 )
* Y ( 36) = (-C ( 303)•Y( 35 )
1 * + B ( 36) )/C < 311)
If C ( 3 1 6 ) =A ( 1 86)/C( 311)
If C ( 3 1 7 ) = ( A ( 1 8 7 ) - C ( 303 ) »C( 308 )
M • ) /C ( 3 11) •
* C ( 31B) = (-C ( 303)*C.( 309 )
If • ) /C ( .311)

C ( 31V) = (-C ( 303)»C( 3 10)
If • ) /C ( 3 11)
» C ( 32u ) =A( 1 8 8 ) - C < 3 1 2 ) • C (. 3 16)
M C ( 321 )=A ( 189 )
e C ( 322 ) =A ( 1 90)-C( 313)*C( 316)
t C ( 323)=-C( 3 1 4 ) *C I 3 16)
if C ( 324)=-C( 315)»C( 3 16)
* Y ( 37)=(-C( 312)*Y( 36 )
» **B ( 37) ) /C( 32U )
* C ( 325)=A< 191 ) /C < 320)
* C ( 326)=(A( 192)-C( 312)*C ( 3 17)
» • ) /C ( 320 )
« C I 32 7 ) = (-C ( 312)*C ( 3 18)
* • ) /C ( 320 )

C ( 3zB)=(-C( 3 1 2 ) • C ( 3 19)
if • ) /C ( 320 )
• C ( 32V)=A( 1 93)-C( 321 )*C ( 325 )
* C ( 33u)=A( 194)
» C ( 331)=A( 195)-C( 322)•<( 325 )
* C ( 3 32 ) = -C < 323 ) »C( 325 )
* C ( 333 ) =-C( 324)*C( 325 )
• Y ( 3b)=(-C( 321)»Y( 3 7 )
w • *B( 38))/C( 329 )
* C ( 334 ) =A( 196)/C ( 329 )
* C ( 335)=(A( 197)-C( 321 )»C ( 326 )
» • ) /C ( 329 )
* C ( 336 ) = (-C ( 32 I )*C ( 327 )
n * ) /C ( 329 )
* C ( 337)=(-C( 321 ) *C ( 328 )
e • ) /C ( 329 )
» C ( 338 ) =A (. 198)-C ( 330 ) »C( 334 )
* C ( 339)=A< 199)

C ( 34u ) =A( 200)-C( 33 1 ) »C < 334 )
if C ( 341)=-C( 332)* C < 33H )
* C ( 342 ) =-C( 333 ) »C( 334 )
► Y ( 39)=(-£( 33b)*Y( 38 )
« • + B ( 39) )/C ( 33d )
• C ( 343)=A ( 201 )/C < 338 )
* C ( 344)=(A( 202)-C( 33q)»C( 335 )

• ) /C ( 338 )
» C ( 345)=(-c( 33u ) *C ( 336)
e • ) /C ( 338 )
» C ( 346 ) = (-C < 33u)•€( . 337 )
* •") / c < 338 )
if C ( 34 7 )=A( 2u3)-C( 339 ) * c( 343 )
* C ( 348 ) =A ( 2u4 )
e C ( 349 ) =A 1 205 ) -C( 340)*C ( 343 )
e C ( 35u)=-C( 34 1 ) *C( 343 )
» C ( 351 )=-C ( 342)»CI 343 )
» Y ( 4 U ) = < - C ( 339 ) •Y ( 39 )
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* * + B ( 4U) ) /c( 34 7 )
► C( 3b2)=A( 2U6)/C( 347 )
1 C ( 353) = (A < 2U7 ) -C( 339 ) «C( 344 )
1 • ) /C ( 3H7 )
► C ( 354)=(-€( 339 ) «C ( 345 )
1 * ) /C ( 347 )
ft C ( 355) = (-C ( 339)*C( 346 )
t * ) /C ( 347 )

C ( 356 ) ==A < 2U8 ) -C( 348)ec( 352 )
► C ( 357)=A( 209)-C( 349)»c( 352 )

C ( 358)=-C( 350 ) «C( 352 )
M C ( 35?)=-C< 351)*C( 352 )
► Y ( 41)=(-C( 348)•Y( 40 )
It * + B < 41))/C( 356 )
► C ( 3bu ) = (A( 21U)-C( 348)*C( 353 )
► • ) /C ( 356 )
► C ( 361 ) = (-C( 348 ) *C( 354 )
N ♦ ) /C ( 356 )
* C ( 362) = (-C < 348)»C( 355 )

•)/C( 356 )
1 C ( 363)=A( 21 1 ) -C < 273)ec( 278 )-C ( 284)eC( 289 )
It *-c < 2?4)*C( 299)-C< 304 ) ec( 308)-C( 313)ec ( 3 17)
It •-c ( 322 ) *C ( 326 ) -C( 331 ) eC ( 335)-C( 34u)eC« 344 )
0 *-c ( 349)* C( 353)-C( 357 ) »C( 360 )
► C ( 364 )=-C ( 285)»C( 289)-C( 295)eC( 299 ) -C < 305 )*C < 308 )
1 •-c ( 3 1 4 ) *c ( 3 I 7 ) -C( 323)«C( 326 )-C ( 332)eC< 335 )
1 •-c ( 3 4 1 ) * C ( 344 ) -C( 35q)eC( 353)-C( 358 ) eC( ' 360 )
It C ( 365)=-C( 274 ) *C( 278)-C( 286 )ec ( 289 ) -C( 296 ) ec( 299 )
I • - c ( 3 u 6 ) ♦ C < 308 ) -C( 315)«C( 3 1 7)-C < 324 ) eC( 326 )
1 •-c ( 3 3 3 ) * c ( 335)-C( 342 )»C < 344)-C( 351)eC< 353 )
► »-c ( 359)*C < 360 )
1 Y < 42)=(-C( 273 ) ♦Y( 32 ) -C( 284)•Y ( 33 ) -C < 2 9 4 ) « Y ( 34 )
1 *-c< 3u4)♦Y( 35)-C ( 313)*Y ( 36)-t( 322 ) •Y( 37 )
* . •-€ < 33 1 ) ♦Y( 38 ) -C( 340)*Y( 39)-C( 349 ) eY( 40 )
It *-c ( 357)•Y( 4 1).
t 42 ) ) /C( 363 )
N C ( 366)=(-C( 273 ) *C < 279)-C( 284)*C < 290 ) -C( 294)ec( 300 )
It •-C < 3u4)*C( 30?)-C< 313)ec( 318)-C( 322 ) ec( 327 )

*-c< ’ 3 3 1 )•C 1 336)-C( 34o)*C( 345)-C( 349 ) eC( 354 )
1 *-c < 357)»C( 36 1 )
It • ) /C ( 363 )
It C ( 367)=(-C( 273)»C( 280)-C( 284)»C( 291)-C( 29 4 ) ec( 301 )
» •-c ( 3U4 ) *C( 310)-C( 3 1 3 ) »C( 319)-C( 322)eC( 328 )
It *-c ( 3 3 1 )* C < 337 ) -C ( 34q ) *C( 346)-C ( 349)ec( 355)
H *-c ( 357)*c( 362 )
It • ) /C ( 363 )
1 C ( 368)=A( 2 1 2 ) -C( . 5 ) ec ( 13)-C ( 21)*CI 28 )
» •-c ( 63 ) *C( 69 | -C( 76 ) »C( 82)-C( 9 4 ) e c ( 99 )
t *-c ( 1u6)*c( I 12)-C( 1 I 9)ec( 124)-C( 1 35)ec( 1 39 )
It •-C ( 1 53 ) *C( 156 ) -C ( 259)»c( 262)-C( 265 ) •€ ( 267 )
It *-c < 285)*C< 290)-C( 29g)*C ( 300)-C( 305)ec( 309 )
It *-c ( 3 1 4 ) • c ( 318)-C< 323 ) *C( 327 )-C < 332 ) *C < 336 ) .
t »-C( 341)«c( 345)-C( 35u)*C( 354)-C( 358)ec( 36 1 )
It •-C < 364 ) »C ( 366 )
t C ( 369)=A( 2 1 3 ) -C < 77)ec( 82)-C ( 9S)eC( . 99 )
► *-c ( 1U7)*C < 112)-C( 12u)»C( 124)-c( 136)eC < 139 )
t • -C( 154)«C( 156)-C( 26q ) ec( 262)-C( 266 ) ec( 267 )
1 •-C ( 2 74 )*C < 279)-C( 286 ) »C < 290)-c ( 296)ec( 300 )
It •-c ( 3u6 ) *c I 309)-C < 315)•€( 3 1 8 ) -C( 3 2 4 ) e C ( 327 )
1 •-C( 333)*c < 336)-C < 342)»C( 345»-c( 3 5 I ) e C < 354 )
I *-c< 359 ) »c< 361 ) -C ( 365)ec( 366 )
» C ( 37u)=-C( 6 ) «C ( 13)-C ( 22 ) »C( 28 ) -C < 64 ) «C < 69 )
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It • -C( 78) »C ( 82 ) -C( 96 ) -*C 1 99)-C( 108)eC( 112)
► *-c( 1 2 1 )*C( 124)-C( 1 3? ) ’C( 139 )
It C ( 3 7 1)=-C ( 1 09)ec( 1 1 2 ) -C( 122)ec( 124)-C < 1 38 ) ec( 139)
N y ( 43)=(-C( 5 ) ♦ Y ( 1 ) -C ( 21)ey( 2)-C( 63 ) •Y( 8 )

•-C ( 76)*Y( 9 ) -C ( 94) • Y ( 1 1 ) -C( 106)eY( 1 2 )
It *-c < 1 1 9 ) * Y ( 13)-C( 135)«Y ( 15)-C( 153 ) eY ( 1 8 )

• -c ( 2b9>»Y( 30)-C( 265)eY( 31)-C( 285)»Y( 33 )
1 *-c ( 295 ) ♦ Y ( 34)-C( 305 ) «Y ( 35)-C( 314)eY( 36 )
It «-c ( 3 2 3 ) ♦ Y ( 37)-C( 332)•Y( 38)-C( 341)eY( 39 )
It *-G < 350)*Y( 40)-C( 358 ) «Y( 41)-C( 364)eY( 42 )
If • + B ( 4 3 ) ) / C ( 368 )
It C ( 372)=(A< 214)-C < 5 ) *C ( 14 ) -C( 2 1 ) e C ( 29 )
M •-c ( 63 ) *C( 70)-CI 76 ) »C < 83 ) -C( 94 ) ec( 100) ■
* • -C( lu6)ec( 1 13)-C< 1 1 9 ) *C( 125)-C( 135)ec ( 140)
It •-c ( 153)»C( 1 57 ) -C( 259)ec( 263 ) -C( 265)eC( 268 )
► ♦ -c ( 285 ) «C ( 291)-C( 295)ec ( 301)-C( 305 ) ec( 310)
It *-c < 3 1 4 ) »C < 319)-C < 323)«C( 328 )-C ( 332)eC< 337 )
k • -C < 341)ec( 346)-C( 350)ec( 355)-C( 358)ec( 362 )
It • ~c ( 364 ) ec( 367 )
► • ) /C ( 368 )
t C ( 3 7 3 ) = (-C( 5 ) »C ( 15 ) -C < 2.1 ) *C ( 30)-C( 63 ) ec( 7 1 )

• -c ( 76 ) ec( 84 ) -C < 94)ec ( 101 )-c ( 106 ) ec( 114)
» ♦ -c < I i 9 ) * C < 1 26 ) -C( 135)ec( 14 1)
» * ) / C ( 368 )
> C ( 374)=(-C< 106)»C( 1 15)-C( 1 19)ec ( 127)-C( 1 3 5 ) e C ( 142)
1 • ) /C ( 368 )
» C ( 375)=A( 215)-C( 77 ) ec( 83)-C ( 95 ) eC( 100 )
H *-c ( Iu7)ec( 1 13)-C ( 120 ) •€( 125)-C( 1 3 6 ) e C ( 140)

• -C < 154)ec( 157 )~C( 26o ) *C( 263 ) -C ( 266)eC( 268 )
► *-c < 2 7 4 )eC( 280 ) -C< 286)»C( 291 )-C ( 296 ) ec < 30 1 )
► *-c ( 3 u 6 ) e c 1 3i0)-C< 315) ec ( 319)-C( 324 ) ec( 328 )
It • -c I 333 ) eC ( 337 ) -C ( 342 ) e C( 3 4 6 ) - C ( 351 )eC < 355 )
It • -c ( 359)eC( 362)-C( 365 ) »C ( 367 ) -C ( 369)ec( 372 )
» C ( 37b)=-c( 6 ) ec ( 14)-C( 22)ec( 29)-C< 64 ) ec( 70 )
1 •-c < 7 8 ) e c ( 83)-C( 96)*C < 100)-C( 108)ec( 113)
> • -C ( 12 I )eC( 125)-C( I 3 7)*C( 140)-c( 37u)ec( 372 )
» C ( 377)=-c( 109)ec( U3)-C( . 122)*C( 125)-C( 1 3 8 ) * c < 140)
• • -C < 371)eC( 372 )
It Y ( 44)=(-C( 7 1 ) e Y ( 9 ) -C ( 95)*Y( 11)-c( 1 0 7 ) e Y ( 1 z )
It • -C < J 2U ) * Y ( 13)-C < 1 36)*Y( 15)-C( 154)eY( 18)
I • -c< 260)♦Y( 30)-C < 266)♦Y( 3 1 ) -C( 274 )eY ( 32 )
* • -c t 286 )e Y( 33 ) -C( 296 ) *Y( 34)-C ( 306 ) eY( 35 )
* *-C( 3 15 ) eY( 36)-C( 324 ) eY( 37)-C( 3 33 ) * Y ( 38 )
* • -( ( 342 ) ey( 39)-C( 351 )e y ( 40)-C( 359 ) eY( 4 1 )
» • -C ( 365 ) e Y( 42)-C( 369)*Y ( 43 )
It *♦ B < 44 ) ) /C( 37b )
It C ( 3 7 8 ) = ( - C ( 7 7)*C( 84)-C ( 95)eC( 101 )-c < 107)»C( 114)
• •-c ( 1 2 0 ) e C I 126)-C < 136)ec( 141)-C( 369)ec( 373 )
* * ) /C ( 375 )
* C ( 3 79 ) = (-C( 107)*C( 115)-C( 1 20 ) *C( 1 27 ) -C( 1 36 ) ec( 142)
» •-C( 369)ec( 374 )
* • ) /C ( 375 )
It C ( 38u)=A ( 2 1 6 ) -C < 6 ) ec ( 1 5 ) -C( 22)*c( 30 )
• •-€< 6 4 ) e c ( 71)-C( 7 8 ) * C < 84 ) -C( 96 ) ec( 10 1)
* *J-C ( 1u8)ec( 114)-C < 1 2 1 ) ec( 126)-C( 137)eC < 14 1)
* *’C ( 370)ec( 373)-C( 376)»C ( 3 78 )
* C ( 381 )=A < 2 1 7 ) - C ( 109)ec ( I 14)-C( 122)eC ( 126)
» ♦ -c ( 138 ) e c( 1 41 )-C ( 37 j )ec ( 373)-C ( 377)ec( 378 )
* C ( 382)=A( 2 18)
* C ( 383 ) =A( 2 19)
• Y ( 45) = (-C ( 6 ) * Y ( 1 ) -C‘( 22)*Y( 2) 64 ) eY( 8 )
» • -C ( 78 ) ey ( 9 )-C ( 96)♦Y ( 1 1 ) -C( 108)eY ( 1 2 )
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• -C( 121 ) *Y( 13)-C( 1 3 7 > * Y ( 15)-C( 370)»Y( 43 )
»-c ( 376 )uY < 44 )
• ♦8 ( 45) )/C( 38u )

C ( 384) = < A ( 220)-C( 108)»C( 115)-C( 1 2 1 )*C( 127)
•-c< 1 3 7 ) * C < 142)-C( 37q)*C( 374 )-C < 376 )*C ( 379 )
• ) /C ( 380 )

C ( 385)=A( 22 1 ) /C( 380 )
C ( 386)=A ( 222 )-C ( 1 09)«C( 1151-C < 122)*c( 127 )

• -c ( 138)*C< 142)-C < 371)*C( 374)-C( 37 7 )*C I 379 )
*-c( 38 1 ) »C( 384 )

C ( 381)=A( 223 ) -C< 382)»C( 384 )
C ( 388 ) =A( 224)-C< 383 ) * C( 384 )
Y ( 46 ) = (-C( 1 09 ) *Y( I 2)-C( 122) •Y( 13)-C( 13b)•Y( 15)

♦-C < 3 7 I ) •Y ( 43 ) -C( 37? ) *Y ( 44)-C( 38 1 )*Y( 45 )
♦ + B.( 46))/C( 386 )

C ( 389 )=A ( 225)/C( 386 )
C ( 39u)=(-C( 38) ) «C( 385 )

• ) /C ( 386 )
C ( 39 1) =A( 226 )-C ( 387)*C ( 38 9 )
C ( 392)=A( 227)~C( 388)«c( 389 )
c ( 393)=A( 228 )

1 C ( 394)=A ( 229 )
C ( 395 ) =A ( 230 )
Y ( 4/)=(-C( 382 ) ♦Y( 45)-C( 387 ) *Y( 46 )

• + 8 ( 47) )/C ( 39 1)
C ( 396) = (A < 23 1 )-C( 382)»C( 385)-C ( 387)*C( 390 )

t • ) /C ( 39 1 )
f C ( 39 7 )=A( 232)/Cl 39 1)
1 C ( 398 ) =A( 233)/Cl 391).
i C ( 399)=A( 234)/C( 39 1 )
1 C ( 4uU)=A( 235)-C( 383)eel 385)-C( 388 ) •c< 390 )
* *-c ( 392 ) »C < 396 )
• C ( 4U1)=A( 236)-C( 393)*C( 396 )
1 C ( 4U2 ) =A( 237)-C < 394 ) *.C ( 396 )
» C ( 4u3)=A ( 238 ) -C( 395)«C< 396 )
1 Y ( 48)=(-C( 383 ) *Y( 45)-C( 388 )•Y ( 46 ) -C ( 392 ) •Y( 47 )
1 • + B ( 48) )/C ( 40u )
1 C ( 4u4)=(A( 239)-C( 392)*C( 39 7 )
1 • ) /C ( 400 )
1 C ( 4u5) = ( A ( 240 ) -C< 392)»C( 398 )
k • ) /C ( 4U0 )
k C ( 4J6)=(A( 24 I ) -C( 392)*C( 399 )
k • ) /C ( 400 )
k C ( 4U 7)=A( 242 ) -C < 393)«C( 397)-C( 40 1 )*C < 404 )
k C ( 4u8)=AI 243 ) -C( 394)«c( 397)-C( 402 ) *C < 404 )
* C ( 409)=A( 244 ) -C( 395 ) »c( 397)-C( 403)*C( 404 )
k Y ( 49)=(-C( 393)♦Y( 47)-C( 40 1 )*Y( 48 )
♦ »+B ( 49) ) /C ( 40 7 )
• C ( 4 1 u ) = ( A < 245)-C( 393)•C( 398 ) -C( 4 0 1 ) * C ( 405 )
k • ) /C ( 407 )
k " C ( 41 1 ) =A( 246)/C< 407 )
k C ( 4 1 2 ) = ( A < 247)-C( 393 ) *C( 399)-C( 401)*C( 406 )
• • )/c< 407 )
k C ( 4 I 3)=A( 248 )-C < 394)»c( 398)-C( 402)•C < 405 )
k • -C ( 4u8 ) *C I 4 10)
• C ( 4 1 4 ) =A( 249 )
k C ( 4 1 5 ) = A ( 250)-C( 395 ) *CI 398)-C ( 4u3)«C( 405 )
k • -C ( 4 U 9 ) e C I 410)
k Y ( 5u ) = (-C1 394 ) ♦Y( 4 7)-0 < 402)♦Y ( 48 ) -C( 408)*Y( 49 )
k ♦ ♦8 ( 50 ) )/C( 4 13)
» c ( 4 I 6 ) = ( A ( 251)-C( 408)»C( 4 11)
k ♦ ) / C ( 4 13)
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1 C ( H 1 7 ) = ( A ( 252)-C( 3V4)*C( 3yV)-C( 402)eC( 406 )
I •-C ( HuS)»C( 4 12)
» * ) /C ( 4 13)

C ( 416)=A( 253)-C C 4 1 4 ) »c( 4 16)
I c ( 419)=A( 254 )

C ( 42u ) =A < 255 )-C ( 409)* G < 41 1 )-C( 415)eC( 4 16)
Y < bl ) = (-C( 4 1 4 ) • Y ( 50 )

n **B < 51 ) )/Cl 4 18)
1 C ( 421 )=A( 256 ) /C( 418)
It C ( 422 ) = (A( 257)-C( 414)»C < 417)
1 • ) /C ( 4 18)
► C ( 423)=A( 258)-C( 4 1 9)»c( 42 1)
I C ( 424 ) =A ( 25V )

C ( 42b)=A( 260 ) -C ( 420)*C( 42 1 )
1 Y ( b2) = (-C < 4 IV)•Y( 5 1 )
k • +B ( 52 ) ) /C( 423 )
It C ( 426 )=A ( 261 ) /C( 423 )
1 C ( 427 ) = (A( 262)-C( 4 I V)*C( 422 )

• ) /C ( 423 )
It C ( 428)=A( 263 ) -C < 424)«C( 426 )
e C ( 42V ) =A( 264 )
i C ( 43u ) =A ( 265)-C ( 425)*C( 426 )
i Y ( 53 ) = (-C( 424 ) *Y ( 52 )

*+B ( 53 ) ) /C( 428 )
C ( 43 1 ) =A( 266)/C( 428 )

* C ( 432)=(A( 267)-C( 424 ) »C( 427 )
i * ) /C ( 428)
। C ( 433 ) =A( 268)-C( 429)»c( 431 )
» C ( 434 ) =A ( 26V )
» C ( 43b)=A ( 27U)-C< 430)»C( 431 )
i Y ( 54 > = (-C( 42V ) *Y( 53 )
* * + B ( 54 ) ) /C( 43 j )
t C ( 436)=A( 271 )/C < 433 )
t C( 437)=(A( 272)-C( 42V ) *C( 432 )
t • ) /C ( 433 )
t C ( 438)=A( 273)-C( 434)♦(( 436 )

C ( 43V)=A( 274 )
i C ( 44U ) =A( 275 ) -C( 435 ) *c ( 436 )
i Y ( bb)=(-C( 434)•Y( 54 )
» • + B ( 55 ) )/C( 438 )
t C ( 44 1 ) =A( 276 ) /C( 438 )
t C ( 442 ) = (A( 277)-C( 434)»C( 437 )
♦ • ) /C ( 438 )
t C ( 4 4 3 ) = A ( 278 ) -0( 439)»C( 441 )
t C ( 444)=A( 27 V)-C I 440)*C( 44 1)
t Y ( 56 ) = ( -C ( 43V ) • Y ( 55)
i » + B < 56) ) /C ( 443 )
t C ( 445)=(A( 280)-C( 43V)»C( 442)
t • ) /C ( 443 )
t C ( 446 ) =A ( 28 1 ) -C( 395 ) *c < 39V)-C( 403 ) *C( 406 )
। *-c < 4uV)*C < 412)-C < 415)«C ( 417)-C( 42U)*C< 422 )
t • -C( 4 2 5 ) * ( 427 ) -C < 43u ) «C < 4 32 )-C< 43b ) ec( 437 )
t »-c ( 44U ) *C < 442 ) -C( 444 ) »C < 445 )
t Y ( 57)=(-C( 39b ) *Y( 47 ) -C( 403)*Y( 48 ) -C( 409)e Y( 49 )
i •-c< 415)»Y( 50)-C < 420 ) • Y ( 51 )-c( 425 ) »Y( 52 )
i •-C ( 430 ) •Y( 53 ) -C( 4 3 5 ) ♦ Y ( 54)-C < 44o)♦Y( 55 )
t ♦ -c < 444 ) *Y( 56 )
t • + B( 57 ) ) /C( 44o )
> X ( 57 ) =Y( 57 )
* X ( 56)«Y( 56)-C( 445)ex( 57 )

X ( 55)=Y ( 55)-C < 442 ) e x( 57 )
•-c ( 441 ) »X ( 56 )
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X ( b 4 ) = '( ( 54 ) -C < 437)eX( 57 )

• -c ( 436 ) *X < 55 )
X ( 53 ) =Y( 53 ) -C < 432 ) e,\ ( 57 )

• -C( 43 1 ) ex( 54 )
XI 52)=Y( 52 ) -C( 427)ex( 57 )

• -C < 426 )<X ( 53 )
X ( 5 1 ) = Y ( 51 )-C ( 422 ) ex( 57)

*-c ( 421 ) ex( 52 )
X ( 5U > =Y( 50)-C( 4 1 7)ex( 5 .7 )

•-C( 416)ex ( 51 )
X ( 4 9 ) = Y ( 49 ) -C( 4 1 2)ex( 57 )

♦ -c < 4 1 1 ) ex( 51)-C( 410)*X( 50 )
X ( 48 ) =Y( 48 >-C( 406)ex( 57 )

*-c < 4u5 ) ex( 50)-C( 404 ) ex 1 . 49 )
X ( 4 7 ) =Y( 47)-C < 399)ex( 57 )

• -C ( 3V8)e x( 50)-C( 39?)eX( 49)-C( 396 ) eX( 48 )
X ( 46 ) =Y( 46)-C( 390 ) ex( 48 )

• -c ( 389 )e X( 47 )
X ( 45 ) =Y( 45)-C< 385)ex( . 48 )

»-c ( 3b4)ex( 46 )
X ( 44 ) =Y( 4 4 ) - C ( 3 79 )ex ( 46 )

•-c ( 3 78 )e x ( 45)
X < 43 ) = Y ( 43 ) -C ( 374)ex( 46 )

*-c ( 3 73 ) ex( 45)-C( 372 ) *X( 44 )
X ( 42)=Y 1 42 >-C < 367 ) ex( 44 )

• -C ( 366 )e X ( 43 )
X ( 4 1 ) =Y( 41)-C( 362 )ex ( 44 )

*-c ( 36 1 ) ex( 43)-C( 360)eX( 42 )
X ( 4U)=Y( 40)-C( 355)e X( 44 )

• -c ( 354)e X ( 43)-C < 353 ) e X I 42)-C( 352)eX( 4 1 )
x < 39)=Y ( 39 ) -C < 346 ) e X( 44 )

• -c ( 345)eX( 43)-C( 344 ) ex ( 42)-C( 343 ) ex( 40 )
X ( 381=Y ( 38)-C < 337 ) ex( 44 )

*-c < 336)ex ( 43)-C( 335 ) »X( 42 ) -C( 334 ) ex( 39)
X ( 37)=Y ( 37)-C( 328 ) e X ( 44 )

• -c< 327 ) ex( 43)-C( 326)*X( 42)-C( 325 ) eX( 38 )
X ( 36)=Y ( 3 6 ) - C < 3 1 9 ) e X ( 44 ).

• -c ( 3 1 8 ) ex ( 43)-C( 317)ex( 42 ) -C( 3 1 6)eX( 37 )
X ( 35 ) =Y( 35)-C< 310)ex( 44 )

*-c ( 3U9)e x( 43)-C( 3 0 8 ) e X ( 42)-C( 307)eX( 36 )
X ( 34)=Y( 34 ) -C ( 301 )ex ( 44 )

*-c< 3uU ) ex( 43)-C( 299)ex( 42)-C ( 298)ex( 36 )
♦-c< 297 ) ex( 35 )

X ( 33 ) =Y( 33 ) -C < 291 )ex ( 44 )
*-c ( 29U ) ex( 43 ) -C < 289 ) ex ( 42)-C( 288 ) ex( 35 )
•-c ( 287 )ex ( 34 )

X ( 32 ) =Y( 32 )-C < 280 ) ex ( 44 )
♦-C ( 279 ) eX( 43 ) -C( 278 ) eX ( 42 ) -C( 277)eX( 35)
*-c ( 276 ) eX( 34)-C( 275 )ex < 33 )

X ( 3 1 ) « Y ( 31 )-C < 268 )ex ( 44 )
*-c ( 2o7 ) ex( 43 )

X ( 3U)=Y < 3U)-C( 263)ex( 44 )
•-c < 262 ) ex( 43)-C I 2 6 1 ) e X ( 3 1 )

X ( 29 ) =Y( 29)-C( 256)ex( 31 ) ■
•=c ( 255)e x( 30)

X ( 28 ) =Y( 28)-C ( 251 ) ex( 3 1 )
• -C ( 2 5U)ex ( 30 ) -C < 249 ) •X( 29 )

X ( 27 )=Y ( 27)-C( 244 )ex ( 3 1 )
•-c ( 243 ) ex( 30 ) -C ( 242)*X( 29)-c( 24 1 ) eX( 28 )

X ( 26 ) = Y ( 26)-C( 235)ex( 3 1 )
•-c < 234)ex ( 30)-C( 233)ex( 29)-C( 232)eX( 27 )

X ( 25 ) =Y ( 2 5) - C < 226 ) ex( 3 1 )
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1 •-C ( 225 )«x 1 30)-C < 224)•X I 29)-CI 223 ) eX 1 26 )

X ( 24>=T( 24)-C I 2 1 7 ) e x ( 31 )
f • -c ( 216)*X( 30)-C < 2 1 5 ) - X ( 29)-C I 2 1 4)eX < 25 )
t X ( 2 3 ) = Y ( 23 ) -C < 208 ) ex 1 3 1)
i *-c ( 2u7 ) •X I 30)-C 1 206 )♦X ( 29)-C I 205)eX1 24 )

X ( 22)=Y ( 22 ) -C I 1 99)e X I 3 1 )
1 *-c < 1 98 ) * X I 30)-C I 197)eX( 29)-CI I 96 ) eXI 23 )
1 X ( 2 1 )=Y I 21 )-C I 190)ex I 31 )
1. *-c c 1 89)*XI 30)-C I 188)eX( 29)-C I 1 87 ) eX1 23 )

♦ -c (. 186)»X( 22 )
1 X ( 2u ) =YI 20)-C < 180)eX( 3 1)
1 *-c < 1 / S> ) * x ( 30)-CI 178)«X I 29)-C( 1 77 ) eXI 22 )
► *-c ( I /6 ) *X( 2 1 )
* X ( 1 9 ) = Y ( I 9 ) -CI 1 69)ex I 3 1 )
f • -C ( 1 68 ) •X I 30)-C< 167)«X( 2 9 1 - C I 1 66)eXI 22 )

«-c ( 1 t>5 ) * X I 21)-C( 164)*X 1 20 )
X ( 18)=Y< 18)-C I 157)ex( . 44 )

t *-c ( I 56)*X1 43)-C( 155)*X( 30 )
1 x < 17)=Y( 17)-C I 150)ex I 30 )
I X ( 1 6 ) =Y( 16 ) -C I 1 4 7 ) e x I 30 )
f •-C ( I 86 ) *X( 1 8 )
1 X ( 15)=Y ( 15)-C < 1 42)ex I 46 )
t «-c < I 4 1 ) *XI 45)-C< 1 40 ) ♦X( 44)-CI 139)eX < 43 )
♦ X ( 14)=Y ( 14)-C < 1 33 ) ex I 46 )

*.-c < 132 ) *X I 45)-C< 131 )ex( 44)-CI 130)eX I 43 )
r *-c < 129)»x( 15)

X ( 1 3 ) = Y ( 1 3 ) -C < 12 7)ex I 46 )
t ♦-CI 1Z6)•X I 45)-C1 125)*X ( 44)-C( 124)eX I 43 )
I *-c < i 23 1 »X I 15)
t X ( 1 2 ) = Y ( 12)-C < 1 15)ex I 46 )
r •-c ( 1 1 4 ) »X I 45)-C < 1 1 3 ) »X( 4 4 ) - C ( 1 12 ) eX 1 43 )
> ♦-C 1 1 1 I ) •X I 15)-C( 1 1 0 ) *XI 1 3 )
* X ( 1 1 ) = Y ( 1 1 )-C I 1 0 1 ) e X I 45)
I — C I luO ) ♦X I 4 4)-C I 99 ) ♦X( 43)-C I 98)ex( 15)

•-c ( 97 ) »X I 1 2 )
i X ( 1 U ) = Y I 1 0)-C < 88 ) ex I 12)
- •-c< 87 ) «xI 1 1 )
t X ( 9 ) =Y I 9 ) -C I 84 ) ex I 45 >
1 ♦-Cl 83 ) *X( 44)-CI 82 ) *X( 43 ) -C I 8 1 ) eX I 15)
► *-c ( 80 ) •X I 1 2 ) - C < 79 ) *XI 1 1 )
> X ( 8 ) x Y I 8 ) -C < 7 1 ) e x I 45)
> •-c ( 70)•X 1 44)-C I 69 ) ex( 43)-CI 68)eXI 15)
t •-c 1 67 ) •X I 12)-C< 66)«XI I 1 )-C( 65)*X < 9 )
f X ( 7 )=Y ( 7)-C< 57 ) e X I 46 )
* • -Cl 56 ) *XI I 2)-C I 55 ) ex( 1 1 )
t X ( 6 ) =Y I 6 ) -C I 52 ) ex I 46 )
I *-c < 51 ) * X < 12)-Cl SO ) *X I 1 1 ) -CI 49 ) eX I 7 )
1 X ( 5 ) =Y ( 5)-C< 45)ex( 46)
f ♦-c< 44 ) * X I 12)-C I 43)*X( 11)-C( 4 2 ) • X ( 6 )
l X ( 4 ) =Y I 4 ) -C I 38 ) ex( 1 4 )

X ( 3)=Y I 3 ) -C I 35|ex( 1 4 )
» •-c < 34 ) ex I 4 )
* X ( 2 ) =Y I 2 ) -C < 30)ex I 45 )
k *-c 1 29 ) ex < 44 ) -CI 28 ) •X I 43 ) -CI 2 7 ) ♦ X I 15)
1 •jC I 26 ) ex I 12)-C 1 25 ) *X( 1 1 ) -CI 2 4 ) e X I 9 )
H •-C I 2 3 ) e X I . 8 )
► X ( 1 ) =Y I 1 )-c( 1 5 ) e X I 45 )
H • -C I 14 ) ex I 44 ) -C< 1 3 ) • X ( 43)-C( 1 2 ) • X < 15 )
n •-c ( 1 1 ) ex I I 2)-C I 1 0 ) • X ( 11)-C( 9 ) eX ( 9 )
1 •-c < 8 ) e x I 8)-C( 7 ) * X ( 2 )
* WRITE (6,40)
1 ‘lu FORMAT (5X , 'THE solutions of equations AX = B * ,////)



71

DO JU 1=1, 57
WRI IE (6,2U ) 1 ,X ( I )

2U FORMAl(lOX,,X(»,Ib,*)«=,,lpEl‘l.7)
3 U CONTI (JUL

GO TO 5
99 END
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SAMPLE OUTPUT

FROM PROGRAM RESULT
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THE bOLUUONb OF EQUATIONS AX = B

X ( 1 ) = 1.uououuu+uo
X ( 2) = 3 . OUUOUOu-*-UO
X ( 3 ) = 5.0UU0UUU+U0
X ( 4 ) = -7.UOOOuUU+OO
X ( 5) = 9.U000u0U+00
X ( 6 ) = 2.OOOOOOu+UO
X ( 7 ) = 4.00U0L0U+U0
X < 8) = 6.OOuOOOU+UO
X ( 9 ) = -8.UOUOUGU+OO
X ( 1O) = 1.00U0U6U*01
X ( 1U = 5.0 0 U U U 0 U + U 0
X ( 12) = 1.3000000+01
X ( 13) = 2.1OOOUOU+U1
X ( 14) = 2.9000000 + 0 1
X ( 15) = -7.0000060+00
X ( 16) = 1 . 1OoOuOO + b1
X ( 17) = 1.5000000+01
X ( 18) = 1.9000000+01
X ( 19) = 2.5000000+01
X ( 20 ) = 8.0000000+00
X ( 2 1) = 2.9000000+01
X ( 22 ) = 1.3000000+01
X ( 23) = - 1 .0000000 + 0 1
X ( 24 ) = 4.7000000+01
X ( 25) = 1.3000000 + 0 1
X ( 26 ) = 8.0000000 + 00
X ( 27) = - 1 . 1 OGOUOu + O1
X ( 28 ) = 5.00U0G0O+U0
X ( 29) = -7.0000000 + 00
X ( 30 ) = 1.3000000+01
X ( 31 ) = 8 . OOOOuUO + OO
X ( 32 ) = - 1 . 7000000 + 0 1
X ( 33 ) = 2.8000UGO+01
X ( 34 ) = 1.6000000 + 0 1
X ( 35 ) = 9 . OOOOOOU + OO
X ( 36 ) = 1 .9000000 + 01
X ( 37 ) = -5.40O0U00+01
X ( 38 ) = -4.0000000 + 00
X ( 39 ) = 3.4000000+01
X ( 40 ) = - 1.3DOOOOU + O1
X ( 41 ) = 4.600000U + 01
X ( 42 ) = 8.0000000+00
X ( 43 ) = 1.7000o0u+01
X ( 44 ) = -1.9000U00 + 01

X ( 45 ) = ' . 1.0060000 + 0 1
X ( 46 ) = 5.300000U + 01
X ( 47) = -3.8bu0o00+01
X ( 48 ) = 2.3000000 + 0 1
X ( 49 ) = -6.0000000+00
X ( "* 50 ) = 1.4000000*0 1
X ( 51 ) = -1.7000000 + 0 1
X ( 52 ) = 3.00O000O+00
X ( 5 3 ) = -3.0000006+00
X ( 54 ) = - 1.6000000*0 1
X ( 55) = 9.00000Ou*00
X ( 56 ) = 7.0000600*00
X ( 57) = 6 • 000000u + 00
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PROGRAM 2

SOURC1
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o i o i: DIMENSION ICARDC12)
0102: DIMENSION I SEO( I 000 ) ,KSEQ( 1000)
D103: DATA LA ,LP ,LR/•*A(' , » )*X(• ,*) •/
01 oh : J = 0
0105: READ(5,1 ) N
0 106: 1 FORMAT!15)
0107: DO 70 1 = 1 ,'N

11 0110: 1 C = 0
11 0111: READ(5,10,END = 99) NUM , (I5EQ(K) ,K = 1 ,NUM)
11 0112: 10 FORMAT(1615)
1 ! 0113: DO 30 L=1,NUM
12 01 ih: J = J* 1
12 oils: IF( ISEQ(L).EQ.I> GO TO 20
12 oils: IC=IC*1
12 0117: KSEQCIC)=ISEQ(L)
12 0120: ISEOtIC)=J
12 0121: GO TO 30
12 0122: 20 JD = J
12 0123: . 30 CONTINUE
1 1 0 1 2H: I F < IC.LE.O) GO TO 60
1 1 0125: IR=!C-2
1 1 0 126: IF( 1P.LE.0) GO TO HO
) 1 0127: WR1TEC21100) I,I,(LA,ISEQ(K),LP,KSEQ(K) ,LR ,K = 1 ,2)
) 1 0130: 100 F0RMAT<T7,*X(*,I5,,)=-<-B(,,15,,),,2(A3 ,15 ,AH , 15 , A 1 ) )
) 1 0131: WRITE(2,120) (LA , ISEQ <K) ,LP,KSEQ(K),LR, K = 3 , I C)
) ! 0132: 120 FORMAT((T6,,»',3(A3,I5,AH,I5,A1)))
) 1 0133: GO TO 50
) 1 01 3 h : HO WRITE(2,100) I,I,(LA,1SEQ(K),LP,KSEQ(K) ,LR ,K=1 , IC)
) I 0135: 50 WR!TE(2,110) JD
) 1 0 136: 1 1 0 F0RMAT(T6,,»,,,)/A(•,I51,)•)
) 1 0137: GO TO 70
1 ! 0 1 ho : 60 WRITE(2,130) I ,1 ,JD
) 1 0 1 h 1: 130 FORMAT(T7 « • X ( • , I 5»1)=B( * , I 5 « • ) /A( • , I 5 « 1 ) • )
) 1 0 1 H2: 70 CONTINUE

0 1 H3: 99 ENDFILE2
0 1 hh : REWIND2
01 hb : WRITE .(3,200) J ,N ,N ,N
01H6: 200 FORMAT(T7, ‘DIMENSION A(e,I5,e),B(e,I5,e ) , X ( • , 1 5 , ' ) ,Y ( • , I 5 , * ) * )
0 1 H7: WRITE(3,H10) J
o 150: H 1 0 F0RMAT(T7,'READ(5,20) (A(K),K=1,,,I5,') • )
0151: WRITE(3,1 HO)
0152: 1 HO FORM AT(TH20 F0RMAT(5E 1 H . 7 ) • )
0153: WRITE(3,H20) N
01 sh : H20 F0RMAT(T7,,READ(5,20,END = 99) (B(K ) ,K = ! , •, IS , • > ' )
0155: WRITE (3,HHO) J
0156: HHO F0RMAT(T7,'WRITE(6,20) (A(K),K=1,*,I5,* ) 1 )

.0157: WRITE(3,H50 ) . N
.0160: H50 F0RMAT(T7,'WRITE(6,20) (B(K),K=1*',I5,’ ) * )
0 16 1: WRITE(3,210) N
0 162: -210 FORMAT(77,’DO HO L=1,',I5)
0 163: WRITE(3,211)
016H:" 21 I FORMAT(T7 , *X(L)=0. • )
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0 165: WRITE(3,220 )
0 166: 220 FORM AT(THHO Y(L)=O.’l
0167: WRITE(3,225)
o 17o: 225 FORMAT<T7,*ICOUNT = O • )
o 171: WRITE(3,230)
0 172: 230 FORMAT(TH,’50 ICOUNT=IC0UNT♦ 1 • )
0 173: WRITE(3,2H0)
0 1 7H : 2H0 FORMAT(T7,*1F(I COUNT.GT . 25 ) GO TO 70*)
0175: 102 RE AD(2,101 ,END = 999) ( ICARD(K) , K = 1 , 1 2)
0 176: 101 F0RMAT(12A6)
0 177: WRITE(3,101) ( ICARD(K ) ,K = ! ,12)
0200: GO TO 102
0201: 999 CONTINUE
0202 : WRITE(3,250) N
0203 : 250 FORMAT(T7,’DO 60 L=l,*,15)
020M : WRITE(3,260)
0205 : 260 F0RMAT(T7,,TEMP=AB5(Y(L)-X(L))*)
0206 : WRITE(3,270)
0207 : 270 FORMAT(T7IF(TEMP.GT.1E-OH> GO TO 80*)
o 2 i o: WRITE(3,280)
0211: 280 FORM AT(TH ,'60 CONTINUE')
0212: WRITE(3,290)N
0213: 290 FORMAT(TH,*70 WR1TE(6,2O) (X(K) , K= 1 , * , I 5 , * ) ' )
02 m: WR1TE(3,3OO)
0215: 300 FORMAT(T7, ’STOP * )
0216: WRITE(3,310) N
0217: 310 FORMAT(TH 80 DO 90 L = 1,',I5)
0220: WR1TE(3,320)
0221: 320 F0RMAT(T7, ’Y(L)=X(L) ' )
0222: WRITE(3 ,330)
0223 : 330 FORMAT(TH 90 CONTINUE*)
022*1 : WRITE(3,3H0)
0225 : 3H0 F0RMAT(T7 , *G0 TO 50')
0226 : WRITE(3,350)
0227: 350 FORMAT(TH , '99 END* )
0230 : ENDFILE 3
0231: REWIND 3
0232 : 11 RE AD(3,10 1 ,END = 9999 ) (ICARD(K ) , K= I , 1 2 )
0233 : WRITE(6,101) (1CARD ( 1 ) , I=1 , 12)
023*1 : GO TO 11
0235 : 9999 STOP
0236 : END
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OUTPUT OF PROGRAM SOURC1

SYMBOLIC GENERATED PROGRAM

RESULT
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101 1* REAL*4 A( 148),B( 50)eX< 50)rY( 50)
103 2* READ(5 »20) (A(K)r K=l» 148)
111 3* 20 F0RMAT(5Elu.7)
112 4* READ(5 »20,FND-99) (B(K) iK—1» 50)
120 5* DO 40 L=l» 50
123 6* X(L)=0 A
124 7* 40 Y(L)=O e
126 8* ICUUNT=0
127 9* 50 ICOUNT =ICOUmT+1
130 10* IF(ICOUNT.GT e300) GO TO 70
132 11* X( l)=-(-B( 1)+A( 2)*X( 2)
132 12* ♦ ) /A ( 1)
133 13* X( 2)=-(-B( 2)+A( 3)*X( 1)+A( 5) *X ( 3)
133 14* ♦ ) /A ( 4)
134 15* X( 3)=-(-R( 3)+A( 6)*X ( 2)+A( 8)*X( 4)
134 16* ♦ )/A( 7)
135 17* X( 4 ) +A ( 9)*X ( 3)+A( 11)*X( 5)
135 18* *)/A( 10)
136 19* X( 5)=-(-B( 5)*A( 12)*X( 4)+A( 14)+X( 6)
136 20* *)/A( 13)
137 21* X( b)=-(-B( 6)+A( 15)*X( 5)+A( 17)+X( 7)
137 22* *)/A( 16)
140 23* X( 7)--{-B( 7)+A( 18)*X( 6) +A ( 20)*X( 8)
140 24* *)/A( 19)
141 25* X( 8)=-(-B( 8)+A( 21)*X( 7)+A( 23)*X( 9)
141 26* ♦ )/A( 22)
142 27* X( 9)=-,(-B( 9)+A( 24)*X( 8)+A( 26)*X( 10)
142 28* *)/A( 25)
143 29* X( 10)=-(-B( 10)+A( 27)*X( 9) +A ( 29)*X( 11)
143 30* *)/A( 28)
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144 31* X( 11)=-(-R( 11)+A( 30)*X( 10)+A( 32)*X( 12)
144 32* ♦ )/A( 313
145 33* X( 12)=-(~I3( 12)+A( 33)*X( 11)+A( 35)*X( 13)
145 34* *)/A( 34)
146 35* X( 13)=-(-R( 13)+A( 36)*X( 12)+A( 38)*X( 14)
146 36* *3/A( 37)
147 37* X( 14)=-(-.R( 14)+A( 39)*X( 13)+A( 41)*X( 15)
147 38* ♦ )/A( 40)
150 39* X( 15)=-(-B( 15)+A( 42)*X( 14)+A( 44)*X( 16)
150 40* ♦ )/A( 43)
151 41* X( 16)=-(-B( 16)+A( 45)*X( 15)+A( 47)*X( 17)
151 42* ♦ )/A( 46)
152 43* X( 17)=-(-R( 17)+A( 48)*X( 16)+a( 50)*X( 18)
152 44* ♦ )/A( 49)
153 45* X( 18)=-(-R( 18)+A( 51)*X( 17)+A( 53)*X( 19)
153 46* ♦ ) / A ( 52)
154 47* X( 19)=-(-R( 19)+A( 54)*X( . 18)+A( 56)*X( 20)
154 48* ♦ )/A( 55)
155 49* X( 20)=-{-R( 20)+A( 57)*X( 19)+A( 59)*X( 21)
155 50* ♦ )/A( 58) .
1156 51* X( 21)=-(-R( 21)+A( 60)*X( 20)+A( 62)*X( 22)
1156 52* ♦ l/A ( 61)
H57 53* X( 22)=-(-R( 223+A( 63)*X( 21)+A( 65)*X( 23)
1157 54* *)/A( 64)
1160 55* XC 23)=-(-R( 23)+A( 66)*X( 22)+A( 68)*X( 24)
H60 56* ♦ )/A( 67)
1161 57* X( 24)=-(-R( 24)+A( 69)*X( 23)+A( 71)*X( 25)
1161 58* ♦ >/A( 70)
1162 59* X( 25)=-(-R( 25)+A( 72)*X( 24)+A( 74)*X( 26)
1162 60* ♦ )/A( 73)
1163 61* X( 26)=-(-R( 26)+A( 75)*X( 25)+A( 77)*X( 27)
1163 62* *)/A( 76)
1164 63* X( 27)=-(-R( 273+A( 78)*X( 26)+A( 80)*X( 28)
1164 64* *)/A( 79)
1165 65* X( 28)=-(-R( 28)+A( 81)*X( 27)+A( 83)*X( 29)
1165 66* *)/A( 82)
1166 67* X( 29)=-(-R( 29)+A( 84)*X( 28)+A( 86)*X( 30)
1166 68* *)/A( 85)
)167 69* X( 30)=-(-R( 30)+A( 87)*X( 29)+a( 89)*X( 31)
)167 70* ♦ )/A( 88)
)170 71* X( 31)=-(-R( 31)+A( 90)*X( 30)+A( 92)*X( 32)
)170 72* ♦ )/A( 91)
>171 73* X( 32)=-(-R( 32)+A( 93)*X( ,31)+A( 95)*X( 33)
1171 74* *)/A( 94)
)172 75* X( 33)=-(-R( 33)+A( 96)*X( 32)+A( 98)*X( 34)
)172 76* *)/A( 97)
)173 77* X( 34)=-(-R( 34)+A( 99)*X( 33)+A( 101)*X( 35)
)173 78* ♦ )/A( 100)
3174 79* X( 35)=-(-R( 35)+A( 102)*X( 34)+A( 104)*X( 36)
)17<4 80* *)/A( 103)
3175 81* X( 3b)=-(-R( 36)+A( 105)*X( 35)+A( 107)*X( 37)
3175 82* ♦ )/A( 106)
3176 83* X( 37)=-(-R( 37)+A( 108)*X( 36)+A( 110)*X( 38)
3176 84* ♦ )/A( 109)
3177 85*_ X( 38)=-(-H( 38)+A( 111)*X( 37)+A( 113)*X( ' 39)
3177 86*" *)/A( 112)
3200 87* X( 39)=-(-R( 39)+A( 114)*k( 38)+A( 116)*X( 40)
3200 88* *)/A ( 115)
3201 89* X( 40)=-(-R( 40)+A( 117)*X( 39)+a( 119)*X( 41)
3201 90* ♦ )/A( 118)
3202 91* X( 41)=-(-B( 41)+A( 120)*X( 40)+A( 122)*X( 42)
3202 92* ♦ )/A( 121)
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020d 93* X( 42)=-(-H( 42)+A( 123)*X( 41)+A( 125)*X( 43)
0203
0204

94*
95*

♦ )/A( 
X(

124) 
43)=-(-R( 43)+A( 126)*X( 42)+A( 128)*X( 44)

0204
0205

96*
97*

*)/A( 
X(

127) 
44)=-(-R( 44)+A( 129)*X( 43)+A( 131)*X( 45)

0205
02U6

98*
99*

*)/A( 
X(

130) 
4b)=-(-R( 45)+A( 132)*X( 44)+A( 134)*X( 46)

020o
0207

ioo*
101*

*)/A( 
X(

133) 
46)=-(-R( 46)+A( 135)*X( 45)+A( 137)*X( 47)

0207
0210

102*
103*

*)/A( 
X(

136)
47)=-(-B( 47)+A( 138)*X( 46)+A( 140)*X( 48)

0210
0211

104*
105*

♦ )/A( 
X(

139)
48)=-(-R( 48)+A( 141)*X( 47)+A( 143)*X( 49)

0211
0212

106*
107*

♦ )/A( 
XC

142) 
49)=-(-R( 49)+A( 144)*X( 48)+A( 146)*X( 50)

0212
0213
0213
0214
0217
0220 .
0222
0224
0227
0233
0234
023o
0237
0240
0240
0244
024o
0247

108*
109*
110*
111*
112*
113*
114*
115*
116*
117*
118*
119*
120*
121*
122*
123*
124*
125*

♦)/A( 145)
X( 50)=-(~R( 50)+A( 147)*X(

*)/A( 148)
DO 60 L=lr 50
IEMP=AIIS(Y (1 ) —X (L ) )
IFdEMP.GT.IE-04) GO TO 80

60 CONTINUE
70 DO 75 1=1, 50

VvRITE(6,85) I»X(I)
85 FORMAT(25X,’X(’,15,•)=’,E14.7)
75 continue
25 FORMAT(20X,f THE ITERATIVE METHOD 

STOP
80 DO 90 L=l, 50

Y(L)=X(L)
90 CONTINUE

GO TO 50
99 END

49)

FAILED’)
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SAMPLE OUTPUT

FROM PROGRAM RESUL1
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X( - 1) = .1010199+01
X( 2) = .9996128+00
X( 3) = .1060559+01
X( 4) = .9992901+00
x( 5) = .1000838+01
x( 6) = .9990578+00
X ( 7) = .1001021+01
x( R) = .9989248+00
x( 9) = .1001106+01
X( 10) = .9988853+00
X( 11) = .1001104+01
x( 12) = .9989233+00
X( 13) = .1001035+01
X( 14) = .9990169+00
X( 15) = .1000923+01
X( 16) = .9991425+00
X( 17) = .1000790+01
X( 1A) = .9992772+00
X( 19) = .1000659+01
X( 20) = .9993982+00
X( 21) = .1000554+01
X( 22) = .9994798+00
X( 23) = .1000503+01
X( 24) = .9994916+00
X( 25) = .1000540+01
X( 26) = .9993983+00
X( . 27) = .1000699+01
X( 2R) = .9991650+00
X( 29) = .1001012+01
X( 30) = .9987705+00
X( 31 ) = .1001487+01
X( 32) = .9982218+00
X( 33) = .1002097+01
X( 34) = .9975678+00
X( 35) = .1002772+01
X( 36) = .9969001+00
X( 37) = .1003401+01
X( 3R) = .9963415+00
X( 39) = .1003857+01
X( 40) = .9960191+00
X( 41) = .1004020+01
X( 42) = .9960333+00
X( 43) = .1003816+01
X( 44) = .9964303+00
X( 45) = .1003232+01
X( 46) = .9971883+00
X( 47) = .1002322+01
X( 4A) = .9982217+00
X( 49) = .1001198+01
XI 50) = .9994011+00


