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ABSTRACT

This paper preéents a method of computer solution for sparse
systems of linear equations of arbitrary structure by symbolic genera-
tion technique.

A computer proéram, 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 1

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 Fimes énd larger computer memorie§. Because of the increasing
use of large order sparse matrices and the tendency to attempt to soive
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 6f sd}ving.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 symbo]ic'proceésing, generates
another program RESULT, wHich fepresents the feduced a]gorithm'iﬁ the
sense that only nonzéro 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 generateé a FORTRAN statement. Such a



statement represents a reduced formula in whiéh 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
methéd for a matrix of ARBITRARY sparseness structure, we want td process
.each formula individually. This task, while of a simple nature, is ex-
tremely tedious, time-consuming, aﬁd error-prone when carried out ﬁy

hand if order ¥ 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 Nl
system of Tinear equations. One is direct method "CROUT" algorithm,
another is iterative method "GAUSS-SEIDEL" algorithm. The efficient
.imp]ementdtion of the symbolic processing ﬁrogram that we propose is
based on these two algorithms. 'The~feduced 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 reasonab1y small, it would make
little difference if the fu]]hmatrix were kept in core.
However, if the sparse matrix is of larger order, it becomes
efficient in terms of core allocation to store oniy 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 é-N3 multiplications. For a large sparse matrix,



of course, the number of multiplications ié extremely Targe.
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.

Uniform linear structure: The brogfam RESULT which SOURCE pro-
duces is a long, linear sequence of FORTRAN statements which
are simple and all 6f the same type, therefore execution of the

compiled program RESULT is extremely fast.

Efficiency to a repetitive problem: In many instances, we must
"solve system Az = b, a number of times with a fixed sparéeness
structure but with varying.numerica1 values of the elements of
Aor b. In this case, our algorithm is particularly effiéient
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.



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
Az = b : ' (2.1)

with én arbitrary zero/noﬁZero struéture of 4. This algorithm system-

atically exploits sparseness by eliminating unnecessary‘arithmetic

) operation§ and by storing information in a compact, directly accessible
manner. It is based on the CROUT. elimination method, which consists of
a factoring 4 into the product, 4 = 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 4 , we let m take the value 1,2,...

N successively. For any given m , we compute

m=1
_ _ 'z
Yim = %im = n=1 inm > (2.4)
for ¢ =m, mtl, ..., N. Then we successively compute
m-1 )
umj - (amj - hgl %mhuhj)/zhm 2 (2.5)

for j = m+1, m+2, ..., N. In the backsubstitution; we compute



1-1

_ a3
Yy = ;= 421 2t

)/Rii s (2.6)
successively for ¢ = 1,2,...,N, and
N

_ . X
Ty T Y 7T n=i+1 “ibn

for < =N, N-1,...,1

Considering a decomposition process, in order to simplify formula
(2.4) and (2.5), the first steb is to determine which elements of L and
U are nonzero. The reduction consists of removing all terms containing
zero operands. The équations (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 u-batch is analogous to processing

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

The %-batch for m = 1 is simple to process since no product terms
are involved. For a specific 7, a formula is written if and only if

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

11
a;,.s Or at least one of the products in (2.4) is nonzero. Producﬁ~terms
are eliminated in two steps. First, we preserve only tho§e products in
which Uy # 0; this selection is indepen@ent of £ and thus is que only
once per 2-batch. Second, for each . we inspect the products selected

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

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

the system.



IMPLEMENTATION OF THE EFFICIENT METHOD

The efficient generation of the reduced CROUT algorithm by the
symbolic program SOURCE is essential for making this a]garithm 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 4 its adjacency matrix

A

A= (a;j) which is defined by

a.

R lzfaij;éo,‘
'7«7°=

Ozfaij'=0.
Since 4 completely characterizes the sparseness structure of 4, we
need only 4 to generate the reduced CROUT algorithm and 4 can be stored

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

making up one square matrix C whose elements are

R Y
{lw if >4 ,

e., =
ZJ ip e .
uij 1f i<g .

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

C,.the adjacency matrix of C.



One order of storing the bits of 4 is characterized by the mapping

K(i,g) of all pairs (i,4), 1<Z, j<W, onto the set of integers 1,2,3,...{N2

-and is represented in the following diagram:

-
1 N1 N2 ... oN-1
2 oN .. aN-4
N 3N-2 ... ' W |
! .

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 NV
array is exhausted. It can be defined as follows:

(§-1) (2N-3) + < if ©>F ,
K(i,§) = (2.8)
1(2N-1) - N + § 1f i<j .

A

The matrix C is stored in the same order as 4. Once cij has been
determined, a;; is no longer needed and cij is stored in its place.
Therefore, the total number of b-bit words required to store 4 and C is

(Nz/b)+1 words (b 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 ordef. It produces a reduced
formula whichlis written as a single FORTRAN statement in terms of just
two symbols, 4 and C,‘which are one-dimensional afrays of length »n and

n'. These arrays contain just the » and »n' nonzero elements of matrix



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 compi]atioﬁ of RESULT and economizés on storage. A
éonvenieht_choice'for the collapsed label of a nonzero element aij is I,
defined as the number of nonzero elements encountered in processing the
first K(i,4) factorization formulas. Similarly, a natural choice for
collapsed label of a nonzero element ¢ is J, the number of nonvanishing
L-U formulas which have'béen generated during processing of the first
K(i,j) of those formulas. The collapsed notation for a nonzero element

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

integer-valued functions of Kk, K=1,1,...,N2 by
. K A |
IK) =% a,
K (2.9)
J(K) = 72:1 e, -

The use of collapsed labels complicates SOURCE, when SOURCE scans
through formulas (2.4) for a specific ¢, it involves those products
Qihuhm’ h=1,2,...,m-1, in which Uy # 0. From these products we can
easily select those for which;'zih # 0 by refering to the adjacency
matrix C. The prob]em'is then to determine the label of lim and a._

. i’
and to retrieve the labels of Rih and u, . These -labels were determined

hm
during the processing of the hth‘batches and are no longer directly
accessible. " In principle, we could build a correspondence table
J<*K(<,4). 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.



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—f0rmu1a§. Since
the 2-batch and u-batch are.processed consecutive]y 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
e,ce,ryre,bee, b, ber, ece, ecr, the letter ¢ in the first -position refer
to a lfst of addresses of u-elements in a column and it is used to proéesé

"the 2-elements of the same column. Similarly, r» in the first position




10

indicates a list of addresses of %-elements in a row used td procégs
the u-elements of that same row. In addition, sequences whose symbols
begin with~r or ¢ are needed during the processing of the entire matrix.
The symbols associated with the processing of an 1ndividué] batch or
element begin with the letters b or e, respectively. The presende or
absence of the letter ¢ in the sepond position indicates a collapsed or
noncollapsed label, respectively. Finally, the letter e of r in the

third position denotes levels of column or row elements, respective]y.

Before further description of the'algorithm, it is important to

have the following sequences defined.
c(v) = K(v,m) v=1,2,...,m-1

where ¢ refers to a list of addresses of u-elements in a column with
respect to the batch m.. It is used to process the f2-elements of the

same column.
ce(v) = J(e(v)-1) v=1,2,...,m1

where cc refers to a list of the co1]épsed labels of u-elements in a

column with respect to the batch m.
r(v). = K(m,v) v =1,2...,m1

where » refers to a list of addresses of %-elements in a row with
respect to batch m. This 1ist is used to process the u-elements

of the same row. -

re(v) = J(r(v)~1) v =1,28,...,m-1
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where re refers to a Tist of the collapsed labels of %-elements in a row
"~ with respect to the batch m. And K(i,j)? I(K), 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 I-U matrix, respectively.

wth (i -|- p)-th
column colunn
o Cxqr e Cegty ** o Ceap ttt G2Ne
s ” Coy o0 Cety tt Cogmyap * " C._\.:‘
Cerae1) =7 Cepriatyip *' " Celmat)pe N
th row — Cr(1) Cr(sy °°° Crm-1) Chfa,m) " ° CLEN s 0 G mY A=
m . . : . -
(n + X D-th Cognyyo=t Criahra=t 07 Cogmatpga—t Chenoi)aeed
row : : : : .
cy C3x—2""" Cr(a—1)4 Nt Cifam)g N °7 7 A2 -

Figure 2-1

mth {(m 4 p)-th

colmnn column
! i
~~’n.x Ug,e *"° WUy " Utmip * " Uy N _1
A D .’:,g s U?.r: s ll:-,mi, b 'U'_'..N
: : -

We_yar ¢ Umalmyp *°° Vsl N

mth row —» bt In2r . lum Lo ©o0 Umpngp ©70 WK

(‘m +* - ])'{h N In:-n:—l,) Im+r.-\,'.' M Im+:y-l‘.n-l Ian:-l-"'

row UN-1,K

II\',I. IN.:‘: e Iy m1 ERA Ixx ]

Figure 242

.First, the symbolic program SOURCE scans the formulas (2.1), (2.2),
-and (2.3) for the batch m under collapsed one-dimensioné] form
m-1

1 =- 2 '
CK(m,m)+t 1 vei Cr(v)+t—1 Cé(v) +aK0w,m)+t—1 ~(2.10)



for t =1,2,...,N-mt1

m-1

Y = (- 1L Y + bm) / CK

m v=1'Cr(v) v (2.11)

(mym)

m=1

b . .
v=1 Cr(v) Cc(v)+p * aK(IV,m)+p) / CK(m,m) (2.12)

CK(IV,m)+p = (-

forp=1,2,...,0-m

Since the matrix 4 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 monotbnical]y increasing sequence {v(g), g=1,...,gmax } (which may

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

CK(v,m)’

v=1,2,...,m1 (i.e., of the nonzero u-elements in the m”" column above

the main diagonal). Llet

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

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

“v(g),m' Ajso, let

blg) = r(v(g)) = K(myv(g)) (2.14)

denote the k-label (uncollapsed one-dimensional label) of the location

as (myv(g)). Finally, set

ber(g) = J(r(v(g))-1) - (2.15)

12
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The mapping (2.8) is so constructed that for ¢=1,2,...,N-m+1, we have

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

sum appearing in (2.1) which can be written as m-1 and is
, ) Uu
v=1 "m+t-1 v,m
equivalent to the sum in (2.10), can be collapsed to
gmax ) “ = gmax C c
gzl mit-1,v(g) “v(g),m gEZ b(g)+t-1 “e(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 2m+t;1,v(g)"gzj""’gmax.

for t=1,1,...,N-m+1. The number of nonvanishing reduced %-u formula

generated in processing all formulas up to and including that for ‘
Qm—l,v(g) is ber(g). ~ The value of b(g) and of ber(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

gmax

¢ =a,, -
_ - T
K(mym)+t-1 K(m,m)+t-1 go1 cb(g)+t_1 cbcc(g) (2.17)

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

examine C for g=1,...,9 . IncaseC

b(gl)+t-1 mazx”. blgltt-1 = I, we must

replace the uncollapsed label b(g)+t-1 by'the'corresponding collapsed

label. If 8

blg)tt-1 = 0, we delete a term in the sum of the products.
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Finally, we determine the collapsed labels of and

A (m,m)+t-1

QKﬁw,m)+t—1 (if they exist) and write out Fhe resulting formula (if

they exist).

We can write formula (2L17) into a simpler form by further
t=1,2,...,N=m+1. To implement this step, we

}

examining Cb(g)+t—1’

consider a monotonically increasing sequence {g(s/, s=1""’smdx

(which may be empty), consisting of the column numbers of 1's among
Cortmp,v(g))® 9715 >ma
(mt+p)th row whose column- indices belong to the set v(g). The values

} (i.e. of -those nonzero %-elements in the

g(s) constitute a subsequence of the subsequence v(g). For s=1,...,s .,

maax
we .set
ecr(s) = ber(g(s)) + 1 = J(r(v(g(s))) +p) ~  (2.18)
and -
ecc(s) = beelg(s)) = J(c(vig(s)))) (2.19)
where
g A m-1 " A
max
= c = ¢ c
S mazx g£1 b(g) L5, Cr(v)p Ce(w)

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

in a collapsed form simply as

s
_ max
Gy = 521 ecr(s) Cecc(s) tar
or
S .
_ _ max . _
Cy = L Cecr(s) Cecc(s) if am+t—1,m 0 -

s=]1
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or

Cr=ar f Sm=y

We have‘comp]etéd 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 ihput data and initializing the bit map 1ist,
the program enters the reduction algorithm, which is written in program

notations, as detailed below:

1. Determine the sequences bce, b, and ber, simultaneously updating

ce(v), v=1,1,...,m-1 for the mth batches.

2. Determine »(m), re(m), and jd (id is the collapsed formula

label of the diagonal element zm m).~

3. Process the 2-formula (2.10) and write out a reduced Crout

“formula in a collapsed form.

4. Determine the sequences ber, b, and bece, simultaneously updating

re(v), v=1,2,...,m-1. Write out the formula for y .
5. Determine c(m) and cefm). -

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

formula in a collapsed form.



7.

8.

Update the sequences e(v) and r(v), v=1,2, ..., m-1.

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

symbolic reduced program RESULT has been generafed.

16
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PROGRAM INPUT/OUTPUT AND EXAMPLE

The program SOURCE is written in FORTRAN 'V gnd runs on the Univaci
1108 series. It will handle matrices up to order ¥ = 600: Input to
the program is by cards as follows: (1) one card containing N, the order
of the given matrix 4; and (2) [wuM/13]+1 cards (wUM, the number of non-
zero elements of 4) locating the nonzero elements by the one-dimensional

labeling %, k = 1,2, ...,N°

s defined by eqdation (2.11).
After reading the 1npuf data and storing the sparseness structure
6f 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 congistS»of two one—dimensiona] arrays, the
first array represents the numerical vé]ues of the nonzéro elements of
A ordered in accordance with the one-dimensional labeling as aforementioned.
The second array consists of the elements of ». The outpuf 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:



o O o o

-3
0 -1
0 0

o o o ~ O w

In fhis case, the input to SOURCE is

N ©O o1 ©O © O
o S~ O O O

1 2 4 8

S O O O O O

- “~ J

10 12 15 2

-11
38

13
11
-22

28 30 33

18

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

8.0000000+00 -1.0000000+00  1.0000000+00

and the elements of b are

-1.1000000+01

-2.2000000+01

3.8000000+00  0.0000000

-3.0000000+00

5.0000000+00

1.3000000+01

-1.0000000+00

-2.0000060+00

1.71000000+01

After the execution of program RESULT, we obtain the so]utions of

equations (2.1

)

-9.9999961-01
4.9999999+00
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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 kX =0, I =0, J =0
In step 1, we obtain
c(l} =0, ce(1) = 0, maxe = 0, K = K+1 = 1
In step 2, we update sequences r, ré
r(1) =K+1 = 2, re(1) = J+1 = 1, jd = J+1 =1
In step 3, since maxe = 0, all elements above the diagonal in column 1

are zero. Reduced formulas are generated according to (2.10) and update-
I, J, K. ' '

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

To continue this processing until ¢t = N-m#1, we obtain



I
I

1, thus, T

i

I+l = 2,.J = J+1

since are) 2, C(2) = A(2)

“J+1

I
]
Il

since S(4) =1, thus, T = I#1 = 3, J 3, C(3) = A(3)

K = Kit-1 = 6

In step 4, sincem = 1, the sum in (2.11) vanishes. A simple reduced
formula generated according (2.11),

y(m) = Bm)/C(jd), i.e.  y(1) = B(1)/C(1)
K=kKtl=7

In step 4, we update gequences e, cc
c(l)'—;]{=7, ce(l) =d =3

In step 6, since maxr = 0, all elements to the left of the diagoﬁa]{in
row 1 are zero. Reduced formulas are generated according to (2.12).

since al8) = 1, C(J) = A(I)/C(d) i.e. C(4) = A(4)/C(1)
To continue this processing until p = N-m.

I=I+l =65, J=J+l =5

since al10) = 1, C(J) = A(I)/C(id), i.e. C(5) = A(5)/C(1)

K = Ktp-1 =11

In step 7, since m = 1, no processing is needed. After the complete
processing for batch m = 1, the program enters batch humber m = 2.
The adjacency information will be Updated and appears as

11010001010100100020 "

+The symbol @ represents fill-in; i.e. an originally zero element
became non-zero during processing.

20
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In step 1, since &(7?) = 0, we have maxe = 0, and no intermediate sequences

are dgenerated.
= K+1 = 12

In step 2, we update r, rc

r(2) = K+1 = 13, re(2) = d+1 = 6, jd = J+1 = 6

In step 3, since maxe = 0, all elements above the diagonal in column 2
are zero. Reduced formulas are generated according to (2.10) and update
I, J, K ’

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

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

since a(is) =1, ¢c(J) = A(I), Z.e. C(7) = A(7)

K = K+t-1 = 16

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

re(l) = re(l1) + 1 =2, K =K+1 = 17

and. form the intermediate level labels

ber(1) = re(1) = 2, bee(l) = ce(1) = 3
and form the bottom level labels
4 ecr(1) = re(1) = 2, ecce(l) =v = 1

then write the backsubstitute formula

y(m) = (-Clecr(1)*y(ecc(1) + B(m)) / C(jd) <.e.

y(2)

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

e(2) = K=17, co(2) =d =7
In step 6, since 0?18) = 1, we form

bee(1) = bee(1) +1 =4

il
Do

ecr(1) = ber(1)
'eeé(l) = bee(l) = 4'
We update J by J+1, J =8, and write the reduced formula according
to (2.12). ' '
c(J)

(-Clecr(1)*Clece(1)) /C(4d) i.e.

i

C(8) = (-C(2)%C(4)) / C(6)
Next, since &(10) = 1, we form '
bee(1) = boc(1)41 = &
ecr(1) =Abcr(1) =2
ece(1) = boe(1) 5
= dJ+] = 9

C(d)

It

(—c(ecr(l)*C(ecc(l)) / Cc(jd) i.e.

c(9) (-C(2)*C(5)) / C(8)
In step 7, we update ¢, »

e(1) 8

Il

e(1}+1

it

it

r(1) = r(1)+1 = 3

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

~ In. performing the decomposition LU = 4, we have ignored the
possibility of a breakdown of the process due to one of the diagonal
elements, usually of I, having the value zero, so that the subsequent
division by this value is prohibited.

For example the matrix

r N
4 3 2 2
1 -1 4 4 T
2 -2 8 -6
1 -1 -3 4 J

has the perfectly good inverse

2 2 2 &
B 2 0 -2 -4
14 0 2 0 -2

0 2 -] OJ

but the matrix of order three obtained by omitting the last row and
column of 4 is singular, and we find

4 3 2 4 1 0.75 0.5
14 _ |1 -1.75 1 -2
2 -2 8 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 4 is zero, the matrix is
singular, and fhere is'no unique solution of the Tinear equations
involving matrix 4. If an earlier diagonal term vanishes, hoWever,



25
it means only that a. principal sub-matrix 4 has a zero determinant, and
does not necessarily imply singularity of 4. Usua]]y 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 symbo]ic reduced
algorithm as far as symbolic processing is concerned, we only deal with
Z, the adjacency matrix of 4. The numerical values of A are invisible
to the program SOURCE, and the reduced method will fail, if any sub-
matrix of 4 has a zero determinant, even if the matrix 4 is nonsingular.
The program SOURCE proceeds under the assumption only that the diagonal
element of ¢ are all nonzero. '

The entire program SOURCE requires only ¥ 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
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
compar1son 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 W = 10,25,50;75;100,125,150,175,200,225 with a sparse mafrix
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
~ Crout Algorithm and Reduced Crout

_Reduced :
Matrices Crout Crout Result
0 124 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




Executive Time (sec)

Core Allocation (K)
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Figure 2.6
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CHAPTER 111

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 matricés 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 Tike

_ . .
X X X T
X X X X '

X X X X
X X X
X X X X
X X X X X
X X X X X
X X X X
X X X
X X X X
X X X X
X X X
~ -

and be of very large order. It is clear that any elimination method would
rapidly 'fill up' 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
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Gauss-Seidel method, we write the matrix 4 in the form, 4 =D + L + U,
where D is a diagonal matrix and L and U are, respectively, lower and

upper triangular matrices with zeros on the diagbna]. Then (2.1) may
be written

Denote the jth

) 1 .
component of X, by Xg . To compute X.,, We use the first

equation in the form

- - N .
1
= - Z 8 -
Xpop = =(/agy) (g a0 - by)
In general
r=1 . N
r z J b - 1
X (fay,) (Zga, X+ 5L arJX‘Z b) (3.1)

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 proéessed with respect to the batch number r, product
terms are eliminated in one step, we preserve only those products in
which arj # 03 a reduced formula is written after each batch processing
of equation (3.1).




IMPLEMENTATION OF THE EFFICIENT METHOD

~ The efficient generatidn of the reduced Gauss-Seidel algorithm
by the symbo}ic 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(Z,j) of al]ipairs (i,3), 1<i, J<N,
onto the set of integers 1, 2, 3, ..., N2 and 1s'represented in- the
following diagram:

- _ W
1 2 N
N N#2 . 2N
IN+]
(N-1)N+1 L N°
. o

We start counting across row 1, then the second fow, etc., until
the full NxN array is exhausted. It can be defined as follows:

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

j=1,2...,N for each ¢ which ¢ = 1,2,...,0.

31
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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 js written as a single FORTRAN statement in terms of just
two symbols ¢ and X, which are one-dimensional arrays of length » and
N. The array a contains just the » nonzero elements of matrix 4 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 aFranged into an afray
according to its natural order, which éimp1if1es the compilation of
RESULT and economizes on storage. A convenient choice for the collapsed
label of a nonzero e]ement'aij is I, defined as the numbers of nonzero
elements encountered in -processing the first Xir formulas. It can be

+1
defined as an integer-valued fgnction of k, k=1,2,...,N2 by

When SOURCE1 scans through formula (3.1) for a specific r, it
) i i .
involves those products arjxi+1_’ Jg=1,2,...,r-1 and arjxi’ J=r+l, r+2a,

-:,N. The labels are determined during the processing of the r-batch
and it amounts to incrementing I by 1.

The solution of the Tinear equations (2.1) is shown in (3.1)
which can be reduced to a simpler form. We consider a mdnotonicai]y

increasing sequence {kseq(h), h=1,...;h .} (which may be empty), con-

sisting of the column numbers of the 1’s among aij’ J=1,2,...,N. Llet

I( K(i,5) ) ’ (3.2)
J ‘ (3.3)

kseq(h)

I

iseq(h)
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denote the collapsed one-dimensional label of the nonzero element aij‘
Also, let ﬁd be the collapsed label for the diagonal element a ;-

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

max

= - - _L : " ) .
wlr) =-1/a;; (- I, seq(h) RESNPR R L (3.4)

for » =1,2,...,N.



34
PROGRAM INPUT/OUTPUT AND EXAMPLE

‘The program SOURCT  is written {n 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 4, and (2) wUM, the number .of nonzero
elements of 7tk row of matrix 4 and [NUM/13] + 1 cards locating the
nonzero elements by one-dimensional labeling k, k = (i-1)*N+d,
Jg=1,2,...,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 4 ordered in accordance with the one-dimensional labeling mentioned
above. The second array consists of the elements of b. The output of
RESULT is the solutions of equation (2.1).

To_i11ustrate 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 SOURCI is

N NN = N W o
BN = W = =



The program ‘SOURC1 as wrftten in FORTRAN V is Tisted in the
Appendix, program 2. The generated symbolic program RESUL1 is shown
in Figure 3.1.

The numerical values .of the nonzero e]éments of 4, 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 4,0060000+00
-2.0000000+00 6.0000000+00

and the elements of b are
-1.1000000+01 3.8000006+00 0.0000000 1.3000000+0T 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
—
—
~— .
il

-9.9999961-01

x(2) = 4.9999999+00
X(3) = 0.0000000
x(4) = 2.0000002#09
x(5) = 4.0000000+00

x
Y
Lo
~—
1

= -2.9000000+00

35
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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 4 and

initializes 4 = 0.

Then, the program starts to simpiify (3.1) by femoving all product
terms which contain zero elements. A set of FORTRAN statements will be

generated.

As an example, we -discuss the batch processing-for » = 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

J + g+1, jd = j:= 1, update j = j+1 = 2

3, kseq(1) . = 2, update j = j+1 = 3

iseq(1)

it
ey,
{

5, kseq(2)

i
<,
Il
[N

18eq(2)

We know from (3.1)

I

x(r) = ~(-B(r) + A(kseq(1))* m(iseq(1))+ Alkseq(2))*x(iseq(2)))/a(id)

x(1)

-(-B(1) + A(2)*x(3) + A(3)*x(5))/A(1)

The generated FORTRAN statements are listed in Figure 3.1.



1=
2%
.3*
3oy
&%
7 %

R

%
10x%
ERE.
[ o=
[ 3%
1u=
15=%
§ &
172
1 B%
19%
20«

212

27 %
23%
Zun
PSR
Z26%
.27 %
28x%
29%
30
=
A2%
. 33%
Juwm

3%

3exn

23

n
s

CRT AL %Y Al 121470 £) 9 X 0
FEAD{S,20) (A(K) ,K=1, 12y
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FEADIG 20 JEND=99) (R{X) K =1,
OO ouan L=1, - & ' :
X(L)=2,

Y(L)=C.

TCOUNT=R
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) /A0 1)

¥ { 2)==~(~t( 2)+8¢ 4yxxl

¥)/A( %)
X 3¥=r{( 33/n ¢ &)

E)Y .Y &)

‘A)

IY+AL 3yexn(

1

X € Yys-(=t( 4yen 7yEx 1)

®) /A £)

X { S¥==(~B{ SY+A (¢ ey=xx

Y /AL 10)

X ( 6EY¥=-(=P( )+ d IBBESA]

) /A( 12

nn o&n L=j, &
TEMPZAPS(Y(L)=-X{L))
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CONTINUE
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sTOP
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CONTINUFP

¢e TO €0

END

Figure 3.1
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DISCUSSION

This paper has shown that the efficient Gauss-Seidel method s
app1icab1e to a given system if the existence of convergence is known
and the diagonal of matrix 4 contains no zero e]ementé. If it does
-~ have zero e]emehtS‘but 4 is nonsingular, it is always possible to get a
noh-singu]ar matrix by permuting rows and columns. But there is no
gudrantge 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.

be solved for x,,q to give

+1

» - -1 =1
Toiq = (D + L) Uxi + (D +L)" b

Let B =-(D + L)fl U, a sufficient condition for convergence is then

that || (0 + £)"1u|| <2, where || [ is the spectral radius of B (see
1, p. 432). '

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
which is at least N2'words. Thus makes quite a difference if the order

W 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 oOrder to
test the execution time of our algorithm, we use the same examp]es‘as
in Chapter II. A set of results are listed in Table 3.1 which verifies
that thé 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

Reduced

Matrices Gauss-Seidel Gauss-Seidel RESUL1

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 .batween 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. Iterafive methods -
are used mainly in those problems for which convergence is known to be
rapid, so that the solution is obtéined with much less work than that
of a direcf method. Iterative methods are particularly advantageous for
the very large matrices that often occur in numerical solution of partial
differential equations. | 4

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 Crout 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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MAIN PROGRAM
AFTER READING THE INPUT DrTA AND INJTIALIZING THE BIT MAP LIST,
THE PROGRAM ENTERS THE REUDUCTION ALGORITHMy WHICH IS BASED ON THE
CROUT METHOD» AS DETAILED BELOW
IMPLICIT INTEGER (B,C,E,R)
COMMON /AREAL/IPOINT,IWORD{10000)
COMMON /AREA2/NyMylsJd Ky JDsMAXIC»Cl400Y,RE600)»cCctb00)»RC(600),
*B(600)1CR(600),BCCL600)
DIMENSION JCARD(12)
DIMENSION INPUT(16)
CALL CPUTIM(IVALIL)
COMMON /AREA3I/ZECR(600Q),ECClEQQ!
IPOINT=I
I1=0
J=0
K=0
Do 50 KK=1,10000
IWORDI(KK)=0
50 CONTINVE
IPOINT=L
READ(5,10) N
10 FyRMAT(215)
3 READI(5,20,END=21) (INPUTIII),J1l=1,18)
20 FORMATI(1615)
INITIALIZING THE BIT MAP LIST -
DO 30 II=1,16
CALL STOURECINPUT(IT), 1)
30 CONTINVE
Go TOo 3
21 CONTINUE :
ENTER THE REDUCTION ALGORITHM
DO 40 M=1,N
CALL CHARTI
CALL CHART2
CALL CHART3
CALL CHARTH
IF{MeEQeN) gO TO 99
CALL CHARTS
CALL CHARTS
CALL CHART7
40 CONTINUE
99 CONTINVE
ENDFILE 2
REWIND 2
NRITE(3,400) [sNsJsNsN '
400 FORMATIU(T7,'REAL®H ALY 3I5, %) 3BU ', I59"),Cl?,I58,%),Y(",159%),X("*,
$[540)0)
WRITE(3,410) |
440 FORMATITS, 'S READ{(S»1D01END=P9) (A(I)sI=1,'s15,%))
WRITE(3,420) -
420 FORMAT{(T4,10 FORMATI{IPSEL4e7)")
WRITE(3,450) N
450 FORMATI(T7,*READ (5,10) (B(I),I=1,%'915,")")
98 READ(2360,END=999) (ICARDI(II),11=1412)
60 FORMAT(12p6)
WRITE(3,60) ([CARD(IIVII=1412)
GO TO 98
999 CALL CHARTS



430

440

470
471
472
473
500

510

66

10

-»

WRITE(34,430)

FORMAT(T7,*WRITE(640) ")

WRITE(3,440)

FORMAT(TY4,%4) FORMAT(5X,**THE SOLUT]ONS OF EQUAT]ONS AX
v//77/7)°)

WRITE(3,470) N

FORMATI(T7,'D0 30 [1=1,'415)

WRITE(3,471)

FORMAT(T7 ,ARITE(6,20) Jo4X(1) V)
NRITE(3,472)

FORMATUTH,v20 FORMAT( DX, " X( 0,5, )=ve IPEL4,7)")
WRITE(3,473)

FORMAT(TH4,*30 COUNTINUE")

WRITE(3,500)

FORMAT(T7,'G0 T0 5°')

WRITE(3,510)

FORMAT(TY4,'99 END')

CALL CPUTIM(IVALZ2)

IE=({IVALZ2~1vALL1)*200

WRITE(6,66) IVALL,IVAL2,]E

FORMAT(IH ,//7/s" THE CPU TIME 1S *¢,3110)
ENDFILE 3

STOP

END

SUBROUTINE STORE(K,1BOOL)

STORE THE INFORMATION INTO THE BIT MAP.
COMMON /AREAL/IPOINT,IWORD(10000)
KK=K=1

1=KK/36+1

J=MOD(KK»36)

FLO(UJ, L, IWwORD(1))=1B0O0OL

RETURN

END

INTEGER FUNCTION IBIT(K)
INITIALIZING THE BIT MAP«

COMMON /AREAL/IPOINT,WORpD(10000)
KKEK=]

[=KK/36+]

J=MOD(KK»364)
IglT=FLDlUs i IWORDI(I))

RETURN

END

SUBROUTINE GET(UBIT)

RETRIEVE THE INFORMATION FROM THE BIT MAP.
COMMON /AREAL/ZIPOINT,WORD(10O0Q0D)

DATA [/=1/

TI=l+]

IF{I+LEs35) GO TO 10

1=0

IPOINT=IPOINT+I
JBIT=FLD([s1,IWORD(IPOINT))
RETURN

ENTRY PUT
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STORE THE INFORMATION INI!O THE BIT MAPe
FLD(I,1,IWORD(IPOINT))=]}

RETURN

END

SUBROUTINE C(CHARTI

DETERMINE THE SEQUENCES BCCyB,AND BCR, SIMULTANEQUSLY UPDATING
CCllVIsVET} 4250000 3M=] FOR THE MTH BATCHES.

IMPLICIT INTEGER (B,C,E4R)

COMMON /AREAL/IPOINT,|WORD(10000)

COMMON /AREAZ2/NsMyT9JyKyJDsMAXIC,Clb00)},RE600)»cc(b600)sRCE600D),
*B(600)sBCR{60U),BCC(46D0)

K=K+

Ivel

Ic=0

MMEM=1

IF{MeEQs]l) gO TO 30

IFCIBITIC(IV))IEQeD) GO TO 20

CClIVIZCC(IvI+l

IC=1C+1

BCC(Ic)=CctV)

BIIC)=R(1V)

BCR{IC)=RC(IV) -
IFCIVLEQeMM) GO TO 30

IVEIve+l

GD TO 1O

MAXIC=1C

RETURN

END

SUBROUTINE CHART2

DETERMINE R(M)sRC(M), AND JD (JD IS THE COLLAPSgp FORMULA LABEL
OF THE DIAGONAL ELEMENT L(M,M)),

IMPLICIT INTEGER (B,C,E,R)

COMMON /AREAZ2/NsMylsJ s Ky JDIMAXIC,Cl400)»RE600)2¢cc(600)yRCLEDD),
*B(600)»BCR(60D0D),BCCL600)

R(M)=g+])

RC{M)eJd+l

JO=J+]

RETURN

END

SUBROUTINE CHART3

PROCESS THE L=-FORMULAS aND WRITES OUT A REDUCED CcROUT FORMULA IN
COLLAPSED FORM

IMPLICIT INTEGER (B,C,E,R)

COMMON Z/AREAL/IPOINT,1WORD(1000D)

COMMON /AREAZ2/NyM,1,J,K,JDsyMAXIC,Ccls00),R{600)r»cc(600)4+RC(600),
*B{600)sBCRIG6DO)»BCCLADO)

COMMON /AREA3/Z/ECRI(600)yECCl60DQ)

IFIMAXICeEQ.0) GO TO 80

17T=1

Ic=i

ID=0 .

IFCIBIT(BlIC)I+IT=1)eEQe) GO TO 30

BCRGIC)=BCR(IC)+I

A
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1o=ID+1 4Y
ECR(ID)=BCR{IC)
ECC¢IDI=BCC(IC)
IF(MAXICeEG.IC) GO TOU 4@
IC=I1C+1

GO TO 23

CALL GET(YBIT)
IF(JBIT.EQeD) GO TO 40
IF{ID.EQeD) GO TO 50
I=1+]

J=sJd+]

WRITE F3

CALL PRINTZ2(1ID)

10=0

Go T0 7u

[=[+1

J=J+ i

WRITE F1

WRITE(2,350) Jsl
FORMATULIH LT7,'CU",15,%')=A(*,15,')")
G0 TO0 70

IF(IDJER.Q) GO TO 70
Jd+l

CALL PUT

WRITE F2

CALL PRINTI(ID)

1D=0

IFUITLEge (N=M+1)}) RETURN
K=K+1

1IT=1T+1

Go TO IO

CALL GET(J4BIT)
IF(JUBITEQeQ) GO TO 9D
I=1+1

J=J+]

WRITE F i

WRITE(2,350) Jsl
JIF(KeEQel (M=1)*(28N=-M)+N}) RETURN
K=K+1

GO TO 8y

END

SUBROUTINE CHARTH

DETERMINE THE SEQUENCES B8CR;B, AND BCCs» SIMULTANEOQUSLY UPDATING
RC(V), V=l ,2,ee0yM=1 FOR THE MTH BATCH AND WRITE ouUT THE

FORMULA FOR Y(M).

IMPLICIT INTEGER (ByCyE,R)

COMMON /AREAI/IPOINT,IWORD(10000)

COMMON /AREAZ/N My I 2sJKyJDsMAXIC,Cl600)REE600)ycc(b00)»RCE600),
*B{600)»BCR(600U),BCCL4600)

COMMON /AREA3/ECR(600)ECCl6D0)

DATA LC LYSLP/'=C(*yt)my(v,0)/

K=K+])

1v=1l

1C=0

MMEM=] .

IFI{MeEQel) GO TO 30

IFCIBITI(R(IV))«EQeD) GO TO 20

RCUIVI=RC(Iv)+!

1¢=1C+1
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BCR{Ic)I=Rc(]V)

BlIC)Y=Cl1vVy)

BCClIc)I=CclIV)

ECRUIC)=RC(IV)

ECC(Ic)=aly

IF(IV.EQeMM) GO TO 30

Ivelvel

GO0 TO0 10D

MAXIC=I1C

IF{IC.NE«Q) GO TO 40

WRITE Bl

WRITE(2,300) MiM,JD :
FORMATUT7 0y (515, )=B(*,15,)/C(*y15,'"1")
RETURN

WRITE B2

IP=1C=-3

IF(IP.LESD) GO TO 50

WRITE(2,310) My (LCHECRIUII)sLY,ECcC(IT), LP,I1=],3)
FORMATIT7 ,*'Y({*»I5,")=(*",3(A3,15,A4415,A1))
WRITE(2,320) (LCLECRITI) LY ECCIII),LPslI=4,]C)
FORMAT (T4, ¢? 3 3(A3,15,A4,I5,A1)))

GO TO 60 )

WRITE(Z2,310) MrylLCIECRUTIIIZLY,ZECC(IT) LPyI=1,1C)
WRITE(2,350) M»JD

FORMATUTO e, '+B( ", 15,'))/C(?"y[5,%)")

RETURN -
END

SUBROUTINE CHARTS

DETERMINE CU(M) AND CC(M).

IMPLICIT INTEGER (B,C,E,R)

COMMON /AREA2/NsM315J,K,JDsMAXIC,Cl600),RI600)»cCl600)sRCIE00),
*B(600)+8BCR(600D),BCCLED0)

C(M) =k

CCtmMr=y

RETURN

ENnD

SUBROUTINE CHARTS

PROCESS THE U~FORMULA AND WRITE A REDUCED CROUT FORMULA IN A
COLLAPSED FORMo

IMPLICIT INTEGER (BsC,4E,R)

COMMON /AREALl/IPOINT,IWQORD(1DD0O)
COMMON /AREAZ2/NsMylsJ,sKyJDs MAch.c(éuo).R(éou)-cc(600),Rc(6uo).
*B(600)sBCR(600),8CCL600)

COMMON /AREA3/ECR(600)ECC(600)
IF(MAXICeEQs0) GO TO 80

1T=1

1¢=1

10=0

IFCIBIT(B(IC)+IT)EQeB) GO TO 30
BCCLIC)=BCC(IC)+1

IDEID+!

ECR(ID)=BCR(IC)

EcceIpl=BCcceIc)

IF(MAXICeEQ.IC) GO TO 40

IC=1C+]

GO TO 24U

callL GET(yB1IT)
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1FLJUBIT.EQ.DQ) GO TO 6D
IF(IDEQeD) GO TO 5u

I=1+1
J=Jd+1}
WRITE

F3

CALL PRINTHY({ID)

1D=0
GO TO
1=1+1
J=d+1
WRITE

70

F1

WRITE(2,300) J»1,4JD
FORMATUT7 ,'C(* 915, )=Al*",15,*)/C(*315,%)")

GO TO

70

IFUIDLEQsD) GO TO 70

J=d+]
WRITE

F2

CALL PRINT3(1D)
CALL pPUT

1D=0
IFCIT
KzK+1

«EQe (N=M} ) RETURN

[T=1T+1

GO TO

1o

CaLL GET(UBIT)
[F(JBIT.EQeQ) GO TO 90

[=1+1
J=J+]
WRITE

Fi

WRITE(2,4300) JslJD
[F(KeEQo (M@ (2eN=M))} RETURN

K=K+1}]
GO 7O
END

80

SUBROUTINF CHART?

UPDATE THE SEQUENCES ct(v)
IMPLICIT INTEGER (B,y,C,E,R)

51

AND R(V)9 V=l’2’0'.’Mnl

COMMON /AREAZ2/NyMy T3 JsK,JDsMAXIC,CC(600),R(600)ycc(600)»RC(E00),
*B{600)»BCR(60D0),BCCL60D0)
MME=M=]

IF{MM
DO 10

eLEe0) RETURN

IV=1 MM

CUIVI=ClIV)+l]
R{IVI=R(IV)+]
CONTINUE
RETURN

END

SUBROUTINE PRINTH4(ID)
IMPLICIT INTEGER (B,C,E,R)
COMMON /Z/AREA2/NyMylyJ Ky JDsMAXIC,Cl600),RE600)scc(b600)sRCI600),
*sB(600)sBCR(600),BCC(6D0)

COMMON /AREA3/ECR(600)ECCLS0D)

DATA

TLy12,13,04,15,16917/%=C( ,0Cle,v)eci®,")?",

1P=1D-2

IFCLP

WRITE(Z2,100)

«LEe0) GO TO 10U

s)=(, )/ Cci Aty

1230015, 17,31, 14,01 1,ECRITINZI3HZECC(IT)»14y11=1,2)
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WRITE(2,110) (I1,ECR(IT),yI3,ECCUII),I4,11=3,1D)
110 FORMATU (Toyr w3 3(A3,15,A4,15,A1)1))
G0 TO0 20
10 ARITE(Z,100) 125J0155 17130143 (1 14ECRETIDZIBLECC(IT),I4,11=1,1D)
100 FORMATIT7 ,A2515+A39A2,15,A132(A3,15,A4,15,A1))
20 WRITE(Z,1203) 16,JDs14
120 FORMAT(TS6,%«* ,A4,15,A1)
RETURN
END

SUBROUTINE PRINT3(1ID)
IMPLICIT INTEGER (B,sC,E,R)
COMMON /AREAZ/N3sMy I sd,K,UDsMAXIC,C(400),R(600)y¢cC(600),yRCEE00),
*8(600),BCRI600),BCC(600)
COMMON /AREA3/ECR(600)sECC(60DD) .
DATA Il»12n13.14,15916,17/'-C('.'C('3"*C(',')'."“'.’)/C(’.'A('/
IPE]D=3 ‘
IF{IP.LE«D) GO TO 10
WKITE(Z2,100) 125JyI53 (11 ECRUTITI),yI3,ECCCIT)»Ils1[=1,3)
100 FORMATI(T7 ,A2+,159A3:30A3,154A4,15,A1))
FRITE(2,110) (I1,ECRUTIIIZIIHECC(II), I4511=4,]1D)
110 FORMAT((Tb,yt8,3(A3,15,A4,1I5,A1)))
GO TO 20
10 WRITE(Z,100) 12,JsI5,(11,ECR(II),13, EcC(xx),xq.ylzl.xo) -
20 WRITE(2,120) 16,4D»s14
120 FORMATITO, e ,A4,]15,A1)
RETURN
END

SUBROUITNE PRINT2(I1D)
IMPLICIT INTEGER (B,C,E,R)
COMMON /AREAZ2/NyM,1,J,K,JD, MAxlC,C(bOO).R(60U)9CC(600).RC(6OU),
*8(600):BCR(bOO).BCC(bDO)
COMMON /AREA3/ECR{6U0},ECC(400Q)
DATA 11912313, 145I5516/7%CI ) 2C vy )0yt =Clt,tA(Y,")="/
IP=1D-2
IFlIP.LE«Q) GO TO 10 .
WRITE(2,100) I19Jslbs15, 13133 (I4,ECRUIIIZIZ24ECC(II)13911=1,2)
100 FORMATI(T7,A2,15,2A2,155A1,20A3,15,A4,15,A1))
WRITE(2,110) (T4 ECRUIT)»T29ECClEI), 13»11=23,1D)
110 FORMAT((TEst ety 3{A3,15)A4,I5,A1)1))
GO TO 20U
10 NRITE(Z2,100) 113J316515,5 13135 (I4,ECRITITI)ISZIZ2HyECC(II)yI3s11=1,1D)
20 RETURN
END

SUBROUTINE PRINTI(ID)

IMPLICIT INTEGER (BysC,E,R)

COMMON /AREAZ/N.M,I.J,K,JD,MAXIC,C(&DD),R(600)pcc(609),RC(60U).
*8(600)sB8CR(600)}sBCCL6D0)

COMMON /AREA3/ECR(600)sECCl600)

DATA 1190251354915 16/7°CU 9 )8 (0 )0, Pp(v, ¥ )=t/

[P=1D=-3

IFUIP.LEQ) GO TO 10

WRITE(Z4,100) [13Jy 165 (1499ECRUTID)yI2,EcClITIYsI3911=1,43)

100 FORMAT(T7,A2+151A253(83,15984,15,A1))
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WRITE(Z2,110) (I4,ECR(IT1},12,ECC(I1),13,11=4,1ID)
FORMAT( (T4 ,ve¢ ,3(A3,15,A4,I5,A1)))

GO TO 2¢

WRITE(2,100) I1sJsI163(T4,ECRIIT),I2,ECCUITI)yI3911=1,1D)
RETURN

ENnD

SUBROUTINE CHARTS

WRITE OUT THE REDUCED FORMULA FOR SOLUTION X(I),1=1,N

IMPLICIT INTEGER (B,C,E,R)

COMMON /AREA2/NyM,1,J4K,JDyMAXIC,C(l600),R(600)scc(b600)yRC(600),
B(60D0)sBCR{6U0D)»BCCLADD)

COMMON /ZAREA3/ECR(600),ECCLS600)

DATA LCsLXyLP/"=Cl*yt)ey{?,0 )0/

WNRITE(3,300) MM

FORMAT(T7 ,'x(*s15,%)=Y(",15,')")

MM=M=1

DO 100 L=MM,1,-1

Iv=N

10=0

IF(IV.LEsL) GO TO 30 .
IFUIBIT(C(L)).EQsD) GO TO 20

"ID=1D+1

ECR(IDI=CC(L)
ECCtiIpli=ly
cclLy=Ccipd=1
Iv=iv=-1i

CiLy)=clpL)=1

Go 70 1D

IFCID.NEQ) GO TO 40
WRITE(3,300) Lol

Go TO0 100

NRITE(3,310) LeLsECROLD),ECCLL)

FORMATOT7 X (v 15,° )=y, 15,9)%,0cC(*,15,%)eX(',15,%)")
IF((ID=]leLEU) GO TO 100

WRITE(3,320) (LCHYECRUII)sLXHyECCUITI), LPyII=2,1D)

FORMAT (T3 3(A3,1553A4,1I5,A1)))

COUNTINVE

RETURN

END
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REAL*Y Al

REAUD(SL, 10, END=99)

281)+8B(

FORMATULIPSEL44 /)

READ
(o
CH
Ct
c(
c(
Cd
Yt
ct
C
C(
(&}
C{
C{
ct
(o
cH{
(O
()
C{
Ct
c(
C{
(o
Y(
0+5(
C{
*)/CH{
C(
#)/CH(
(o
#)/CH
C{
*)/CH(
Ci
«)/C(
C
*)/CH
cl
*)/CH
C{
«)/C|
Ct
Cc
C
Y
Cl
C{
ct
ct
Y(
w4+
Cl
e} /CH
Cq

(5,10) (BUI),I=1,

1)=a(
2)=A(
T3)Y=aA0
4)=A(
5)=p(
6l=a(
1)=81(
7)=p0
8)=al(
F)=Ad
lul=al
11)Y=al
12)=ad
13)=a(
I4)=A(
I5)=al
16)=A1
7)==
o)==
fy)=al
2ul)=Al
Z1l)==C{
22)V==CH{
2)=(=C(
2))/ct
23)=(Al
161
cd4)=( Al
16)
25)=(Al
16)
2o)=(A(
16)
Z7)=(al
16)
Z8)Y=(Aal
16)
29)1=(al
16)
Jul=(Al
16)
3l)=al
32)=a¢
33)=A¢
=g
34)=a(
35)=a(
36)1=A ¢
37)==Cl
4)y=(=-cCt
4))/¢
3sl=(=-C(
36)
39)=al

1)
2)
3)
4 )
5)
6)
1y/sct
7YscCH
8l/CH
*ANEA
10)/7¢CH
11YsCt
12)r7CHt
13)r7c¢Ht
1417CH
15)/7¢Ct
16)~CH
3)eCl
4)yasCH

17)

18)
S5)ecCl
6)«CH{

2)eY(
16)
19)=-CH

2G)=CH
21)=Clt
22)=Cl
23)=-CH
24)=¢CHt
25)-CHl
261 =-CH

27)
28)
29)
3)sct
3udrsct
31dsct
32)-ct
33)eCH
32)eY{
36)
32)eCHt

33)

57)5C0  446) Y

LALT)»1=1, 281)

57)

1)
1)
1)
1)
1)
1)
1)
1)
)
1)
2)sC(
7)
7)

7)
7)

1)
2)»CH{
2)+CH{
2)+C|(
2)=ClI
21»CH
2)1+CH

21+Cl

21eC

31)
31)
31)
32)*Cl
3y4)
3)

35)

7)

8)

?)

lu)

12)

13)

14)

15)

34)
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C(
C(
Y i
ct
CH
(G
C
C{
C(
CH
Y(
Q+B(
C{
(G
) /CH{
(o
*)/CH
CH
s} /CH
C{
C{
Y
0#8(
CH
s)/C(
C{
«)/CH
(G
«)/CI
Ct
(G
it
c
(W
i
cl
Y{
s+p(
Cc(
=) /CH(
C
*)/CH{
Cq
=) /CH{
Ccl
*) /CH
C(
s«)/Cl
Ct
*}/CH
Cd
*)/CH
CH
~C(
Cf
(o
C{
ct
Cq
(o
Y {
e+ (

4ul=al
41)=A(
5)=g{
42)=a¢
43) =4
44)=A(
45 ) = A
46)=Aa1
47)=A¢
48)==((
_6)=(=-CH¢
6)Y)ysct
49 ) =4
Sul=(al
46)
51)=(a(
46)
SZ2)=(Al
46)
53)=Aa¢(
L4)=-C(
/1=(~-CHl
7))/7¢CHt
S5)=(=CH
53)
Hol=(~CH(
53)
57)1=(=~C(
53)
He)l=Al
S9)=a
bul==Ct
bll==C{
62)=p¢
63)==C{
b4)==({
bl)={=-Cl
8))sCt
asb)l=(al
58)
66)=(=-Cl
58)
o/)=(~-Cl
58)
o8)=(al
58)
6?)=(=C(
58)
ful=(-C(
58)
7i)l=(=-Ct
58)
72)=AL
H9)Ye(C |
73)==C(
74)Y=s-Cl
75)==C{
76)==CH
77)=4(
78)==CH{
9)=(~-Cl
?))/CH

34)
35)
5)/CH
361/¢cHd
371/Cl
3gl/sci
39)/7CH
41 -CH
41)
41 )«Ct

4L )Y A

46
42)7CH
43)=-Cl

44)=C

45)~-CH(

46)-CH
48)#C(
471eY(
53)
471eCH

4/71CH

47)scCH

47)1=¢t
48) -
17ieCHt
2001+ Cl
49)
5)eC
6)eCl
J)sY(
54)
50)-CHt

3)*CHt
3rsct
51)=-CH(
3)*C(
J)+C(
3)eCH(
52)-CH
65)
19)sC
20) +CH

62)C(
5)«Cl

53)

6)#ClI
4)r+Y(
72)

39)
39)
39)
39)
3
40)#C(

H2)
51

46)
4urect

40) #C (

4u)1CH

47)«Cl

49)

6)
50)
51)
52)

3)ect

4)»=¢cH

23)

23)
8)~-C(
8)-C(

1)=cCH
3)=CH
10)=CH(
11)=CH(

S 3)+CH
i3)=C¢(
14)=CHf
19)~C(
4)sct
T24)~C{
24)=C(

&%)

9)-Cl

?)-Cl
1)=CH

42)

43)
44)
45 )

49)

Bl=CH{
B)-Cl

21)eCH
22)sCH(
17)#Y(
7)=Ct
17)sCt
17)1sct
12)=CHt
17) =
17)scl
173 et
?)-CH

L) »CH
61)*CH

21)+C(

22)*C|
181y

17)sCt
18)ec

23)
23)
2)
17)sCH
25)
26)
17)«C(
28)
29)
30)
181

65)
65)

24)-C|

24)=CH

2)=CHt

23)
23)

24)

27)

24)

63)eCl

64)eC !
59)eY(

56

65)

65)
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79)1={(-Cl
72)
sul=(=-CHt
72)
sl)=(~-Cl(
72)
b2)=(=ClI
72)
odl=(~-Ct
72)
g4)s(-CH{
72)
BS5)=a(
b6 =A(
lu)=pB(
s7)=al
Bso)=Aa(
6Y)Y=A1(
73)«C(
Ful=al
54)e(C(
91)=A(
92)==C\{
93)==CH{
Y4) ==
76)+CH
vH == (
yol==C{
78)«(C(
pli=(-ct
ub) sy
LE))ys7ct
y/)Y=(al
/13)«C(
89)
98)=(~Cl
89)
yel=(-Cl
89)
fuul=(AHL
73)eC ¢
89)
lulld=(=Cl
89)
lul)=AL
HL4)e
ludd=al
lud)==C(
92)sC
lub)==Cl(
lus)==Cl
76)«C(
tu7)==Cl
lugl==C |
78)s(H{
luo9)=al
12)=(-¢t
FU)eY {
12Y)y/70(

Tlul=al

111)=(-C(
lu2)

4)eCH

4)eC

4)eCH

4)eCH{

4)eCH

4)eCH

54)
55)
10)sCt
56)/7CH
57)/7CH
58)=CH
79)=CHt
59)~CHt
551}
60)
20)#CH
62)sCH
5)sCl
79)
77)«CH
6)»CH
79)
19)ey
10}
89)
611=-Cl
B0)=-Cl

19)sCH
17)sCHt

62)-Cl
831

191t

63)=CH
S6)=-Cl
641~
20)»CH
?7)
62)sCH
5)sCHl
8§0)-CH
77)sCH
6)+C(
801=-CH(
65)
41)rey(
i)
104)
66)/7CH
FulreCl

10r=CH(
11)=C¢
12)1=CH
13)=CH{
P4)=Cd

15)=CHt

85)

85)

85)

19)sCH
B86)e(C

41)eCl

25)=-CH
66)-CH
loy=-cit

79)
lo)=ct

2)=CH{
lg)eCli
86)eCl

27)1=CH

28)=Cl(

19)+CH

30)=CHt

41)»CH
u)«CH

91)eCH(
26)~CH

67)=CH
l1y=cCt
94)eC
Byl=CH
l1)y=-cCd
26)eCH

5)=C|(

lu2)

98)

lS)’C}
18)sCt
18)«CI
18)sCH
18)eCH(

18)ec

25)=CH{
871
43)=-CHt

61)=Cl
75)sC(
21)eC(

22)+Cl
60) ey (
26)-CH{
58)

60)+Cl
60)sCH

29)=CH{

60)»Cl

44)=CH
?7)

971}
61)«C(

75)*((

21)sCHt
97)
95) et

22)+CH
97)

48) Y (

25)-CH
26)=Cl
27)-CH
28)-Cl
29)1=Ct

30)=Ct

60)el

48)»CH{
66)=Cl
79)
25)1=Ct
25)=Cl

8)~ct
6G5)sCH

68)=C(
69)1-Ct

bulsCl

711-Ct

48)eCt

671=CH

8u)=Ct
26)=CH

97)
26)=CH{

6)=Ct

59)+C Y

59)»CH{

59)eC ¢

59)1sCHt

59)sCY(

SY)sC(

66)

50)

74)=Cl

63)e(H(

64)*CH

73)#Y(

67)

73)1%C ¢
73)eC{

701

73)#CH(

511}

741reCH

2318

63)sClH

64)

S54)sY{

68)
69}
70)

71)

57

66)

67)

79)

6o)

66)

91

842)

84) -
80)

97)
67)

67)

71
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C(
*)/CH(
C(
*)/CH(
C{
) /CH
C(
«=C{
*}/sC(
(o
(o §
C(

C
c{
Ct
(|
Y (
w4+
Ci
*)/CH
C(
=) /CH|
C{
#)/CH
(o
«)/CH
C(
*)/CH(
C(
Y(
"'C(
=
#+p{
c(
l-c(
*)/CH
c(
‘-C(
*)1/CH
C

w=cH
*)/c

C{
*=C{
*)/CH

cl
) /CH

o
*=~C(

cq
s=C{
*=C{

ct
w=C{

C(
ey
s~C{

Cq

Y
«=C(
=+8{

ct

112)=t(-Ct
102)
113)=(=-C(
102)
1i4)={~-C(
102)
115)=(Al
S54)ys((
102)
116)=a
117)==CH{
118)=-CH{
119)==C{
12u)==~Cl
121)==Cl
122)==Cl
13)=(~CH
131)7¢CH

123)=(=C(

116)
1249)={~C!(
116)
125)=(~-C(
116)
126)1=(~Cl
116)
127)=¢(-Cl
116)
128)=a(
14)=(=Ct
61) ey (
lud)#yY(
i4))y/sct
129)1=(~Cl
92)=C |
128)
13ul=1~-CHt
92)eCH
128)
131)=(~-Cl
22)eC !
128)
132)=(-C(
92)ysC(
128)
133)=(=C|(
128)
134)=a(
93) e {
135 )==({
76)sCH{
119)#C(
136)==({
12U)»CH
13/7)==C{
78)sCH
121)eCH
138)=~C¢
1S)=(=C(
1uS ) #y (
i5))ysCd
139)=1=CH{

ulscl
Fu)*CH
Fur=Cl

67)1=Ct

- 571

68)~C
104)*C(
105)=C
106)#C(
107)*C
1uB)sCt
169 ) eC
91wy
116)
Fl1)=CH

g1)acH
1) ec
Firec

103)=CH(

691 -C(
20) =Y (
8=l

12)=Ct

1248)
2ul*Cl

98)=¢ctl

20sCl
991=-Cl

2u)*Ct
100)~-Clt

2y)*Cl
101 )y=Cl(

104)»CH

7ul=cHt
98)=CH{
S5)eCl
8l)=C(
123)
7718t
123) -
&)»C(
8l1)-Ct
123)
1ud)ieCHt
62)+Y(
12)=-CHt
134)
62)*C(

99)
o)
ton

41)1scCl

103)eC
QYR
1io)
110)
110)
119)
110)
11)=C(

98)=C( -

99)=CH
1po)y~-cCHt
lo1)-ci
115)
33)eCl
2)=-C|

Tyyey
117)1#v(

271t
104)+CH

28)1=CH{
104)eC

29)=CH
104)sC(

30)=CHt
[QIERE Yl

115)-Ct
62)eCH
105)*C(
12)=-CH
94)eCH
81)=CH

12)y=-Ct
?6)»CH

111)y=-ct
81=-¢l
IBEREAK]

69)-CH

45)=-C{

110)

103) =y
1031+
103)eC(
103)=Ct

103) ¢

35)=C(
33) =y (
?)=CH
13)

61}
P11 =

61)#c
112)=C1(

611
113)=CHt

61)eCH
114)=Ct

117)eci
68)=-((
1) =-ct
2l)*C¢
98)=CH{
$5)eCH

“22)*C |
"98)-C(

1221+
75){Y(
13)

75)+C(

4g)eCl

12)
1in
112)
113)

114

37) el
3)=-Ct
92)sY !

68)=-Cl
117)+CH

69)~CH
117)eCH

70)~=cl
117)ect

71)=Ct

117)eCt

127)

A5} e

118)«Cl
27)-Ct
106)eC
98)=-CH

271~
108)sCH

123)
?2)~Cl

82)=-CH(

52)

38)
37)8Y ¢
11

74)#C{
123)

T4)wC{
124)

T4 e
1251

74)YeC
126)

81)
123)
63)eCd
111)
107) et
64)eCl
111)

93)reY(

931eCY

58

4)

82)

"83)

84}

68)

111)

68)

79)



a=C(
) /CH
C(
*w=c(
#)/C(
(e}
e=C{
*)/CH
it
*)/CH{
ct
ct
C(
Y
C(
C(
Cc
CH
Y
Ct
C
Ct
C(
C{
Y
#+p(
Ct
*)/CH
Ct
Ct
Ct
ci
ct
CH
c(
S Ct
Y (
C(
(o
c
Ct
C
C
ct
C
Cl
e
Ct
ct
Y(
#4+p(
Cct
*)/CH{
CH
LB VAN
T
e)/CH(
(o
) /CH(
C{
«)/CH(
Ct

Tubl) el
134
14u)=(~-Cl
LuS) =i
134)
141)=(~-CH{
1uS)sc(
134)
l4d=(=-CH
134)

143)=A¢(
144)=p(
145)=a(
16)=B{
146)=A 1
147)=a¢
148)=a¢(
149 ) =A¢
171=8{
15ul)=AL
Is1)=pa10
152)==CH{
153)=A1L
1b4)=a(
18)=(-CH
18))/¢Ct
155)=(=-CH{
151)
156)=A1
157)=A ¢
158)=a(
159)=A1
Tou)=A(
161)=A¢
1621=A(
163)=a1(
19)=81
164)=A1
165)=Al
lba)=al
167 )=a1
168)=a(
169)=A
17u)=al
171)=a(
172)=a
173)=al
174)=A1
175)=«C(
2u)s(=CH
200) /¢t
176)=(A(
170)
177¥=(al
170)

l78)=(A(.

170)
179)=(Al
170)
lsul=tal
170)

tsl)=al

112)=Ct

62)1+CH
113)=Ct

62)eCH

S 114)-Ct

105)+CH

71)
72)
73)
16)Y/7CH
74)/7¢CH
75) /¢l
76)
77)
17V/7¢CHt
78)/¢H
79)=CH{
145)«CH
80)
81}
J44) =Y
151)
144)»CH

821/¢H
83) /¢t
84)
85)
86)
871!
88)
89)
19)/7CH
ul/Cl
?1)/Cl
92)/¢CH
93)/Clt
941 /¢t
95) /¢
96)~Cl
971-CH(
98)=C{
99)=-cH
roa)
163)e¢CH{
159)sY(
170)
tul)=ct

lu2)=ci
lUJ);C(
o4 =t
1us)=-ct

lué) =

118)eCH

70)~C(

IlsyscCi

71)-C{

Ligr»Cy

115)=C(

143)
143)
143)

148)

148)

144)eCt
146)

161

1477

151
i151)

- 158)

158)
158)
158)
158)
158)
158)
159)C(
160)«CH(
161)sCH
162)%CH{

164)
19)

1591Ct .

159 ) eC
159)eC
159) sC
159) #C

160)=CH

1z4)

75)sCH

125)

75)sC{

126)

118)+CH

146)

164)
164)
164)
164)

165
1661}
167)
168)
"169)

165)~CH

127)

“171)ecH

83)=-Cl

B84)~-Cl

93)s(C{

93)eCH

176)

99

100)

101)
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Ct  182)=A0 1p7)~=Ccl  161)eCl 165)«Ct 172)sCcl 176)

C [83)=a0 1uBY=Cl 1621 cl  165)=C{ 173jecl 176)

C( 184)==Cl 1749)sCl 176) '

Cl  18bl==Ct 163)sCcl }65)=C - 175)eC( 176)

Y Z1i=(=-Ct 16u)sYI 19)=Ct 171)ev 20)

*+g( 2lY)szct 181 '

Cl( 186)=(al 1G9)=Cl 16Q)eClL 1é66)=Cl 171)ectl 177)
#)/C( 181)
S C( 187)=al 110)/Ct 181)

Ct  188)=(at 111)=Ct 160)*Cl 167)=Ct 171)scl 178)
*)/C( 181)

C{ 189)=(~-Cl léulscl 168)=Cl 171)ecl 179)

«)/CL 181

C{ 19ul=(=-Cl 1é6ul*Cl 169)=Cl 171)%Ccl 180)

«)/CL 181)

Ct  191)=al 112)=Ctl 161)eCl 166)=Cl - 172)%«ct 177)
e=C( [B2)Ye(C( 186)

CtL " 192)=A0 113}

CU 193)=a( 114)=-Cl 162)+C( 166)=Cl 173)ect 177}
s=C( 1u3)eC( 18B6) )

C( 194)==C{ 1749)*C{ 177)=Cl 184)sCt 186)

Cl  195)==cl 163)eCl 1b6s)=Cl 175)8Ct 177)=cl 1851e!
Y ( 22)1=(=Cl 161)1=YL 19)=C(  172)#Y{ 20)-Cl  182)8Yy
s4+p 22Y)y/Ct 191)

Ct 196)=(Aat 115)=Ccl JB2)sC( 187)

#)/CC 191) , :

ClU  197)=(al  116)=Cl 1&61)8C( L67)=C( 172)sct 178)
s=C( [82)sC( 188)

s)/Cl 191 -
C{ 198)=(~Ccl 161)ecl 168)=Cl 172)ect 179)=-Cl 182)sC(
s)/Cct 191)

Cl  19y9)=(~Ct 1&61)*Cl 169)=Cl 172)%C( 180)=Cl 182)e({
*)/CH 191) . _

C( 20ul=al 117)=Ccl 192)ect 196)

C{ 2ul)=al 118) '

Ct  2u2)=al  119)-cl 183)+CH 187)=C(  193)1eCt 196)

Cl  2u3)==Cl 184)«Cl 187)-C( "194)*C( 196) .

Cl  2u4)==-Ccl 185)=CHl 187)=CHt 195)+CH 196)

Y( 23)=(=Ct  192)1%Y( 22)
*+p( 23))y/¢Ct 20u)

Ct  205)=at  120)/7/Ct 2u0)

Cl  2u6l={Aal 121)=Cl 192)eC( 197)

«}/C( 200) :

C( 2u7)=(=Ct 19c)12Ccl 198)

.*®)/CH 240)

C{ 2ubl=(-Ccl 192)1¢Ct 199)
#)/Ct  200) )

Ct  2u9)=al 122)-Cct 2ul)ect 2ub)
C( 21ud=A( 123)

Ct 211)=A( 124)=C( 2u2)sCcl( 2uU5)
Ct 212)==cl 2uy3)ect 205)

C( 213)V=-Ccl 2g4)sCct 205)

Y( 24)=(=C(  201)*Y( 23)

s4y( 24)1)1/CcC  209)

Ct  214)=al 125)/ct 209

C({  215)=(Al 1263=C( 20)1)+C{ 206)
«)/CL 209)

C( 216)=(-C( 201)*Ct 20p7)

«)/C(  2U9)

Cl 217)=(=C( 201)+Cl. 208)

)/C( 209) '

Ct zi1vl=al 127)=Ct  210)eCcl  214)

60

186)
21)

189)

1901}



S A % 8 £ ¥ ¥ B ® B B ¥ 5 W R ¥ ¥ ®F & B T M P R WET T TR B F R T TR W BT WET W R W W N WM W W WM T W WM W W WM T ™M W oW W

Ct  219)=a( 128) ,

Cl  2zud=A{ 129)=Cl  21lyec{ 214)
C( 221)==C{ 212)eCt 214)

Ct  222)==Ct  Zi3)1sC( 214)

Y( 25)=(=-C(  21u)eY( " 24)
s+g( 25)¥)1/¢t 218)

Ct 223)=al 130)/Ct 218)

Ci  229)=(al 13l)=Cct 2Ip)ect 215)
*)/Cl 218) _

Ct  225)=(=C( 2lul*Cct 2]6)
*«)/Ct 218) '

Cl 226)=(=Ct .21udeCcl 217}

s)/CL . 218) »

Cl  227)=a( 132)=Ct  219)sCct 223)
Cl 228)=a( 133 : -
Cl  229)=A0 134)=Ccl 220)sCt 223)
Cl  23ul==Cl . 221)%CclC 223)

C( 23ld==-ct 222)sCct 223)

Y 26)1=(=Cl 219)%Y( 25)

w+g{ 26Y)/Ct 227)

CL  2s2)=a( 13%)/Ct 227)

ClL  233)=(Al 136)=Cl 219)sC( 224)

*)/CU  227)

Cl  234)=(-C( 219)sC{ 225)
s)/ClL 227)

Cl  235)=(-Cl 219)%C( 226)
sl/Cl 227)

C{  236)=al 137)=-Cl 2z8)«Ct 232)
C{ 237)=a( 138)

ClU  238)=a( 139)=Ccl 229)=Ct 232)
ClU  239)==Cl 230)1*Cl  232)

Ct  24ul==-Cl 231)sCl 232)

Y( 27)V=(«Ctl 228)%Y1 26)
240 271y)y/7Ct 236

Cl  241)=a( 140)/Ct  236)

Ct 242)=(Aal 141)=Cl 228)e¢C( 233)
#)/CL  236)

Cl  243)=(-Ct( 228)*Cl 234)
«)/CL  236)

Cl  244)=(-C( 228)%Cl 235)
#)/CL  236) ‘

Cl  245)=pa( 142)=Cl 237)sC( 241).
ClL  246)=a( 143)=Cl 238)=Cl 241)
C( 247)==C( 239)=C( 241)

Ct -248)=-C|( 240)=CH 241)

Y 28)=(=Ct  237)*Y( 27)

45 28))/CL  245)

ClU  249)=(Aal 144)=Cl 237)1«Cl 242)
¢} /C{ 245)

C(  25u)l=(=C( 237)sCl 243)

$}/C( 245)

CU 251)=(=Ct 237)1%Ct 244)

s)/C(  245)

Ct 252)=a( 145)=Ccl 162)*Cl 167)=Ct 173)1%CH
e-Cc( 183)eC( [88)=Ccl 193)sCct 197)-C( 202)sct

s=C( 2Z2il)ec( 215%)=Cl 22p)*cCt 224)=C(  229)scCl

e=C{ 238)ecH 242 ) =t 24%6) et 249)
() 253)=-| 174)eC( 178)-CHt 189)*CH 1881=Ct

e 2uld) et 2061 =t 212)»CHt 2i15)=CH{ 221)=CHt

w=c 23U eCH 233)=-ct 239)*Cl 2421=-CH 247) et
(& 254) == 163)1eCH 167)=C(- 175)eC( 178)=Ct

s=cl 195)e( 197 )=t 204)=CH 206)=CI 213)eCl.

178)
206
233)

1941
224)
249}
185)sCH
215)

bt

197)

188)
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+=C{
«~-C{
YA{
*-C{
s=C{
#=C{’
»+8(
C
*=C{
»=C{
s=~C{
*}/CH(
cH
s ~C{
e=C{
«=C{
#)/CH(
C(
s=C{
=
e=C(
#=C
ce
s~C{
s=C(
e=C{
(|
cl
Y
#=C{
= {
s=C{
s=C{
#+p(
ct
e=C(
*=C
#=C{
*)/CH
C(
*)/CH
(O
«)/CH
cHt
s~
:-c(
®=c
s-c{
c(
C(
Yt
a—g(
+=C{
«=C{
+0(
Cq
*)/CH
cq
) /CH
c(
ctl.
cl

222YsC
248 1=t
29)=(~-C{
193{¢Y(
i20) ey
246) oY (
2911 /¢t
255)=(~CH{
193)YsC
220)«C
246 ) «C(
252)
2%6)=(=-C(
193)=C(
220«
246) s CH
252)
257 )1=a(
1521eC
j94)eC
221)e(
247 )2
253)=a(
IERE YA
213V
240)»C(
259 )==(H{
26u)==C(
3ul=(-Ct
174)=v(
2ul) ey
£30) Y (
253)rwy(
Jur)ysct
261 )=¢Al
194)eC
221V
2497 )=t
257)
262)=(~Ct
257)
263)1=(~-C|(
257)
264)=p(
185)sC(
213)scH
2490)»C(
258)eC(
265)==CH{
266)==C{
Jl)=(=-¢(
195V ey {
222) %Y {
248)sY(
31))s¢Ct
267)=(=C(
264)
268)=(=CH{
264)
269)=a ¢
27u)=al
271)=al

224)~-Cl
249)
162)+Y
22)-CH
251~=C
28)
252)
162)+CH
198)=CH
225)1-CH
250)

162)*CH
199)=CH
226)~Ct
251) ‘

146)-CH
155)=C(
198)=~Cl
225)=cl
2503 -C
47)~-ct
189)=CH
216)=-ct
243)~cCl
153)eCH
154)sC(
145) =Y ¢
20)-CHt
S 231=Ct
26)=CH
29)
257)
148)~CH{
1991 -t
226)1-Cl
251 )=-CHt

—

152)sCH

152)1+CH

J49)=C
1901} =
217)=ct
244)1=C(
261)
259)*C(
26U)»CH

1631wy {
22)~CH
25) =l
28)=-Cl
264)

258)eC(

258)eCH(

150)
151)
152)

231)1%C ¢

191-CH
202)+Y 1
2291 Y (

168)=CH{
202)12CH
2291+C1

169)=Ct(
202)+CH
229)%CH.

145)sCH
174)sCH(
203)+C
230)#C(
253)#cClt
[163)#Cl
195)8CH
222)eCH
248 ) »CH
154%)
155)
16)1=Ct
1By )»y
212)eY(
239)eY(

174)«CH
203)=Ct
230)*CH
253)sC(

158)
157)

163)»C|(
195)=CH(
2221t
298)1%C(

261)
261)
191=-Ct
204) =Y (
23101074
254)8Y(

262)

263)

233)-CH

17312y (
23)=CHt
26)-CH

173)eCH
207)=C(
234)=CH

173) ¢
208) =
235)=C |

P

147)=C(

179y =-C

207)1-Ct.
234)=CH
255)

168)-Ct
198)=C
225)-C

C 2500 =C(

149) ey (
21)=CH(
24) =
27)1-C(

180)-C(
2u8)-Ct
235)=CH(
256)

169)-CH¢
199)-CH
226)-CH
251 ) =Ct

175) %y {(
23)-C!(
26)=CH
291-Ct

24y eclt

20)=CH(
211)»YL
238) Y

179)=-Ct
211)CH(
238)eCl

180)~CH(
211)1=Cl
23s)eC

149)»C(
184) =l
212)sCH
239)eCH

175) %
204)=Cl
231)#CHt
254)«C

17)=CHt
194)=v(
221) ¥l
247)1=7

184)#C
212)eCl
239)xCl

175)%c(

2041+t
231)=CH
254)sCH

20)=ct
213)ev(
24u) e Y
2581 Y (

242)

183)sY(
24)
27)

183)=C{
216)
243)

183)1eC{
217)
244)

150)
169)
216)
243)

179)
2067)
234)
255)

152)sY 4
22)
25)
28)

190)
217)
244)

180)
208)
235)
256)

18L) %Y (
24)
27)
30)

62

189)

190)

18)

21)
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C 272)=4a(
Ct . 273)=a(
Ct 274)=A(
Y 32)=p(
(o} 279 )=A1
ct 276)=A1
C{ 277)=al
Ct 278) =4
C( 279)=A(
Cq 28u)=al(
ci 281 )=a(
C( 282)1=A1
(W} 283 )=41(
c( 284)=a(
C(  285)=al
(&} 286)==-( 1
Y "33k=(-C(
#+p{ 331)/¢Ht
Cl 287)=(al
«)/CH( 281)

ct 288)=(A(
#)/CH( 281)

Ct 24892 )=(A(
*)/CH( 281)

c( 27Ul =(Al
*)/C( 281)

(o 291)=(Al
*)/CH( 281)

c( 292)1=Al
ct 293)=A(
(o 294)=A(
ct 295)==({
(&N 296)==(C{
Y ( 34)=(=-CH{
«+0( RER BRI
Cq 29/7)=(A\
) /CH{ 292)

Ct 298)=A¢
Ct 299)y=(A(
) /C(, 292)

c( Juul=(-Cl
) /CH 292)

Cl Jul)=(=-Clt
*)/CH{ 292)

ct Ju2)=Aal
*=C( PARBE Yol
C{ 3u3d)=al
c( Jvdl=al
= 294)+C(
ct Jub)==C(
c( Juel=-(|{
Y 35)=(=~-C
«+p( 35))/CHt
cq 307)¥=(Al
I"‘)/C( 302)

ct Jul=(al
s=CH 293)=Ct
*)/CH 302)

Cd 3u?)I=(-C|{
) /CH Ju2)

ct Jlult=(~-C(
#)/CH 302) -

153)
154)
155)
32)s¢t 269)
156)/7CH 269)
157) /¢t 269)
158)/C¢ 269)
159)/7Ct 269)
16Ul /Ct . 269)
161)1/7¢CH 269)
162)-CH( 270)=C
163)=-C 271 )
164)=~C 272)tC(.
165)=-C( 273)=C
166)
274)«CH 27%)
27u)*Y { 32)
281)
167)=Ccl  27p)1=C{
168)-CH{ 27D) «CH
169)=Cl 270)+CH
17G6)-CH 270)«CH
171)~CH{ 270)1+CH(
172)=-C( 271)eCt
173)=Cl 272)+CH
174)~-C 273)CH
285)+C( 287)
2749)»CH 276)=CH{
271)eY( 32)=CH
292)
175)=CH 271)18CH
176)/7¢CHt 292)
177)=CH( 271)sCH
271)«CH 279)=C|
271)1+CH{ 280)=CH
178)1~CH( 272)e(C(
297)
179)
18u)=-ct 273)+C
297)
285)sCt  288)-Cl
274)eCt 277)-CHt
272)%Y( 32~
302)
181)=Cl  293)1%C(
i82)=-Ct 272)sCH
299} ’
272)#CH( 279)=Ct
27¢)+CH 280)~CI

275)
275)
275%)
275)

276)
277)
278)
279)

28U)

276)=CH(
276)=CH{
2786)=C

286)%C{(
2821 #+Y(

277)=Ct

278)~CH
282)»C(
282) |

277)=CH{

277)1=CH
295 )% ¢
286)%C ¢
283)»Y{(
298)

278)=CH

2831l

2831+l
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297)
34)

300)

301)
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CH
Ct
c(
ct
ct
Y
s+ (
ct
C

»)/CH

C(

»)/CH(

Cf

*)/CH

Ct
ct
o}
ct
Cl
Y

!+Bv(
o

N

) /C(

C

311)=A( 183)-C( 303)sCt 307)
312)=A0" 184) ,
313)=A(0  185)-C(  294)sC(  298)=C( 3ud)sect
3i4dl==cl 295)1#C( 298)-C( 3uS)*C( 307)
315)==C( 296)%Cl 298)=-C( 306)*C( 307)
36)=(=Cl 303)*Y( 35)
36¥)/¢t 3110
316)=A¢ 186)/CC 311)
317)=(al  187)-Cc( 303)eCt 30G8)
311) ' :
3l8l=(~-C( 303)=eCl 309)
31
31yi=(=~C( 303)*C( 310)
311
3Zul=Al 188)=Cl 312)%Cl 316)
321)=a(  189)

S 322)=Al  190)-Cl 313)sC( 31l6)
"323)=-Cl  314)sCl  316)

324)==C( 315)1sCl 316}
37)=(=Cl  3121*Y( 36)
37))y/Ct 320) ‘
325)=aC 191)/CU 3209
326)=(A0  192)=-C( 312)sCC 317)
3200 : .
327)=(-Ct 312)*Cc( 318)

s)/Ct 320

ct

=) /C|(

ctl
c(
ct
ct
(o
Y
s+p(
(o
ct

#)/CH

ct

s)/CH

cq

«)/CH(

Ct
cl
cH
ct
C
Y

w4+ p(

Ct
Cl

$)/CH

clt

«)/CH{

Cct

) /ci

ct
Cit
c(

e’

Cu
Y(

JeBr=(=CH 31z2)sCH 3J19)
320)
329)=al 193)~CH 321)=CH 32%9)
J3ul=al [94) )
331)=al 195)=-C( 322)eCl 325)
332)=-¢t 323)eC( .32%)
333)=- 3249 )#C( 325)
Jel=(-Ct 321)#Y( 37)
38)Y)/ClH 329}
334)=al 196)/7CH 329
335)=(al 197)1=-Cl 321)eC 326)

329)

33e6l=(=-Cl 321)sCl 327)
329)

337)=(~-CH 321)*CcC  328)
329)

338)=A(. 198)=C{ 330)sC( 334)
339 =a0  199)
34u)=al  2p0)=Cct  331)*C(  334)
341)==C( 332)sC{ 334)

342)=~=Cl  333)sC( 334)

39)=(=-C( 33u)*Y(  38)

39)yr/7Cct 333)

343)=a0 2pld/Ct 338)
344)=(A( 2p2)=cl 33p)ec( 335)

338)

34bls(=cl 33uyldecl 334)
338)

346)=(=C( 33uyl*c(. 337)
Jig)

347 =pa( 2u3)=Cctl 339%)ec( 343)

348)=A( 2u4)

349)=al  2US5)~-C{ 340)=Cc( 343)

3buld==Cl 341)eCcl . 343)

ALidI==C(  342)+Cl  343)
4ul=(=Cl 339)sY( 39)

307)

64
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4B 40U )/CH
Cl 352)=al
Ct  353)=(aAl
¢)/CL 347

Cl{  354)=(~-CH
#)/CL  347)

Ct AbLi=(=C(
*)/CL  347)

Ct  356)=a(
Ct  357)=a(
€t 358)=-C{
Ct 359)==Ct
Y ( 4il=(=-Cl
e+y(
Ct Joul=(Al
«)/CL 356)

C( Asli=(=-Ct
«)/CH 356

Cl 362)=(=CH
) /CH 3156)

C( 363)1=h¢
s=Cl 294)»C
= 322)eCH{
s~C{ 3492)aCH

C( 364)=-C(
s=C 314)=
e=C{ ~34)1)sC|(

Cc 365)==((
w=C JubleCl
s=C 333
w=C RN AR Y|

Y 42)1=(~C{
#=C{  3ud)sv(
s=C{ 331)eyld
*=C( 357 )wy(
s+ 42)) /¢t

cH 3661z (=CH
s~C( dud)drect
#=Cl 331)rscCl|
= 357 )+CH
) /CH( 363)

Ct 367)=(=Cl
»=C( Jud)sc
*=C 331)ec
s=Cl- 357)»(Ht
*»)/CH 363)

Ct Je8l=a(
Ll ol ¢ 63) = (
»=C Tub) =l
s=C{ 163)=C(
#=C{ 285)«Cl
s=Cl  314)sct
*~c( 341 )e
s=Cl  364)sCH
Ccl 369)=a(
€«=CH Lu7)scl
2-ct 1954)eC
s=cl Z74%9)e
s~ Jub)eci
s~ct 3331
#=-C{ 359)eCt

i J7ul==CH

a1))/¢t

347)
206) /¢t
207)=CHt

339)sCH
337)1+CH

208)=Ct
2091 -t
350)«Cl
351 )*CH(
34y8)ey(
356)
210)=-Cl

Jq4recCt
348)»CH

2i1)-ct
299)=CH{
326)-Ct
353)=Cl
285)eCI
317)-cd
344 =C(
274)#Cl
308)-Cl
335)-Cl
360)
273) Y (
35)=C
38)-cl
41)
363)
273)%Ct
3u9)=-Cl
336)-Cl
361)

2731=CH
3100~
337)~-cl
362)

212)=ct .
69)=Clt
1121-Ct
156)-Ct "
2901 -Cl
318)1=Cct’
345)=c

366)
213)=-cH
112)=CH
156)=Cl
279)-Ct
3091=c(
3361=C
361)=Ct
brecl

347)
339)»CH

345)
345)

348)eC
349)«CH(
3521
1352)
40)

348)+CH
3vy)
355)

273)«C(
304)sCt
3311=CH
357)1eCH(
289)=CH
323)sCH
3501 #CI(
278)~Ct
3ls)=cCy
342)%CH

3zi=ct
313)#Y(
34001 %YL

279)=-c(
313)eCH
34p) «CH

280)=CH
313)sCt
34p) «CH

5)sc
76)sCH
119)#C(
259)=CH
295)1*CH
323)sCl
35u) =i

77)1CH
120)sCi
260)1+CH
286)%C(
31n)#CH
3429 sCt
365)#CH
13)1=-CH(

344) ..

352)
352)

353)

278)=C{
3uB)-CH
335)-CH
360)
295)»C(
326)~¢
353)=-CH
286)*»( (
317)=CH{
344)y=C(

284 ) *y(

36)-C¢
39)=-Cl

284) *CH

3i8)-c(~

345) =

284 ) %c(
319)-C
346)=C

13)=CH{

821=Ct
l24)-C(
262)=CH
- 300)~-CH{
327)=-Ct
354)=C

82)=-C(
1249) = (
262)=(C|
290)=C(
3i8)~-CH
345)=¢{
366)
221 (

284 )#
313)»CH
J4y) =Ct

299)=-CH
3321«
3b8)«C
289)=Cl
324)sCH
351 )eCHt

33)=Cl
322)1sY¢(
349) ey

290)=Cl
322)sC |
349)sCH

291)=Clt
322)1CH
349)eCl

21)+(C(
94)eCH(
135)eCH
265)sC
305)=CH
332)sCH
358)eCtl.

95 ) et

136)eCt

266)sCl
296019t
324)eC|
3511t

28)=C(
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' 289)

317)
344)

305) +C
335)
"360)
296)1*CH
326)
353)

308)

299)

2949) %Y (
37)
40)

34)

294)C
327)
354)

3ou)

294) % (
328)
355)

'301).

28)
99)
139)
267)
309)
336)
361)

99)
139)
267)
300)
3271
LI

b4)ect.  69)
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s
*=C(
ce
Yi
=
»=C{
s=C{
= {
s=C{
LT

Tw+g(

Ct
»=C

n-c(_

a~-C{
e=C
w=C(
s=c
e~
) /CH(
oy
s=C{-
= {
*)/CH
cH
*)/C(
C{
LA
w~C{
a=C{
«=C{
e=C{
s=C(
cf
#=C{
Lol |
ct
w=c{
Y
=
a-c(
#=C{
= (
=
s=c{
s+p(
ct
e=C{
) /CH
Ci
o=C{
*)/CH
Ct
»=C{
*=C
=
c(
s~C|
cq
C
Y
»=C{

_78) et
121)aC(
J71)==Cl
43)=(-C
76) ey (
119)=Y ¢
£59)eY L
295 )=y (
323 ¥ (
350)#Y1(
43))1/CH
372¥=(Al
63 »( !
lub)eC
153)sC ¢
285 ) =CH
314)=C
341)eC
364) s
368)
373)=(~-C
76)sC
119)eCt
368)
374)=(~C(
368)
37b)=a(
Tu7dYeC
154) =
274)s
Jub) =t
333 )
2359 ) e
376)==C{
78) %
121) =
377)==-C|
371)eCt
44)=(=Ct
120) sy (
260)eY(
286 ) %Y (
315)*v(
342)=y{
3658y
44)) /¢t
a7zg)=(=-ct
120) et
375)
379)=(=CH{
369)
375)
38ul=Al
64)»CH
1uB8leC
370)sC |
Jgidl=Al
138)s(C
382)=a(
383)z=Al
45)=(~-Cl
781t

—

g2)=-C(
124)-CH
1U9) =C(
S)sY(
9)1-Cl
13)=-Cl
Jor=-c
3q4)-ct
A7)-Cl
40)-CHt
368)
2i4)=-Ct
70)-Cl
113)=CH
157)=CH{
2911-Cl
319)r=-Ct
346)=Cl
367)

HleCl
84)-cl
126)=CH

100 *CH

215) -
1i31=ct
157)-C(
28G) =t
310)=-ct
337)=cl
362)=ClI

6)w(C(
83)=cl
125)=c(
109)eCH
372)
771y
13)-ct
30) =c
33)=ct
36) -l
391-ct
42)=Cl
375)
7718t
1261=Ct

107)*CHt
374)

2161
71)=-ct
1141-ct
373)=C(
217)-Ct
1491)=Ct
218)
2i9)
61 ey
91-Cl

96)4CH
137)+C
112)~ct
1) -c(
94y
135)eY¢(
265) Y (
305)eY(
332)Y¢
358) Y (

5)eCH{
76)%CH
119)ect
259)%C(
295)%C(
323)%CH
350)sCt

151=¢H{
F4)eC
135)»CH

b15)=CH

77)1%CH
120)eClt
2601 %C
286)2CH
315)eCH
342)eCt
365)eCH(
l4y=ct
96)%CH
137)+CH
113)-cl

9)=CH
1361%Y ¢
26601%Y ¢
29618 (
324) %Y ¢
351)8Y ¢
369)eY

84)=Ct(-

136)=Cl

1Sy =C(

EIRIA

78)Y+CHt
121)sCH
3761 2CH
1U9)eC

371)eCH

1) ~CY
F6)¢YH{

99)=C(
139)
122)s ¢
21)eY1
L1)y=Cit
15)=CH
3t)-ct
35)=C(
38)=-CH
41)=-¢t

l4)=-CHt

83)-Ct
125)~CH
263)~C|(
3=t
328)=C1
355)-Ct

21)ec
101 =CH
141)

119)*C(

83)-C(
125)~ct
263)=CH¢
291)1=CH
319)=ct
346)=CH
367 )=
22)*C
Lgur=cit
140)-¢Ct

122y«

95) %y (
15)-cH
3n-ct
34)=-¢(
37 -c !
4G)=CI
43)

95)*CH
P41) =

120)eCt

15)=-ct .
84)=Ct
126)1-Ct
378)
114)=CH
373)=Ct

22)ey(
11)y=cHo

f0g)eCH

124)=-Cl
21=Cl
106) Y
153)#Y7(
285 ) »Y(
314)ex(
341)ex
364)avxl

21)sCt

?4)1eCH
135)=C!(
265)eC(
30%)sCt
332)eCl
358)1eC

3g)=-cl
106)sCH(

127)-CH

?5)«
136)sCt
266)eCl
296) el
324)eCH
351)ect
3691«
29)=-¢(
[08)»ct
370 e
125)=Cl

11)=-ct
154) eyl
274)s Y (
306)eY
3331aY{
359) sy

1gl)=-Ct
369)«C |

127)-Cl
22)sC(

96)eC
137)+CH
122)+C!

377)eCH

2)y=-Cclt
108)eY

112)

138)e«Cl
63)eY |
12)

18)

33)

36}

391

42)

29)
100
140)
268)
310)
3371
362)

63)»C(
1149)

135)1eC

100)
140)
268)
Jul)
328)
355)
372)

t4) =t
113)
372)
138)=ct

107) Yy
18)
32)
35)
38)
41)

S 107)ecd

373)
136)=C(

30)

lul)
141)

126)

378)

64)eY (
12)

66

139)
8)

71)

142)

70)

140)

1¢)

114)

142)

8)
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s=-Cl 1210wy 13)=-Ct 137171 15)=-CH J7ul eyl 43)
s=-Cl 376 uxt 44)

s+ ( 451 )/7CH 38u) .

Cle  3g4)=(Al 220)=Ct 108)CH P15)=CH 121)eCt 127)

e=Cl 137)#Cl 142)=Cl 37D)*C( 374)=C( 376)eCt 379)

»)/C( 380)

C( 385)=pa( 221)/7Cct 380)

cl{ 3s6)=al 222)=-Cl 1u9)ecl 115)=Cl 122)sct 127)
s=Cl  ]138)ecl 142)=Cl 371)1#CC 374)=Cl 377)eCct 379)
w~Cl  38l)ecl  384)

C( 387)=A( 223)~=Cl 382)»Cl 384)

C( 388)=a( 224)=Ccl 383)eCcl 384)

Y( 4aldl=(~Cl 109)*Y( 12)=Ct 122)%Y¢ 13)=Ct  13s)eY|
s=Cl 371)ex( 43)-Cl  377)+Y(  44)=C( 381)»YI 45)
4+ ( 46))/CL  386)

C{ 38%9)=a( 225)/C( 386)

Cl 39ul=(=C{ 38))ecl 385)
s)/Cl  3864)

C( 391)=A( 226)=-Cl 387)sC( 389)

Cl  392)=a( 227)=C{ 38B)sCcl 389)

Ct  393)=a( 228) :

Cl  394)=a( 229)

ClU  395%)=A( 230)

Y« 47)=(-C( 382)ey{ 45)~C( 387) ey 46)
s+ ( 47))/Cct  391)

Cl 396)=(Al 231)=-Ct 38B2)sC( 385)=C( 387)sCl 390)
#)/CL  391)

Ct  397)=at 232)/¢ct 391

Ct 398)=a( 233)/cl 391)

Cl 399)=al 234)/Cc( 391

C( Huuld=al 235)=-Cclt 383)eCc( 385)=C( 388)sc( 370)
«=C{ 3v2)sCH 396) :

Cl Hul)=al 236)=Cl 393)eCl 396)

ClU  402)=A( 237)=cl 394)sc( 396)

Cl 4u3d)=a( 238)-cl 395)sCct 396)

Y 48)=(=-C( 383)aYl 45)=C(. 388)eY( 46)=Cl 392)eY(
s+8( 48))/Ct  40u)

Cl  4u4)=(Al 239)=Cl 392)eCct 397)

«)/C(  400) '

C{ 4ubS)=(Aa( 2401=-Cl 3921ec{ 398)

»)/CL  400)

Cl Hub)=(Aal 241)=Cl{ 392)*C{ 399)

s)/C( 400)

CU  4U7)=a( 242)=Cct 393)«C( "397)=C{ 4ul)*»Ct 40%)

Cl  4uBl=p( 243)=C( 394)sct  397)=-Cl 4u2)ect H04)

Cl  4u9)i=atl  244)=Cc(  395)*+C( 397)-C( 4u3)ectl 404)

Y ( 49)=(=~Cl 393)+Y( 47)=Ct  4U01)ev 48)

40 ( 49))/CL 407

Cl 41ud=(al 245)=Ccl 393)*C( 398)=-C( 401)+Cl 4U5)
*)/CL 407

C{ 411)=Aa( 246)/Ct 407)

Ct  412)=(Al 247)=Cl  393)*C( 399)=C( 40})«C( H4U0s)
s)/C{ 407

CO 413)=A( 248)=C( 394)eC( 398)=C( 4y2)ecl 405)
*=C{  4uBlecl 410) '

Cl  414)=a( 249) »

Cl  41b)=Al 250)=Ct 395)«Cl 398)=C{ 4ul)scl 405)
»-C Hu?) et 410) :

Y ( Sul=s(=Cl  394)%Y( 47)=C{  4u2)eY( 48)=Cl 408)#Y(
s+ ( 50))/Cct 413) ‘

Cle  416)=(al  251)=C{ 408)sC( 411)

*)/CL 413) '
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15)

47)

49)
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C 4ipZd¥=(al 252)«CH 394)«CH{
#=Cl 4uB)e(Cl 412) .
*)/CH 413)

CH 418)=p{ 253)1=-¢t HIQ)QC(

Ci 419)=a 254) )

Cl 42ul=al 255)~C( 4U9)r sl

YA S1y=(~-CH 414)Y( 50)

S e 51))/¢t 418)

(o 421)=at 256)/C( 418)

Cl  422)=(Al 257)=C( 414)sC(
*)/CH{ 418) .

C({ 423)=a( 258)=-Cl 419)scCl

C( 424)=a( 259)

Cl  425)=A( 260)=-Cl 420)sct

Y 2)=(-C| 419)8Y({ 51)
«+( 52))1/7c¢t 423)
Ct 426)=A1 2611/CH 423)

CH{ 427)= (Al 262)=C( H19)eCH(
) /CI( 423)

C HeB)=pa( 263)=Cl  424)s(C(

Ct 429 )=A( 264)

ClU  43u)=Aa( 265)-C( 425)sCl|

Y 53)=(=Cl 4249 )Y ( 52)
s+5( 531)/cCH 428)
Ct 431)=nt 266)/7CH 428)

Ccl 432)1=(aAl 267)-CH 424)%C{
*)/C(. 428)

Cq 433)=a1( 268)-Cl 429)+C(
ct 434)=A1 269) C

Ci 435)=al 27u)=Clt 430)eCH

YU 54)=(=Cl  429)%Y(  53)
s4B( SH4))/CT 433)
Ct 436)=p( 271)/Cl  433)

Cl 437)=(aAl 2721-CH 429)«CHt
*)/C( 433)

Ce. 438)=a( 273)=Cl 434)»Ct
(o 439)=p1 274)

Cl 4qul=a( 275)-CH 435)+Cl

Yi 55)=(-CH 434)eY( 54}
#+p( 55)1/CH 438)
(o} 4491)=a( 276)/7cCH 438)

(o 4492)=(al 277)y=cCl 434)eCH
) /C( 438)

Ci H43) =4t 278)-CH 439)C(
Cct 444 )=p( 279)~-Ct 440)+Ct

Y( S56)=(-CH 4391%Y( 55)
e+l S6))/CHt 443)

Cl  445%)=(al 280)=Cl 439)eC(
*)/CH 443) )

Cl  446)=p( 281)~-cl 395)=Cl
e=c( Ju9)rscdt 412)-Ct 415) =C(
«=C{ 425)scl 427)=-cCH 43pgdrecCt
#+=Cl  44U)ecl  442)=Cl 444)»cC{

Yt S7)1=(=cl 395)»Y( 47 )=t
sxcl  415)exd 50)=Cct 420)Y({
s=cl 430)s¥y({ S3)=Cl - 435)»Y(
#=Cl  444)av( 56)
s+p 57)11/Cl  440)

X { S71=Y( 57)

Xt . bél=y( 56) - 445) # x(

X L) =y ( 55) -l 442)»x{

s-C{ 441 ) ex ( 56)

CAHI) =

399)-CH 4021 «CH

416)

415) ¢

417)

421)

L 421)

422)
426)

426)

427)
431)

431)

432)
434)

434)

437)

441)
441)

442)

399) - ¢

THYT7y=C
432)=¢CH
445)
HU3) ey (
51)=¢t
54)=-¢H(

qu3)#Cl
420)ect
435)ec

H25) eY
440) =Y (

57)
57)

48) =t

68
q06)

416)

406)
422)
437)

409)eY ( 491
52)
55)
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X{
s=C(
X{
»=C
X {
*=C|{
XA
s=C(
X{
LT
X (
s=C{
X{
s~
X (
=
XA{
w=C{
XA{
a=C{
X (
e=C{
X ¢
*=C{(

COXd

s=C(
X (
. ~-C(
X{
s
X(
= {
X{
*e=c(
XA
s=C|
X(
s=C{
X
e~
X(
e=C{
e=C{
X{
LTl
e=C{
X {
L el O

*=C ("

X

.._c'(

X(
= {
X
exCl
XA(
a~c{
X(
s~
X(
«=C(
' §

L)=y{
436)»x(
53)1=v(
431 ) ex(
521=Y(
426) »x ¢
S1l=y(
421 )Y#=x(
Sul=yl
416)»x
49)=y(
411)exi
48) =Y (
4ub ) x(
47)=Y(
398)sx(
4o ) =Y ¢
389)ext
45 )=y (.
Joh) e xd
44)=y(
378)s x|
43)=Y(
373)»X(
42)=y(
J6b6)ex(
41)=Y(
Jb6l1)ex(
4yl =Y (
354)ex ¢
3?2)=Y1(
345 ) ax ¢
3g)l=y(
336)%x(
37)=Y(
327)ex
36)1=Y(
318)ex(
3bl=yY(
Ju?) e x i
34)=y(
3ub)ex(
297 ) %x(
33)=Y{(
290) s xH
287 ) x|
32)=Y{
279 ) X (
276)=x(
J1)=y(
2o7)ex |
Jul=v(
262)#x 1
29)=Y1{
255 ) wx{

T28)=y(

2bU) ex(
27)1=Y1¢
243)ax(
26)=Y(
Z234)#x(
25)=Y(

54)~-CH
55)
53)=-CH
54)
52)-Ct
531
51)=Cl
52)
530)=CH
51)
49)=Cl
51i1=Ct
48)-CH
50)1-Cl
47)=-ct
501 ~-CH
461 =Cl
47

45)=Ct -

46)
44)~-CH(
45)
43)=CH(
45)=-CH
421=-Ct
43)
41)-¢t
43)-C(
4g) -l
43)=CHt
39)=-ct
43)-Cl
38)1-C(
43)=-CH
37)1=Ct
43)-Ct
36)-CH
43)-cl
35)=C(
43)=ct
3g) -l
43)=-Ct
35)
33)=-¢t
43)=-cl
34)
32)-Ct
43)=CH
34)=-CH
31)1-Ct
43)
3y) -t
43)=CI
29)1=CH
30)
28) =t
300 -t
27)-CH
3001~
26)-cl
30)-ct
25)=-¢ ¢

437)#x(

4321+ ¢

427 )ext

422)+x{
417)ext
412)exi

410) #X(
Hub) = x|

404)«X1{.

397)#x(
397)Xx{
39U)#+x !
385)ex(
379) Xt
374)#x(
372)«X(
367)sxt

362)ex(

dJ6u) eX{ -

355) ¢
353 )X (
346)ex(
JHy )y =X {
337)»x ¢
335) 8 x(
3z28)sx{
326) %X (
317Xt
317)»Xx¢
310)#»x(
308) =X ¢
301 )Xt
299 ) «x{

291)ex(
289 )X (

280)«Xx(
278) Xt
275) %X ¢

268)ex(

263)«x !
26 ) ex¢
256 )5 % (

251 )= xt
2499 ) e X (

244y e x(

2421 e X
235)ex(

233)#X(
226)sx(

57)
57)

57)
5u)
57)
49)
57)
49) =0t
48)

_48)

46)

46 )
49)
44)

44)
42)
44)
42)1-ct
44)
42)=C
44 )
42) =
44)
42)-cH
44,
42)=Ct
44 )
42)=C
44)
42)-clt

44)
42)=¢l

44)
42)=Ct
33)

44)

44)
31)
31)

31)
29)
31)
291=CHt
3t)
29)=Ct
31)

396)#X(

352)sx(
343) Xt
334)exl
325) e xt
316X
307)eX(

298)exl(
288)ex(

277) %X

241 ) eX(

232)eXxl

48)

41)
401
391}
38)
37)
36)

36}

35)

351

28).

27)

69



- w wm m w w W W

- x ® WM WM W W™ w W™ W

s=C
X(
s=C{
XA{
s=C(
X{(
#=CH{
X{

&-C(‘
»=C(.
X

s |
*=C(
X
s=C(
s=C{
X{
»=C{
X(
X
«=C(
X
e=C
X

s~C{

*=C(
XA(
L}
e=
X {
«-C(
e=C
X
e~
s=C{
X
2=
X (
i—(_(
«=cC(
x{
*'C(
e
Xt
s-C{
X

*=C

X
.=
X(
X
»=C{
X{
s=C
l:c(
- (
X{
i-vc(
»=C
s~C{

225V ax(
24)=((
216)eX(
23)=Y(
Zu7)sxl
22)=Y(
198B)sx ¢
21)=Y(
189)Yex(
1B6) » x(
2ul=Y(
179)%x(
176) %X (
19)=Y(
168)=x(
fob)ex{
18)=v(
156)ex(
17)=Y(
)=y (
146) % x (
15)=Y(
141 )= X (
14)=Y(
132Ye
129) 9 X% (
13)=Yv(
12b6)»x(
1231#X(
12)=v1{
Lid)r=xt
Fid)ex(
fi)=vl
TuO) e x it
97)ex(
lur=y{
B7)ex(
Fr=v
31 #xt
s0) % x(
8)=y(
JU)ex(
67 ) wx{
7Vy=Y{
Loy (
6)=Y(
S51)ext
5)=Yv{(
44 ) e x(
4)=Y(
3=y ¢
34)ext
2)=Y({
29)ex
26) e x|
23)wx(
1=y
14) e X (
L) exd
8)»xl

WRITE(6540)
40 FORMAT(5X,*THE SOLUTIONS OF EQUATIONS

30)«-CHt
24)-Ct
30)=-CHt
23)=-CHt
3u)-cl
22)Y=CH{
30)-ct
21)=CH
30)-Ct
22)
20) =
30)-Ct
21)
19)=-C(
30)-CH
21)y=-CHt
18)=CH
43)~-CHt
17)V=ct
L6)=CH
181}
15)=-Cl
45)=-Ct
14)=C(
45)=c
15)
13)=-C(
45)-CH
15)
12)=-CH
45 )=CH(
15)-Ct
Li)=-ct
44)~-CH(
12}
10)=-CHt
11
?)=-CH
44 )=
12)-Ct
8)=Ct
44)-ct
[2)=-¢lt
7)1 =-Ct
12)=cl
6)=-C
i2)~-ct
5)=~CH
12)~-Ct
4)=-Ct
3)-Ct
4)
2)=CHt
44)-cl
12)=-CHt
. 8)
1)=-cHt
44)~-Ct
12)-CHt
8)=-CH

224)* X {(
217 )0t

215)+x{(
2U8) wx{

206)«X{
1998 x{

127)ex(
190)%x¢( -
188)e¢X(

180)#X(
1781 X {

169)»x 1
167)8X(
164)#X(

157)1ex( .

155) #Xx(
150)ex(
147 )X (

142)=x1(
140 =X {
133)«X(

131)aX( "

127)ex (.
125) %X (

115)ex¢(

113)=X(
1) #XH(

11Ul ) ex(
79) %X (

68) xx(

B4)1ex(

B2)%X(
79)%X(
71)yaxd¢
69 ) =X {
bb6)eX |
57 )#xd
55)ax(
L2)2x¢{
50)#x¢(
45) # x (

43)#X 0

38)exi
35)ex(

30)ext
28)eX{
25)eX(

15)ex(

13)exi

1o)y»xt
7)1%X{(

29)=CH(
31)
29)=CH
i)
29)=C|
31)
291=CHt
31)
29)~Cl

31)
29)-CHt

3
29)1=CH{
2U)

44)

30)
3u)

w

461
44)=CH

46)
44)=CH{

461}
44)=-Cit

46)
44 ) -
13)
45)
43)-ct

12)

45}
43)-Ct
1)

45)
43)=-Ct
Lh)y=ct

46)

1)

46)
Li)=Cd

46)
11)=-Ct

14)

14)

4s)
43)=cHt
1) =ct

44%)
H3)-CH(
)=t

2)

223) %X
214)ex
205) #X ¢
196)ex

187)sXH{

1771 X1

166) =X (

139)=X{

130) =X (

124) X

112)exd

798) « X

81)eX|{

68) =Xl
65) s X

49)«X (.

42)=Xx(
27) X H{
24) =X (

12)»Xx(
9)ex |

AX = B

26)

Z5)

24)

23)

23) -

22)

22)

43)

431

43)

43)

15)

15)

15)
?)

7)

6)

15)
)

v/ / /7))
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[ R

?9

2u
30

DO 3L I1=), 57
WRITE(64,20) 1,x(1)
FORMATUROX " X(?y15,")
CONTIwWUE

GO TO 5

END

'SI1PELI4.7)
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SAMPLE QUTPUT
FROM PROGRAM RESULT

72




THE SO0LUTIONS OF EQUATIONS:

Xt
X
XA
X (
X (
X (
x
X ¢
X(
X
X
Xq
-X
Xt
X {
XA{
X
X (
X
X
X(
X{(
Xt
X(
X(
X1
X {
Xt
Xt
X{
X
X
XA{
XA(
XA(
X (
X(
X
Xt
Xt
X(
X(
X
XA{

X (
X
XA
CX A
X(
X (
X
Xt
X
X
Xt
X (
XA(

1= leuvOUCULLL+UD
2)= J.0UL0uOU+LO
3)= S$.000L0LUUHLO
4)= =-7,0000u0U0+00
5)= 9.0000000L+00
6)= 2.000000u+0O
7)==  4,0006000uU+00
8)= 6.00uU000Cu+00
?)= =-8.0000uUCGU+00
10)= {.0000GC0L+UI
11)= S.000000u+UO0
12)= 130UL00LU+OL
13)=  2.,1000000+01
14)= 2.9000000L+01
15)2 - -7.0060000+00
16)= 1+10ubuUbUL+UL]
17)=  1.500000u+01
18)= 1.20000G0U+0O1
19)=  2.5000u0u+01

20)= 8.00u0uLGu+00
21)= 2.90060uU0U+UI
22)= 1+3000uLLU+OI

23)= =] .00000UL+UIL
24)= 4.70u000U+01
25)= 1.30U0ULCU+UI
26)= 8.000L00DLU+LD
27)= =1410000LUUTGLE
28)= 5H.0000060u+U0
29)= =7.0000u0u+u00
300 = 1300000U+01
3l)= 8.00U0CLLU+TUD
32)= =1.7000uU0u+01
33)= 2.8000uGu+0l
34) = 160000L0LU+UI
35)=  9.00U000u+00

36)= l.700L0OULOU+TUY
37)= -5.40u0Qubu+Ul
38)= ~4,u0ubduOL+0O0
39)1=  3.4000000+01
40)= =}1+300000u+01

41)= 4.600000ut01
42)= 8.000000U+00
43)= 1.700U0uGL+U1
44)= =]42000ulu+U1l

45)="  1.00G00ULG+OL
446)y= 5.300000u+U1
47)= =3.8LulvLU*UI
48)= 2.3000L0DU+0I
49)= ~-46.0D00L0U+LO
50)= 1.4000UBU+01
51)= =1.70ubuBbL+UL
52)= 3.0ULOOULL+O0D
53)= -3.0000U0L+0LO
54)= =-].600000U+01
55)= 9.,00U00Gu+00
56)= 7.0000L0U+0O
57)® 6.U0LOLLU+GO

AX

f
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PROGRAM 2

SOURC1



0101:
o102:
D103:
0104:
0105:
D106 1
0107:
o110:
0111:
o112: 10
0113:
0l14:
0115:

. 01162

o117
01202
o121:
0122° 20

01232 . 30.

0124:
01252
0126:
0127:
01302 100
01312
0132: 120
01332
0134 40
01352 50
0136: 110
0137:

0140: 60
o141 130
0142: 70
0143: 99
01442
01452
0146 200
0147:

0150 410
o151
01523 140
01532
g154:2 420
g155:
015¢6¢: 440

01572
01e0:2 450
or1é61t:
0162: <210
- 01632

0164 211

75

DIMENSION 1CARD(12) .

DIMENSION ISEQ(1D000),KSEQ(1000)

DATA LASLP,ZLRZ"A(",")sX(*,")"/

J=0 '

READ(5,1) N

FORMAT(15)

DO 70 I=l,.N

1¢C=0

READ(S,10,END=99) NUM,L(ISEQ(K),K=1,NUM)
FORMAT(1415)

DO 30 L=} ,NUM

J=J+1

IF(ISEQ(L)Y.EQeI) GO TO 20

1C=1C+1 .

KSEQUIC)I=ISEQ(L)

I1SEQ(1C)Y=J

GO T0 30

JD=J

CONTINUE

IF(IC.LE.D) GO TO 60

IP=1C-2

IF(1IP.LE.D0) GO TO 40

WRITE(2,100) I ,743(LA,ISEQIK) LPJKSEQ(K) 4LR4K=1,42)
FORMAT(T7 s " X (" 415,")==(=Bt*,15,")",2(A3,]I5,A4,15,A1))
WRITE(Z2,120) (LALISEQ(K) 3LP,KSEG(K)3LR,K=3,1C)
FORMAT((T6,"%°,3(A3,I5,A4,15,A1)) '

GO TO 50 '

WRITE(2,100) 1,14(LA,ISEQIK) sLP,KSEQIK),LR,K=1,1C)
WRITE(2,110) JD

FORMAT(Tb,*3",%)/A(*,15,")")

GO0 10 70

WRITE(2,130) 1,1,JD

FORMATI(TT7 o' X (", 15,%)=B(',I5,")/A(",15,')")
CONTINUE '
ENDFILE2

RENIND2Z

WRITE (3,200) JsNsN,4yN

FORMAT(T7,'DIMENSION AL ,I5,%) Bl ®3I5,%),X(*,15,"),Y(*,15,*)")
WRITE(3,410) J

FORMAT(T7,"'READ(S5,2D0) (A(K) 4K=1,",15,%)")
WRITE(3,140)

FORMAT(TH4,'20 FORMAT(SEI4.7)")

WRITE(3,420) N

FORMAT(T7,'READ(S5,20,END=99) (B(K),K=1,",15,%)")
WRITE (3,440) J

FORMATU(T7, ARITE(4,20) (A(K) K=1,",155")")
WRITE(3,450) N :

FORMAT(T7, NRITE(6,20) (B(K),K=14%,15,%)")
WRITE(3,210) N - .

FORMAT(T7,'D0 40 L=1,%,15)

WRITE(3,211) o

FORMAT(T7,*X(L)=0.")



0165:
0166 220
0167:
0D170: 225
0171:
0172: 230
0173:
01743 240
0175: 102
0176: 101
0177:
0200:
0201: 999
0202:
0203: 250
0204:
0205: 260
0206 '
0207: 270
0210
0211: 280
D212:
0213: 290

02142

0215: 300
0216°%
0217: 310
0220:
0221: 320
0222:
0223: 33o
0224:
0225: 340
D226:
0227:. 350
0230:
0231:
0232: 11
0233:
D234:
' 0235: 9999

WRITE(3,220)

FORMAT(T4,°40 Y(L)=0.")

WRITE(3,225)

FORMAT(T7,*1COUNT=0")

WRITE(3,230)

FORMAT(T4,°50 ICOUNT=ICOUNT+1")
WRITE(3,240)
FORMAT(T7,"IF(ICOUNT.GT.25) GO TO 70°)
READ(2,101,END=999) (ICARD(K),K=1,12)
FORMAT(12A6)

WRITE(3,101) (ICARD(K),K=1,12)

GO TO 102

CONTINUE

WRITE(3,250) N

FORMAT(T7,°'D0 60 L=1,%,15)
WRITE(3,240)

FORMAT(T7, 'TEMP=ABS(Y(L)=X(L)})")
WRI1TE(3,270)
FORMAT(T7,"IF(TEMP.GT.1E-04) GO TO 80")
WRITE(3,280)

FORMAT(T4,'60 CONTINUE"')

WRITE(3,290) N :
FORMAT(TH4,*70 WRITE(6,20) (X(K)4K=1,4",154")")
WRI1TE(3,300) : '
FORMAT (T7,°*STOP")

WRITE(3,310) N

FORMAT(T4,°80 DO 90 L=1,%,15)
WRITE(3,320) :
FORMAT(T7,'Y(L)=X(L)}")

WRITE(3,330)

FORMAT(TH4,'90 CONTINUE®")

WRITE(3,340)

FORMAT(T7,'GO 70 50°')

WRITE(3,350)

FORMAT(TY,'99 END")

ENDFILE 3

RE¥IND 3

READ(3,101,END=9999) (ICARD(K),K=1,12)
WRITE(6,101) (ICARDU(1),1=1,12)

GO 70 11

STOP

END
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- QUTPUT OF PROGRAM SOURCT
SYMBOLIC GENERATED PROGRAM
RESUL1

77




101
103
111
112

120

123
124
126
127

130 -

132
132
133
133
134
134
135
135
136
136
137
137
140
140
141
141

142

142
145

143

1%
2%
Zk
4 *
5%
6 *
7%
8%
gx
10%*
11%
12%
13%
14=
15%
16%
17%
18%
19%
20%

21%*

22%*
23%
2U¥
5%
26%
27*
28%
29%
J0%

20

40

50

*)/A( 28)

REAL*Y4 Al 14&).8( 50) e X(

READ(5»20) (A(K)eK=1r 148)
FORMAT(5E14.7) '

READ(5920,FND=99) (8B(K) )K=l

Lo 40 L=1, 50

X(L)=o.

Y(L)=90.

ICUUNT=0

ICOUNT=ICOUNT+]

IF(ICOUNT.GT.300) GO TO 70

X( 1)==(=-B{( 1)+A( 2) %X (
*)/A( B

x( 2)=={=R( 2)+A( 3)*X{
*)/A( 4) _

x{ 3)==(=R( 3Y+A( 6Y*X(
*)/A( 7) A '

X B)==(=B{ 4)+A( 9)*X(
*)/A( 100

X( B)==(=-RB( 5)+A( 12)*X{(
*) /A 13)

X( 6)==(=B( 6)+A( 15) *X{(
*) /AL 16) .

X( 7)==(=R( 7)+A( 18)*¥%(
*)/A( 19) )

xXH{ B8)z==(-RB( A)+A( 21X (
*)}/A( 22)

X 9)z=(=N( 9)+A(  24)*%X(
*) /AL 25) :
- XA 10)==(=R( 10)+A( 2T ) *X(

50)

50)YeY(

2)

) +al

2)+al

3r+al(
4r+a(
5)+a¢(
6)+a(
7)+a(
8)+A(

9)+a(

50)

S) X (
8)eX(
11)+X(

14)«X(

17)+X(

20)«X{(
23) %X (
26) %X (

291 %X (

78

4)
5)
6)
7)
8)
9)

10)

11)




144
164
145
145
1406
146
147
147
150
150
151
151
152
152
153
153
154
154
155
1155
1156
1156

1157 |

1157
1160
1160
1161
1161
1162
1162
1163
1163
1164
1164
1165
1165
1166
1166
1167
1167
)170
)170
1171
1171
117¢
J17¢
)173
J173
1174
J174
)J175
J175
1176
J176
3177
177
J200
Je0u
2ol
Jeol
Jeg2
Je0e

31%
32%
33%
Sk
35%
36%
37*
38%
39%
4O *
41%
42+
43*
oy
45%
46*
47*
48*
4o
50%
51%
52%

- 53%

514 %
55%
56%
57%
58% -
59%
60+
61%
62*
63*

BlU*

65*
66*
67 *
68%
69*
70%
71%
72%
73%
Th*
75%
76%
77%
78+
79%
BO*
B1%
82*
83*
Bl
B5*_
B6*
87 %
88%
89*
90*
9L*-
92+

X{
*¥) /AL
XA
*) /AL
X (
*)/A(
x(
*x)/A(
X(
*x)/A(
X(
*)/A(
X(
*) /A
X(

*)/A(

XC
*) /A
) 3 G
*) /A
x(
*)/A(
X(
x)/A(
x{
*x)/A(
x(
*) /A (
X{
*x}/A(
x(
*)/A(
x(
*) /A
x(
*) /A(
X{
*) /AL
X{
*) /AL
X(
*)/A(
X{
*) /A
x{
*)/A(
X{
*)/A(
X(

*) /AL

X(
*)/A(
x{
*)/A(
X(
*)/A(
x(
*) /A
x(
*) /A
X(
*x) /AL

11)==(-R(
31)
12)==(=13(
34)
13)==(~B(
37)
14)==(=R(
40)
15)==(~B(
43)
16)==(~B(
46)
17)Y==(~BI(
49)
18)==(=B{
52)
19)==(=R(
55)
20)==(=B(
58) .
21)=~(~B(
61)
22)==(~-B(
ALU)
23)==(~R(
67)
24)==(=RA(
-70)
25)==(=RB(
X))
26)==(=R(
76) -
27)==(=-RB(
79)
28)==(-R(
82)
29) == (=R (
85)
30)=-(-R{(
88)
31)==(-BI{
91)
32)==(=R(
- 94)
33)==(-RI(
97)

34)==(~B(

100)
35) == (=A(
103)
Jo)==(=R(
106)
37)==(~R{
109)
38)==(-H(
112)
39) == (=1
115)
40)z== (=B (
118)
41)==(-8¢(
121)

11)+A L
12) +A(
13)+A(
14)+A(
15)+A
16)+A(
17) +A(
18) +A(
19)+A(
20)+A(
21)+A(
22)+A(

23)+A(

24)+A(

25)+A(
26)+A(
27)+A(

28)+A(

29)+A(

30)+A(

S 31)4A(

32)+A(

33)+A L
34)+A(
35} +A(
36)+A L
371+A(
38)+A(
3g9)+A(

4o)+A(

41)+A(

30) %X (
33) % (

36) %X (

39)kxX(

42)*x(
45)*x(
48)*x(

51)*x¢(

S54)*x (.

57) %X (
60)*X (
63) %X (
66) X (
69) %X (
72) %X (
TSI HX(
78) %X (
81)*X(
AU *X (
§7)*X(
90) *X (
93)#x (
96) *X (
99) #x (
102)4X(
105)+x (
108)*x(
111) %X (
114)%x(
117) %X (

120) %X (

10)+A(
11)+a(
12)+a(
13)+a(

14)+A(

15)+a(

16)+A(

17)+A(

18)+al(
19)+A(
20)+a(
21)+al(
22)+A(
23)+A(
24)+a(
25)+a(
26)+a(
2?)+A(

28)+a(

09y 4l

30)+A(

31)+A(

C32)+Al

33)+a(

C3u)+al

35)+A(
36)+A(
37)+A(
38)+A(
39)+a(

40)+a(

32)*X(
35) «X(
38)xX(
41)%X{(
L) xX(
47y %X(
50)*X(
53) %X (
56) %X (
59) %X (
Gé)*X(
65) %X (
68) %X (
71X (
T4) %X (
T7)%X(
80) %X {

83) %X (

86) %X (

89) *X(
92)$X(
95) %X (
98) %X (
101024 X(
104) %X (

107) %X (

110)%X{(

113) %X(

1161 %X(

119) %X (

122) %X (

79
12)

13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)

42)




0203
0203
0204
0204
0205
0205
0240
0200
0207
0207
0210
0210
0211
0211
012
0212
0213
0213
0214
0217
0220
0222
0z24
0e27
0233
0234
0z30
0237
0240
0244
0244
0240
0247

93%
9y *
95%
96%
97+
98%
g9k
100+
101%
102%
103#
104 *
105%
106*
107
108%*
109#
110%
111%
112+
113+
114¥
115%
116%
117%
118+
119#
120%
121%
122%
123%
124%

125

60
70
85
75
25
80
90

99

XO  42)z==(=B( . 42)+A(
x)/A(  124)

X< 43)==(-n{ 43)+A(
*)/A(  127)

X( by)==(=-n( 4y)+A(
*)/A(C  130)

X( 4h)==(~B( 45)+A(
*)/A(  133)

X( 46)==(~-B( 46)+A(
*)/A(  136)

X( 47)==(-B( 47)+A(
*)/A(  139)

X 48)==(-R( 48)+A(
x)/A(  1u42)

X{"  49)==(=B( 4g)+A(
*)/A(  145) ,
XA 50)==(~R( 50) +A(
x)/A(  148) '
DO 60 L=1, 50
TEMP=ANRS(Y (1 )=X (L))
IF(TEMP.GT.1E=-04) 60 TO
CONTINUE

Do 75 I=1, S0
WRITE(6985) TeX(I)

123) %X (
126) %X (

129) *x(

132)*X(

135) *x(
138)*x(
141) %X (
144) %X (

147)*%x(

80

FOHMAT(?on'X("lSo')="E14 7)

CONTINUF
FORMAT (20X, *
STOP

GO 90 L=1,»

Y(L)=X(L)
CONTINUF
GO TO 50
END

S0

41)+Al
42)+a(
43)+A(
Gu)+a(

B5)+A(

46)+aA(

47)+a(
48Y+al(

09)

THE ITERATIVE METHOD FAILED')

125) %X (

1281 %X (
1311 %X (
134) %X (
137) %X (
140) %X (
143) %X (

146) %X (
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43)
4y)
45)

L6)

47)

48)
49)

50)



SAMPLE QUTPUT
FROM PROGRAM RESUL1
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X(
X
X

X0

X (
x(
x(
x(
x(
X(
x(
X
X
X(
X(
X
X(
X(
X
X(
X
x(
x{
x(
X(
X
X
X
X
X(
X
x(
X
X
X(
. X
X
X
X(
xe
x(
x(
X
X(
x{
X
x(

o xd

x(
Xt

v tban s

1)=
2)=

" 3)z

4)=
5)=
6)=
7)=
8)=
9)z=
10)=
11)=

- 12)=

13)=

14)="

15) =
16)=
17)=

"18) =

19)=
20)=
21)=
22)=
23)=
L)z
28)=
2h)=

27)=

2R)=

29)=

ap)=
Al)=
32)=
33) =
3y)=
s55)z=
36)=
37)=
38)z
39)cz
40)=
341)=
42)=
43)=
4y)=
45)=
4Ah) =
47)=
u8)=
49)=
50)=

«1000193+01
«9996128+00
«10L0559+01
«9992901+00
+1000R38+01
+9990578+00
.1001021+01
«9939248+C0
«1001106+01
+9988853+00
»1001104+01
«99892335+00
«1001035+01
«9990169+00
«1000923+01

¢9991u425+00 -

»1000790+01
«8992772400
»1000659+01
»9993682+00
»1000554+01
« 9994798400
«1000503+01
«9394916+00
»1000540+01
«9993983+00
+1000699+01
+9991650+00
»1001012+01

29987705+00

.1001487+01
«9982218+00
«1002097+401
«9975678+00
«1002772+01
+9869001+00
«1003401+01
»3963415+00
«10036857+01
«9960191+00
«1004020+01
«9960333+00
«1003816+01
+ 9964303400
«1003232+01
»2871883+00
»1002322+01
+9982217+00
»1001198+01

.9994011400

- . — -
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