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SIMEQR - 20 SIMULTANEOUS EQUATIONS IN 8K FOCAL

DECUS Program Library Write-up DECUS NO. FOCAL8-200

Program description

This program uses a Gauss elimination 'scheme adapted from a FORTRAN program given
by McCrackenl. As adapted for 8K.fOCAL in SIMEQR-F2, this algorithm can handle
as many as 20 equations. In addition to 8K FOCAL, this program requires a patch
FP (available2 as DECUS FOCALSLXXX), which provides Field-1 storage of variables.

(This FP patch is a modification for FOCAL,1969 of an earlier FNEW patch by Wrege3.)
SIMEQR assumes that the equations are arranged in the following form:

Allx1 + A12X2 + ... + Alnxn = Bl

AZle + A22x2 + .. F A2nxn = B2

or [A] [x] = [B]
in matrix form

Anlxl +- An2x2 + ae F Annxn = Bn

Each of the A's must be identified with its row-column subscript, and each of the

B's must be identified with its row number.
The structure of the complete program may be arranged into three principal blocks.

The first block comprises the mainline statements contained in FOCAL group 10, with

lMcCracken, D.D., "FORTRAN with Engineering Applications," Wiley, 1967; Case
Study 24, p. 154.

2Pike, A.L,, "FOCAL Patch for Function FP," DECUS FOCAL8-XXX, DECUS Library,
Mavnard, Mass.

3Wrege, D.E., "STRIP FOCAL - Storage of Data Arrays," DECUS FOCAL8-7, DECUS Library,
Maynard, Mass.
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calls to I/0 structures in groups 11 and 12. The second block is a "put' routine,
written in group 13 to handle the format problems of listing a 20 x 20 matrix, or
smaller. Tinally, the mathematical algorithm is controlled from group 7, which in
turn calls groups 2 through 6 for rapid execution of special elements in the pro-
cedure. The program listing, given at the end of these notes, contains comment

lines for ready identification of these components.
ot

Operating instructions

After loading 8K FOCAL,1969, use BIN to load the FP overlay. Then, load the SIMEQR
source tape with the usual FOCAL methods for either the high-speed reader or for the
teletype. Start SIMEQR by typing GO and a RETURN. SIMEQR announces itself with its
version number and asks if papér—tape input is wanted. Answer this question by typing

Y or N, followed by a space bar (the space bar may be used to terminate every input.)

For keyboard input, the teletype requests the number n of equations to be solved.
Type the number and a space. Then the prbgram Asks for the values in the A matrix.
On each line, the teletype requests a ROW number. Type this number and a space.
Then the program requests a COL number. Enter the column number and a space. Next
the program requests the value of the corresponding coefficient in the A matrix.
After you type this value and a space, the program outputs a carriage return and
prepares to accept the next data. Because each A is identified with its own sub-
scripts, the values may be entered in any order (column-major, row-major, or

scrambled) as long as all values are supplied.
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When n~ coefficients have been entered, the program requests the B vector of constant
right-hand terms. For each line, the teletype requests a ROW number, then the
constant value. When n constants have been supplied to the B vector, the program

tabulates all of the input data; then the program uses its elimination algovithm to



determine the n solutions. After all solutions have been found, the program

tabulates these answers for x in a simple column.

Sparse-matrix feature

In practical problems, the coefficient matrix A often has many zero values. To
avoid the request for all éf the constants, the program zeros the necessary storage
space as soon as the number n of equations has been entered. For a sparse matrix,
all éf the nonzero coefficients may be entered in any suitable order. When the

next ROW number request is made, type 99 (or 21 or any other row number greater than
20.) The program uses the 99 as a sparse—matrig triggef to terminate reading into
the A matrix. The sequence moves on into the input section for the B vector of
constants. Similarly, the nonzero constants in B may be entered in any appropriate
order. Then the ROW request may be answered with 99 to terminate the reading

sequence for B.

Use of the 99-trigger to terminate both reading sequences would be partiéularly
advantageous for the 10 equations that would be needed for a 10-~loop ladder network
in électfic—circuit.analysis, especially if the network had only one source (that is,
only one B element.) Instead of 100 total entries into the A matrix, perhaps only
30‘nonzero items would be required, with only one entry needed into the B vector.

For accurate verification of the input data (which the algorithm destroys during

execution), all the values (zero and nonzero) are printed on the teletype by the

tabulating routines.

Data entry by high-speed punched paper tape

For many sets of equations, it may be worthwhile to punch a paper tape with all the

needed data. This task may be done dff—line, or with a PDP-8 editor program. The



format may be conveniently organized as follows:
number of equations n and a RETURN
row, space; column, space, A value, RETURN
row, space, column, space, A value, RETURN

etc., through n2 values for A (or until

99 and RETURN begin a new line), and then
row, space, B value, RETURN
row, space, B value, RETURN
... etc., through n values (or to

99 and RETURN for the sparse-data trigger.)

(The data tape may be identified with a comment after all of the B values are
entered; FOCAL will not read this comment if the numbering is satisfactory for all
the subscripts.) Note: if the data tape is prepared off-line, each RETURN must
be followed by a LINE FEED for proper printing - the editor programs supply this

character automatically, however.

Although this program does not handle a data tape satisfactorily in the teletype
reader unless additional interrupt patches are made to,FOCAL itself, SIMEQR has
been tested on an 8K PDP-8e having only the ASR33 reader. With the DEC patcha

appropriate for the 8e only, reading and writing interleave successfully without

any adjustment in SIMEQR.

Execution time

The implementation of the algorithm has been reasonably optimized for rapid running
in the 8K FOCAL system. There is a wait of several seconds to zero the data space

for the 20-equation case. However, solution of a sample 20-equation run (with

4Digita1 Software News for PDP-8, FOCAL17: '"Optimum Use of the PDP-8e for
FOCAL,1969 - DEC-08-AJAE," Nov. 1971
4



420 nonzero data items entered by high-speed paper tape) required only 3 minutes
and 40 seconds for computation time. Of course, additional printing time is
required to tabulate the input data and to list the answers. For only 3 equations,

FOCAL's interrupt system permits computation to overlap completely with printing.

Accuragz

Because the elimination algorithﬁﬂis known to yield unusable results for ill-
conditioned sets of equations; no statement of accuracy can be made that is in-
dependent of the data. However, useful solutions have been found with many
practical sets of data. Doubtful solutions should be tested by independent sub-
stitutions. Other numerical-analysis techniques than elimination may be required

to obtain solutions when doubtful results have been shown to be false.
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ELIMINATION

FEAR=-¥F2=-11/13/71-PIKE PC
1710
OINC LOOPS, SUB5CRIPT POINTERS
T=FP(420+1,2)

[=FPC423+1,0)

K=15sN3D 1.703S T=FP(IK»Q)

IK=1+23%(K-1)

TJ=1+23%(J=1)

KJ=K+23%(J=1)

TRACTION FOR ROW K+l
189D 199
T=FP(IJsFPC(IJ)=-RAXFP(KJI)

BELOW DIAGCONAL», COLUJMN

17335 KK=K+23%(K=1)

Ra=FPC(IK) /FP(KK)

J=KPsNs3D 2

K=FP(402+1,FPC4B32+1)-RAXFP(480+K))

K

INTERCHANCE, RICHT SIDE OF DIACONAL
19035 LJ=L+23%(J=1)

T=FP(KJ)

X=FP(KJ>,FP(L.J))

X=FP(LJsT)

RACH ROUJTINE DOWN COLUMN K

17055 LK=L+20*%(K-1)

(FABSC(FPC(IK)) FABSC(FP(LK)))5e5955e5855e4%
L=1

DENSATION, PIVOT ROW K
KP=K+135 L=X

I=KP>N3D 5
(L=K)6e2556+4556425
J=KsNs5D 4

T=FP(4900+K)
X=rP(430+K>FP(409+L))
X=FPC4@2+L,T)

I1=KPs D 3

NS5
5SS ELIMINATION ROUTINE

NM=N=131 (NM=-1)7.30;

K=1,NM3D 6
K SURBSTITUTION

NN=N+20%(N=-1)

X=FPC420+N, FPC430+N) /FP(NN))

I=NM31 (NM=1)7.935

IP=I+13S SM=0

J=IP,N3D 1.833S SM=SM+FP(IJ)*FP(429+J)
[I=1+20%(I=-1)

X=FPC420+1, (FP(430+1)=-SM)/FP(I1))
I=1=151 C(1=1)7e9357635760
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C - SIMEQR-F2-11/13/71 PC 2 0OF

C - MAINLINEs I/0 HANDLERS
18.13 T '"SIMEQR=-F2"!!

1B.12 A TAPE INPUT? TYPE Y OR N: "X,!
1714 1 (X=0Y)1DelGs103.183

10elG S X=035T '"ENTER NOe OF EQS: "3C 10.29
1718 5 H==13%

13293 A N35 NQ=N*N

1921 I (NY)1233512e633510422

1722 1 (N=20)10624,104245,12430

1924 F I=15W3D 1e43d3D 1.505D 1.60

1926 1 (X)10.28;T MI"ENTER MATRIX A:™!
19258 S I=J

13«37 S I=1+13D 11

132 I (29-R0)13e3451 (I=-NQAY1J«335
1334 1 (XJ13.365T 'I1"ENTER VECTOR B:'!
1336 S I=9

1333 5 I=I+13D 12

194 I (20-ROX1Be4131 (I=-N)1D2.383

13641 1T (X)1De42510.43513.43

1042 %

13.43 T VIII"INPUT DATA====="

12.44 D 13

19346 T 22,1111 JECTOR B WITH"NS'" CONSTANTS'!!
12.43 5 1I=93

1950 5 I=1+1

1352 T Z2," ROW"I»%2," "FP(4390+1),!
1Ae54 I (I=-N)1De533

1856 D 7

159 T 'IVII"TABULATED SOLUTIONS====='"!
1069 F I=1,N3D 12.29

13«7 T 1TIVIYQTIT

C = MATRIX INPUT ROUTINE

11l T (X)1161235T '"ROW:
1112 A RO3I (20-R0O)11.243

11el6 I (X)114185T '™ COL:
11e18 A CL3I (X)11.205T A? "
1129 A T35 RC=RO+23%(CL-1)
1122 5 T=FPC(RC>T)

11.24 R

C = VECTOR INPUT ROUTINE
I (XD12.123T !"ROWe "
4 RO031 (20-R0OJ12.135
1214 I (X)12e163T ' B? ™
‘ A T35 T=FPC4092+R0,T)
R

r z22,1" KC"'IL") = "Z,FPC420+1),!
12.33 T '1I"IMPROPER NO. OF EQS. QuITt"
12400 C 1279
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13.29
13.22
1326
13.28
13.30
13.32
13.34
1336
13.38
13.40
13.42
13.44
1345
13.406
13413
1359
13.52
1354
1356
1358
1369
13.62

sk

ROUTINE FOR SQUARE MATRIX
J=135 ND=43;5 LD=29
LS=1

72, 11 1"SQUUARE MATRIX A = *N,'™ ROWS AND"N,"

JN=J+ND-1
(JN=N)13165131635 JN=N
72, " COLUMN !
JC=J5T JC

JC=JC+131 (JN=-JCI13.263
" ; "JC3C 13.29
]

LT=LS+LD=-1

L=LS-1

L=L+1

22,1 ROW'"L

K=0

K=K+13S KK=K;S JIl=J+K-1
LJ=L+23%(JT=-1)
T(KI=FP(LJ)
(JT=N)13e455134651346
(K=-NDY13.385

JE=1,KK3T 3%, "TC(JW)
(L=-LTY13.32;

L5=LS+LD

13.12
(JT=N)13e58513625134062
J=JdT+1

13.11
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