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ABSTRACT

The conversational use of computers makes user-oriented languages desirable. A
computer program has been developed which enables users to do matrix calculations
conversationally, without knowledge of computers or programming languages. The
program converses in a brief command language, which provides for input/ output,
matrix arithmetic, forming of the transpose, inverse, determinant, and eigenvalues,
and exponentiation. Details of the program language and logic are given, with a
sample user-program conversation. Technical details and FORTRAN program listings
are also presented.
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SUMMARY

Calculations with matrices often require the aid of computers. The ability to do
such calculations while conversing with the computer frees users from doing any pro-
gramming to perform everyday calculations, and allows easy checking of results. For
such an application a user-oriented language, not a computer language, is desirable.

A computer program has been written which enables users to do matrix computations
without knowledge of computers or programming languages. Potential users can easily
learn the command language recognized by the program. The program, called MATAR,
interacts with users in a conversational manner. It is now running under a time-sharing
system.

MATAR provides for simple input/output of matrices, matrix arithmetic, and
several other operations. These include formation of the transpose, inverse, determi-
nant, and eigenvalues and exponentiation.

The limitations of the program are discussed, with some remarks on the logic it
uses. A complete and brief user's guide is provided, with a sample user-program
conversation carried on through a typewriter-like terminal. Technical details and
FORTRAN program listings are also presented.

INTRODUCTION

In the last few years, the increasing capabilities of electronic computers have
made possible the numerical solutions of complex problems, These problems could
not practically be solved without computers because of the large amounts of arithmetic
involved.

But computers must be told exactly what to do in their own languages. Unfortu-
nately, this often creates a barrier between the problem solver and his solution. He is



forced either to master a computer language or to work with a computer programmer who
transiates his problem for the computer. However, there are some problems which
should not require this; that is, some problems (e.g., matrix calculations) are just hard
enough that they require the help of a computer, but not so hard that the problem solver
should have to translate them into computer language.

One approach to breaking down this barrier is to develop more capable desk calcu-
lators which remain easy to use. Desk calculators are not suited to matrix manipula-
tions, however, because of their storage limitations.

Another approach is to make computers available for conversational use. By this is
meant real-time interactions between computers and users such as programmers, busi-
nessmen, or engineers. The conversational approach is practical especially where time-
sharing systems are available; under such systems, computers handle more than one
user essentially as if each user had the computer to himself.

The conversational approach can be made easy by developing computer programs
which are strongly user-oriented. For matrix calculations, the user need only know
how to get matrices in, how to operate on them, and how to get back the answers, all by
means, for example, of short lines typed at a typewriter-like terminal. This report
shows a way of doing matrix calculations on a computer by conversing with the computer
in a brief set of commands.

MATRIX CALCULATIONS - AN EXAMPLE PROGRAM
Capabilities of Program

An unusual feature of MATAR is its power to help users learn the proper usages of
MATAR. The program can issue specific complaints about input it cannot process.

For example, if the user tries to use a matrix not previously defined, the program
tells him that the matrix is unknown and therefore that particular calculation must be
canceled. The user can prompfly see and rectify his errors.

The program will add, subtract and multiply two matrices, and raise a matrix to a
positive integer power. In addition, it will form the inverse, determinant, eigenvalues,
and transpose of user-defined matrices on command. Mixed scalar/matrix arithmetic
is permitted. The inverse, determinant, and eigenvalues are calculated only for square
matrices.

The program stores matrices by names the user chooses and allows him to use
these names in simple expressions. The user defines a matrix by giving its name and
a punctuated sequence of numbers for its elements, or by defining it in terms of pre-
viously defined matrices. The user can quickly display any matrix by asking for it



by name. Also, individual elements can be called out or aliered. This storage of *
matrices is limited, but the program allows the user to manage and control use of
storage by permitting him to delete matrices and to observe what matrices have been

stored.

These capabilities make matrix computations quick and simple.

Such computations

have many uses, for example, in the study of linear systems and stability problems.
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Limitations of Program

The program is designed for '"medium-size'* (10 rows and/or columns) problems.

It is not intended for solving large systems of equations, for extensive computations, or
for huge blocks of input or output. For this reason, it is limited in input/output,
storage, arithmetic, and reasoning.

There are two limits on input/output. First, input/output is presently by means of
typewriter-like terminals only, because they are better suited to conversational appli-
cations than magnetic tape, card readers, or printers. Second, users may type in no
more than two lines, or about 240 characters. This restriction is easily removed.

Storage of matrices is limifted, both in the size of matrices and in the total number
of matrix elements. Individual matrices can have as many as 10 rows and/or 10 columns.
Storage is provided for roughly 1400 elements (e.g., fourteen 10x10 matrices or fifty-six
5x5 matrices).

All arithmetic is limited to six significant figures. Matrix inversion and eigenvalues
are usually accurate to five figures. The program translates all input matrix elements
to real, short-precision numbers; only positive integers are allowed in the exponentiation
operation.
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Logic limitations allow rapid processing of correct commands, but can occasionally
cause the user some confusion. For example, the program regards any line with a colon
on the right side of an equal sign as a definition of 2 matrix. Figure 1 shows the general
flow of the logic used to translate commmands typed in by the user. This figure is espe-~
cially intended to show why the diagnostic messages are issued.
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USER'S GUIDE TO MATAR
Some Details of Usage

To use the program, users gain access to terminals (or other such devices) and
begin by executing the call CALL MATAR. Details for doing this will differ (see
appendix). - The following example shows the beginning of a user-program conversation.
The user commands are (arbitrarily) in small letters; the program responses are in
capital letters and are indented slightly, Blanks are ignored by the program, except
that where a number is expected, blanks are interpreted as zero. The user can easily
include comments because the program ignores lines beginning with an apostrophe.



load sample
run sample
YOU ARE USING A MATRIX ARITHMETIC PROGRAM.
WANT MORE INFORMATION?
yes
| RECOGNIZE THE FOLLOWING COMMAND FORMS:
(1) NAMEl = Al11,A12,...,A1M;A21,...,A2M;...;AN1,. ..., ANM:
THIS DEFINES MATRIX NAME1l, ENTERED ROW BY ROW,
(2) NAME1l = NAME2 OGP , WHERE OP = {% (INVERSE) D% (DETERMINANT)
T%(TRANSPOSE) P%N(TO POWER N) OR EZ(EIGENVALUES)--
THIS LAST DEFINES NAME1l TO BE A MATRIX WHOSE FIRST COLUMN
IS THE REAL PARTS, AND WHOSE SECOND COLUMN IS THE IMAG
PARTS, OF THE EIGENVALUES OF MATRIX NAME2,

(3) NAMEL = NAME2 OP NAME3 , WHERE OP = + =~ =

(4) NAMELl = ? THIS OUTPUTS MATRIX NAMEL

(5) QUIT, OR STOP THESE CAUSE A RETURN.

(6) DUMP THIS TELLS YOU ALL MATRIX NAMES AND SIZES.
(7) ERASE(NAME1) THIS ERASES MATRIX CALLED NAME1.

(8) NAME1 = NAME2 OP NAME3 , WHERE OP = A%(DIAGONAL ADD),

S%(DIAGONAL SUBTRACT), OR MZ(DIAGONAL MULTIPLY), AND NAME2
OR NAME3 MUST BE A SCALAR,

(9) NAME1(N,M) = XX IF XX IS ? , THIS OUTPUTS THE NAME1l ELEMENT IN ROW N, COLUMN M;
IF XX IS A NUMBER, IT IS PLACED IN THAT ELEMENT.

YOU MAY USE TWO LINES FOR INPUT. TO CONTINUE TO A SECOND LINE
ENTER | SOMEWHERE IN THE FIRST LINE

DO YOU NEED ADDITIONAL COMMANDS?
no
READY
a=1,0,3.0;0,2,3;0,0,3:
READY
ainv=a 1%
READY
ainv=?
ROW 1 1.00000 0.0 -1,000000
ROW 2 0.0 0.500000 -0.500000
0.0 0.0

ROW 3 0,333333
READY

stop
CHCIW SToP RETURN

After MATAR is executing, it asks if information is desired (see preceding example).
The user replies yes. The program types out information on its usage; when this is
done, the program types READY. Whenever this READY appears, the program expects
a new complete command for processing. The example continues by showing the defini-
tion of a matrix, inversion of it, writing the inverse, and stopping.

The same problem is done, but with some user's errors to show typical program
responses to imperfect commands in the following example:



READY
a=1,0,%;0,22,3;0,0,3,4:
BAD CHARACTER % . ROW 1 , COLUMN 3
RE~ENTER NUMBER FOR THIS ENTRY. DEFAULT: ZERO.
3

WARNING: ROW 3 IS TOO LONG AND HAS BEEN TRUNCATED.
READY

a=?

ROW 1 1.00000 0.0 3.00000

ROW 2 0.0 22.0000 3.00000

ROW 3 0.0 0.0 3,00000

READY

a(2,2)=2

READY

ainv=aa i%

AA NOT FOUND.

READY

ainv=ai%

READY

ainv=!

DID NOT SEE A ? : OR VALID COMMAND OR OPERATOR. LINE REJECTED.
READY :
ainv=?

ROW 1 1.00000
ROW 2 0.0

ROW 3 0.0
READY
identity3=a*ainv
NAME HAS MORE THAN 8 CHARS, BEGINS WITH IDENTITY
READY
identity=a*ainv
READY

identity=?

ROW 1 1.00000
ROW 2 0.0

ROW 3 0.0

READY
stop
CHCIW STOP RETURN

0.0 ~1.000000
0.500000 -0.500000
0.0 0.333333

o

0.0
00000 0.596046E~-07
1.000000

o o
e
(=3

Command Language

The program recognizes, and converses in, its own language. This language is
simple to learn and use. Only this language is recognized, so that knowledge of standard
computer programming languages is not necessary.

The user commands are described in the following formats and examples:

(l)namel=all, 3»12, e s s g alm; 321, v s oy azm; ° o« -; anl, o & g a—nm:

This command is used to define an nxm matrix and store it as matrix name;. The .
entries are separated by commas; the rows are separated by semilcolons; and the matrix
must end with a colon. (Note: e-1is FORTRAN notation for x107".) Name; may con-
tain one to eight alphanumeric or special characters, with the exception of reserved

characters, which include + - « % 2 : = ().

Example: a=1, 3.0, 3.2; 1e-1, 2, O:



This defines matrix a to be
(1. 0 3.0 3. 2>
0.1 2.0 0.0

This command is used to redefine the entry in the ith row, jth column, of matrix name,
to be the number xxx.

(2) name @, j) = xxx

Example: a(1,2)=0

This redefines matrix a io be
1.0 0.0 3.2
0.1 2.0 0.0

This command is used to type out the matrix called name 1°

(3) name; = ?

Example: a =2
This causes the output
ROW 1 1. 00000 0.0 3.20000
ROW 2 0. 10000 2. 00000 0.0
(4) name G,i=7
This command is used to output the ith row, jth column element in matrix name 1
Example: a(2,2) = ?
This command causes the output 2. 00000.
(5) name; =name, Op nameg

where op (short for matrix operator) is + (add), - (subtract), or * (multiply). This
command is used to perform the arithmetic on the matrices name, and nameg and defines
the result to be matrix name;. If either matrix is 1x1, the arithmetic performed is
scalar arithmetic.



Example: b=a+2a

This defines the matrix B to be
(2. 0 0.0 8. 4)
0.2 4.0 0.0

where op is i9 (inverse), d% (determinant), t% (transpose), p%N (to power N), or e%,
(eigenvalues). The eigenvalue command is used to define matrix name, to be a two-
column matrix whose rows contain the real, then the imaginary, parts of the eigenvalues
of matrix name,.

(® name; = name, Op

Example: b =b t%

This redefines b to be

2.0 0.2
0.0 4.0
6.4 0.0

As this example shows, previously-defined matrices can be redefined.
4] name; =name, Op hameg

where op is a% (add), s% (subtract), or m% (multiply). This command is used to
perform scalar arithmetic on diagonal entries only. Therefore, either name, Or nameg
must be scalar, the other must be square,

Example: ¥

and scalar = 2, ¢ = ¢ m9 scalar redefines ¢ to be
4 1

0 6

10



(8) dump
This command is used to output all matrix names and dimensions.
Example (after defining only a and b above): DUMP
This would cause the output
YOU HAVE DEFINED 2 MATRICES.
A HAS 2 ROWS, 3 COLUMNS.
B HAS 3 ROWS, 2 COLUMNS.
(9) erase (namel)
This command is used to erase the matrix name,, releasing the space it occupied for use.
Example: erase(a)
This command erases the elements in matrix a.
(10) stop

This command stops execution of MATAR.,

PROGRAM MESSAGES

Whenever communication breaks down and MATAR has trouble with a command, it
will issue specific complaints. These help the user find errors and learn to use the
program, There are three basic types of complaints,

First, no arithmetic is performed (but no previous matrices are lost) if the user's
command violates matrix algebra requirements. For example, the program does not
try to add two matrices with different numbers of rows. Such errors are arithmetic
errors,

Second, in trying to fit the input into one of the recognized command formats, the
program sometimes finds forms which violate built-in assumptions and limitations,
For example, no name can be longer than eight characters. These violations are called
user errors.

These two error types are called fatal, because user commands containing them
are not carried out. Finally, there are some messages which are for user's informa-
tion. They warn him of conditions which are not fatal to the command, but which
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should be considered. For example, if a user includes nonnumeric characters in a
number, he must reenter that number, but the rest of the line is not lost. All three
types of program messages are listed in table I.

TABLE I. - MESSAGES ISSUED BY PROGRAM

User errors

NAME HAS MORE THAN 8 CHARACTERS. BEGINS WITH XXXXXXXX.
RESERVED CHARACTER USED IN NAME, LINE REJECTED.

xxxxxxxx NOT FOUND.

BLANK(S) FOUND WHERE NAME, COMMAND, OR REPLY REQUIRED, RE-ENTER.
DID NOT SEE A ? : OR VALID COMMAND OR OPERATOR, LINE REJECTED.
MORE THAN 10 COLUMNS, LINE REJECTED.

MORE THAN 10 ROWS, LINE REJECTED.

SUBSCRIPT(S) OUT OF RANGE, xxoxxxx HAS m ROWS, n COLUMNS,

BAD CHARACTER x IN EXPONENT, LINE REJECTED.

BAD CHARACTER x IN NUMBER, LINE REJECTED.

BAD CHARACTER x IN SUBSCRIPT, LINE REJECTED.

NO COMMA SEPARATING SUBSCRIPTS, LINE REJECTED.

W 0 =1T O U1 i W DN i

e
DN O

Arithmetic errors

13 MATRICES HAVE DIFFERENT NO. OF ROWS. OPERATION IGNORED.
14 MATRICES HAVE DIFFERENT NO. OF COLUMNS. OPERATION IGNORED.
15 OPERATION NOT DEFINED FOR NONSQUARE MATRIX.
16 FIRST NO. COLUMNS NOT EQUAL SECOND NO. ROWS.
MATRIX MULTIPLY REQUEST IGNORED.
17 SINGULAR MATRIX. INVERSE NOT PERFORMED.
18 OPERATOR NOT APPLICABLE FOR MATRICES.

Warnings

19 MATRIX ILL-CONDITIONED. INVERSE MAY BE INACCURATE,

20 ***WARNING*** ROOM FOR ROUGHLY n MORE ENTRIES.

21 *x+x+xWARNING***** STORAGE SPACE FOR MATRICES EXCEEDED BY n,
RESULTS UNPREDICTABLE.

22 BAD CHARACTER x, ROW n, COLUMN m,
RE-ENTER NUMBER FOR THIS ENTRY. DEFAULT: ZERO.

23 WARNING: ROW n IS TOO LONG AND HAS BEEN TRUNCATED.

24 WARNING: ROW n IS TOO SHORT AND HAS BEEN PADDED WITH ZEROS.

25 **WARNING** EIGEN FAILED TO CONVERGE ON AN EIGENVALUE.

12



CONCLUSIONS

Using computers conversationally, that is, in a real-time interactive way, can be
easy for nonprofessionals, as well as fruitful for computer professionals. Matrix cal-
culations have been presented as an example of this conversational use. A brief but
powerful set of commands to do matrix calculations has been developed. A FORTRAN
program has been written which enables the computer to converse with users (for
example, through typewriter-like terminals) and interpret these commands. This
program is running successfully under a time-sharing computer system,

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, November 27, 1968,
125-23-02-15-22,
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APPENDIX - NOTES FOR PROGRAMMERS
Program Details

The program was developed and run under the Time-Sharing System (TSS) of an IBM
360/model 67 (ref. 1). The entire program is roughly 9200 four-byte words (1 byte = 8
bits) in length. Under TSS, each user's virtual storage is divided into pages, at 4096
bytes per page. The number of these pages that the program requires is a strong
function of how much the various subprograms have been combined at compile time and
by the link-editor.

Source decks for the program are in TSS FORTRAN (ref. 2). The program calls two
shift functions standard to IBM 360 - ISLL (NN, IWORD), which shifts the integer short-
precision word IWORD NN bits to the left; and ISRL(NN, IWORD), which shifts IWORD NN
bits to the right. (See note below.) The program is executed under TSS by compiling the
source decks, and then LOADing and RUNning the object decks into the user's virtual
memory.

Note: I shift functions above are not ireadily available, the following FORTRAN coding
will serve: '

C FORTRAN 3iIFTS FOR MATAR
FUNCTION ISLL(NN, IWRD)
c MASKR GOUD ONLY FOR 24 BITS TO RIGHT
INTEGER MASKR/Z00000080/, MASK/Z80000000/
WORD = |WRD
DO 1 I=1,NN
IWORD = |WORD%*2
1 CUNTIHUE
GO TO 3
ENTRY ISRL(NN, IWRD)
IWORD = 1WRD
C SET SIGN BIT TO ZERO
IFCIWORD.LT.0) IWORD = IWORD + MASK
DO 2 1=1,NN
IWORD = 1WORD/2
2 CONTINUE
c RESTORE BIT IF NEEDED

IFCIWRD.LT.0) {WORD = [WORD + MASKR
3 ISLL = IWORD

RETURN

END

14



Numerical Methods

Matrix arithmetic is done by real short-precision arithmetic with operationsion
32-hit words yielding six siginficant figures. The exponentiation command simply causes
repeated multiplication,

The inverse, determinant, and eigenvalues are calenlated only for square matrices.
The inverse and determinant are formed by using Gauss-Jordan elimination (ref. 3). The
eigenvalues are calculated by transforming the matrix using Danilevski’s method (vef. 4).

These calculations are performed by means of standard subprograms developed at this
Center,

Listing of FORTRAN Program

The program is entered by running any program which makes the call CALL MATAR.

All matrix information and elements are in COMMON/MATE/. A complete listing
follows.

YOy

INITIALIZES, TALKS A LITTLE
SUBRGUT INE MATAR
DIMENSIDN INP{10) NM{2)
COMMONIMATE/ NIMGTLAST,MATRIX(1500)
DATA 1Yy INs INEW/? YESI,t ND'.1/
TEUINEWLNEL1) GD T 3
INEW = 2
NUM = O
[LAST = O
PO 5 1=1,1500
MATRIX (1) = O
PRINT 101
GO TU 2
1 PRINT 102
2 READ 201, INP
CALL NMPACK(INPy19104NM, TRUE. 61,614,821}
TF{NM{2).EDL.IN) GO YO 3
TE{NM{2).NELIY) GO TD 1
PRINT 103
PRINT 106
PRINT 104
60 10 7
6 RPRINT 102
7 READ 201, INP
CALL NMPACKETINP o1 10,NMy . TRUE. 4665664587)
TR{NMIZ) JEQ.INY 6O TOD 3
TP{NM{Z}.NE.IY) GO TO 6
PRINT 105
3 CALL READER
RETURN

Wi
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101 FORMATIY  YOU ARE USING A MATRIX ARITHMETIC PROGRAM,® ./,
# 4 WANT MORE INFORMATIONDY)

102 FORMATLY  TYPE YES OR NO.Y)

103 FORMATIY | RECOGNIZE THE POLLOWING COMMAND FORMS %,/
1 ¢ {1) NnﬁMEi = A}_lelZ’v.a7&1”;@121?‘-;’&2{4;:..; ANI;-;n?ANMg‘,},OX,
2 7 45%,'THIS DEFINES MATRIN NAMEY, ENTERED ROW BY ROW.T+/»
3 ' {2} NAMEL = NAMEZ OF 4 WHERE OF = 1% (INVERSE) D% (DETERMINANT
453747 48X,t TE(TRANSPOSE} PEN{TD POWFRR N} OR EZ(EIGENVALUESI~~',/,
CS5Xe® THIS LAST DEFINES NAMEL TD BE A MATRIX WHOASE FIRST COLUMNY,/
DeBX,t IS THE REAL PARTS, AND WHOSE SECOND COLUMN IS THE IMAGY,/,
EBX,? PARTS, OF THE EIGENYALUES OF MATRIX NAME2.%./,
S ¥ 13} NAME> = NAMEZ OPF NAMEZ , WHERE 0P = + —~ % 3,/,

& * {4} MAMEL = 7 THIS DUTPUTS MATRIX NAMELt,/,
Tt {5} QUIT, DR STOP THESE CAUSE A RETURM,. Y./,
8 Y {6) DUmp THIS TELLS YOU ALL MATRIX NAMES AND SI7FES.*,/,

G ¥ {7) FERASE{NAMEY} THIS ERASFS MATRIX CALLED NAMED .?}

104 FORMATI® DO YOU RNFED ADDITIONAL COMMANDSe Y}

105 FORMATU®  CONTACT BRUCE CANMRIGHT, PAX 6263 0OR 8224,%)

106 FORMATEY  [8) NAMEL = NAMEZ DOP NAME3 , WHERE 0P = AL(DIAGONAL ADD)
1% 75X $SA{DTAGONAL SUBTRACTYy OR MZ{DIAGOMAL MULTIPLY), AND NAME
221,/ ,5X40OR NAMEZ MUST BE A SCALAR.t ./, (9) NABEL(N,M} = XX
31F XX 15 % THIS OQUTPUTS THE NAMEL ELEMENT IN ROW M, COLUMN Mg,/
34 FES IR XX 1S A NUMBER, IT IS PLACED IN THAT ELEWMENT. ./4/,

A Y YOU MAY USE TWO LIRES FOR INPUT, TO CONTIMUF TO A SECOND LINES
B 4/, ENTER | SOMEWHERE IN THE FIRST LINEY./4/ )
201 FORBAT(IOAL}
END

™

SUBROUTINE READER

7 ¥ ¥R Mk sfe i e ool S e e e e ol oo sl o o ik s o o sfeste o s e R e sl R Sl ale N A Sl MR B e s vl e e el ol sl e R sl

4
*
¥
¥*

READER READS THE INPUT AND DECIDES WHAT YO Catt
THE 142 ENTRY 1S IN THE FIRST ROW, SECOND COLUMN
OUTLINE OF MAJOR FLOW FOLLDWS

FOR LOMMAND TYFE (11 KEADER~~CHANGE—~~CNVTIR

FOR COMMAND TYPE (2),{4) READER~~REPAIR

FOR COMMAND TYPE (33 READER-~DUTPUT

FOR COMMAND TYPE (515{6):{7}) READER——ARITHM~~ARITHMETICSTUFF
FOR COMMAND TYPE (B}4{9} {10} READER~-CUMAND-—DUMPY

MMPACK  PACKS Axl LEFT-ADJUSTED INTO ZA4 RIGHT-ADJUSTED
NMDEF DEFINES NEW NAME

FINDNM  LOOKS UP OLD MATRIX

WIPE ERASES OLD MATRIX

sinkeielsieEaisinieinRale e aR e RN e R aiy]

Ao AR SR AR e R sk e e e o o K 3K A e S o o e

3
<t
%
%
%
2%
%
%
3%
ki
3
+*
3
%
%
2
&%
%
%%
Sk
#*
3t
ki
3%
%
2%
3
%
kg
*
%
4%
#*
*
%*
¥
£
+*
#E
3
%
L
%
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LOGICAL OLD
DIMENSINN NM{2)4,NML(2),INPUT(220)
COMMON/MATE/NUM, TLAST,MATRIX(1500)
COMMON/PASS/ KLP,KRP,KKCOL
DATA T1.IDsITHIPLIE / 3T0,9DV, 078,858, tp2 /
’
'

DATA TiMyIAs IS ICUONyTEO,TOMy TRLK/ PaE 404t 01—t 1 ft 1=t tov 1 1y
DATA TCOMy ISEM,TCOL g TLPoTRP,IV/ V40,0 st 0a 8 0 (8 1)1 1Esy
DATA TA2,1S2,1M2,1AP /7 YAV 4S040, THY /

50 TF(ILAST.LT.1400) GO TO 47
NMAX = ILAST - 1399
PRINT 98, NMAX
98 FORMAT(! olckakWARNING*¥x%% STORAGE SPACE FOR MATRICES EXCEEDED?',/
¥y ' BY 1,13,' , RESULTS UNPREDICTARLE.")
GO TO 46
47 TF{ILAST.LT.1300) GO TO 46
NMAX = 1399 — ILAST
PRINT 99, NMAX
99 FORMAT(! kkWARNING*# % ROOM FOR ROUGHLY '414,1' MORE ELEMENTS.')
46 PRINT 100
100 FORMAT(Y READY'})
DO 45 1=1,220
45 INPUT(I) = IBLK
READ 201, (INPUT(I)sI=1,110)
DO 51 I=1,110
K = 1
IF(INPUT(K).EQ.ICON) GO TO 52
51 CONTINUE
201 FORMAT(120A1)
60 TO 53
LINE CONTINUED
52 READ 201, (INPUT(I),1=111,220)
INPUT(K) = IBLK
LOOK FOR EQUALS SIGN
IF APOSTROPHE, IGNORE WHMOLE LINE, ASSUME COMMENT
53 NO 54 1=1,220
KEQ = I
IF(INPUT(KEQ)EQOLIAP) GO TO 46
TF(INPUT(KEO) EO.IEO) GO TD 55
54 CONTINUE
NO EQUALS SIGN 1S IT CUMMAND
CALL COMAND ( INPUT yNMyE60 4654644 4846)
GO TO 46
44 RETURN

LOOK FOR LHS PARENS

55 DO 551 I=1,KEQ

KLP = 1

IF{INPUT(KLP)LEQLILP) GO TO 552
551 CONTINUE

GO 7O 560
552 DO 553 I=KLP,KEQ

KRP = 1

IFCINPUT(KRP) . EQL.IRP) GO TO 554
553 CONTINUE

GO T 49
554 DO 555 I=KLP.KRP
KCOM = ]

IF{INPUT(KCOM) LEQ.ICOM) 60O TO 556
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hu b CONT INUK

101
556
c
c
560
56
106
49
105
C
57
58
c
59
c
c
60
107
61
62
65
c
66
c
c
67

PRINT 101 ,

GFORMAT (VNN COMMA SFPARATING SUBSCRIPTS, LIMNE REJECTED.')
TGU TO 46

CALL NMPACK (INPUT 1 yKLP—1 sNMy o FALSE . »E5645849,846)
CALL FINDNM{MNM, INM, 860)
CALL REPAIR(INPUT,INM,KLPsKEQKRP,NM,E46)
GO TO 46
ASSUME REGULAR MATRIX MNAME LHS
PACK THE LEFT HAND NAME
INPUT(KED) = IBLK
CALL NMPACK({INPUT 31 4KEQO4NMy e FALSE«1656,8649,846)
GO T0O 57
PRINT 106, NM
FORMAT(* NAME HAS MORE THAM 8 CHARS. BEGINS WITH 1,2A4)
GO TO 46
PRINT 105
FORMAT(!' RESERVED CHARACTER USED IN NAME, LINE REJECTEN.')
GO TD 46
LOOK FOR OQUESTION MARK
DO 58 I=KEQ4220
IFCINPUT(I)EQ.IQM) GO TO 59
CONTINUE
GO TO 90
ASSUME NAME = ?
CALL FINDNM{NM, INM,&60)
NAME FOUND
NROWS = MATRIX(INM+3)
NCOLUM = MATRIX{INM+4)
CALL OUTPUT(MATRIX{INM+5),NROWS,NCOLUM)
GO TO 46
NAME NOT FOUND
PRINT 107, NM
FORMAT( 5X92A44 1 NOT FOUND, '}
GD TO 46
PRINT 107,NM1
GO 10 46
PRINT 106, NM1
GO 70 46
DO 66 1=KEQ,220

LOOK FOR VALID OPERATORS
K =1
IF{INPUTIK) .EQ.IM) GO TO 71
IF(INPUT(K)EQ.IA) GO TO 72
IF{INPUTIK).EQ.IS) GO TO 73
CONTINUE
NO * + DR — ENCOUNTERED. LOOK FDR INV OR DET.
LOOK FOR 1% D% TZ%
DO 67 I=KEQ,218
K =1
IFCINPUT(K) .EQ. IP) GO TD 68
CONTINUE
GO TO 5



68

5
109

69

70

71

12

10

11

A12

81

83
84
121

79

K =K -1
ITEMP = INPUTI(K)
IF{ITEMP EO. II) GO T0 74
IF(ITEMP LEQ, ID) GO TO 75
IF(ITEMP LEQ, IT) GO TO 69
IF(ITEMP LEOQ, IV} GO T0 70
IF(ITEMP.EQ.IE) GO TOD 81
IF{ ITEMP.EQ.IA2) GO T0O 10
IF( ITEMP.EQ.IS2) GO TO 11
IF({ ITEMP.EQ.IM2) GO TG 12
NO KEY THINGS FOUND
PRINT 109
FORMAT(' DID NOT SEE A 2 &+ OR VALID COMMAND OR QPERATUR.
1REJECTED.")
GO TO 46
DPERATOR CODES * 1 + 2 - 3 INV 4 DET 5
KODE = 6
GO TO 76
KODE = 8
GD 10 76
KDDE = 1
GD TO 76
KUDE = 2
G0 TO 76
KODE = 3
GO TO 76
KODE = 4
G0 TO 76
KODE = 5
GO TO 76
KODE = 9
GO TO 76
KODE = 10
G0 TO 76
KODE = 11
GO TO 76
KODE = 7
K = K + 1
INPUT(KJ)Y = ILP
INPUT(220) = IRP
CALL CNVTR{INPUTKJI922042,ARG,INM2,ICHARE76,683,684)
GO TO 76
ICHAR = ICOM
PRINT 121, ICHAR
FORMAT(' BAD CHARACTER 1,A4s' IN EXPONENT, LINE REJECTED,.')
GO TD 46
CHECK TO SEE IF LEFTHAND NAME IS NEW

OLh = FALSE.
CALL FINDNM{NM,INM,&79)
OLD- = +TRUE,
JJ = KEQ + 1
RESOLVE RIGHTHAND NAME(S).
INPUT(K]) = IBLK
CALL NMPACK {INPUT3JJ Ky NMLy o TRUE 446624849, 846)
CALL FINDNM{NML,INM1,&61)
NA =. MATRIX(INM1+3)
MA = MATRIX(INM1+4)
IF(KODE.GT.3 .AND, KODE.LT.9) GO 10 77

LINE



JJ = K+1
IF(KODE.GT.3) JJ = JJ + 1
CALL NMPACK{INPUT ¢ JJ92209NMLyo TRUE, 16624649, 846)
CALL FINDMM(NML,INMZ2,861)
NB = MATRIX(INMZ+3)
MB = MATRIX {(INM2+4)
PUT AWAY NEW NAME
77 CALL NMDEF (NM)
NAMES RESOLVED, READY TO DD ARITHMETIC
IN = TLAST - 1
CALL ARITH(KODE s IN, INML o INMZ gNAsMAJNByMB4NCyMC,8&80)
MATRIX{ILAST+2) NC
MATRIX(ILAST+3) MC
MATRIX{ILAST+1) = NC*MC + 5
TLAST = JTLAST + NC*MC + 3
IF{.NOT.OLD) GO TO 50
ERASE OLD NAME IN MIDDLE
CALL WIPE(INM}
GO TO 50
BAD MATCHUP ROWS AMD COLUMNS GO BACK
80 MATRIX(ILAST) = IBLK
MATRIX(ILAST~1) = IBLK
TLAST = ILAST - 2
NUM = fNUM - 1
GO TO 46
LOOK FOR COLON IF SO DEFINE MATRIX
90 DO 91 I=KEQ,190
KCOL = 1
TFUINPUT(TI) EQ. ICOL)Y 60 TO 92
91 CONTINUE
NO COLON FOUND ASSUME ARITH

GO TO 65

92 INPUT(KEQ) = ILP
KLP = KEO
KRP = KCOL + 1
INPUT(KRP) = IRP

95 NCOM = 0
CALL FINDNM(NM,INM,696)
ALREADY DEFINED
CALL WIPE(INM)
96 CALL NMDEF (NM)
COUNT THE FIRST COMMAS, FIND A SEMICOLON AT K .
DO 1 I=KLP,KCOL
K = 1
IFCINPUT(K) .EQ. ICOM) NCOM = NCOM + 1
TF(INPUT(K) «EQ.ISEM ,OR. INPUT(K).EN.ICOL) GO TO 2
CONT INUE
2 NCOLUM = NCOM + 1
NSEMI = 0
IF(INPUT(K) <EQ.ISEM) NSEMI = 1
IF(NCOLUM .LE. 10) GO TD 21
PRINT 102 _
102 FORMAT(' MORE THAN 10 COLUMNS. LINE REJECTED.')
GO TO 80
21 INPUT(K) = IRP

{wy
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COUNT THE SEMICULONS, COLON AT J .
DU 3 I=K,KCOL
J =1
IFCINPUT(Y) JEO. ISEM) NSEMI = NSEMI + 1
3 CONTINUE
4 NROWS = NSEMI + 1
IF(NROWS oLE. 10O) GO TO 41
PRINT 103
103 FORMAT(' MORE THAN 10 ROWS. LINE REJECTED.*)
G0 TO 80
41 MATRIX(ILAST+1)
MATRIX(TLAST+2)
MATRIX(ILAST+3}
ILAST = TLAST +
CALL CHANGE{IMPUT,MATRIX{ILAST+1) ¢yNROWS NCOLUM,E9T)
TLAST = TLAST + NROWSHNCOLUM

NROWSHMCOLUM + 5
NROWS
NCOLUM

ou

[8N)

GO TO 50
C GO BACK 3y CONVERSION FAILFED .
97 TLAST = TLAST - 3
GO TO 8O
END

@l

%UBROUTINF NMPACK(INPUT Kl,Jl,NM,ULD,o *,4
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ISLL AND ISRL ARE ASSEMBLY LANGUAGE ROUTINES IN OUR SYSTEM
ISLLENN, IWORD)  SHIFTS I%4 IWORD NN BITS TO LEFT
ISRLINN, IWORD) SHIFTS I%4 IWORD NN BITS TO RIGHT

do e e be sle wle sbe alde sle Wls sty wle e wle wle wlo wlo sl sl ale sl gla ol ol V e e \K, whe ala e e abe wbeote ols o
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TAKES THE JUNK IN INPUT(K) TO INPUT(J) AND
PACKS IT INTO A NAME IF IT LESS THAN 9 NON-BLANK CHARACTERS
RETURN 1 MORE THAN 8 CHARS
RETURN 2 OPERATOR IN MAME
RETURN 3 BLANKS FOUND
LOGICAL OLD
DIMENSION NM(2),INPUT(1)
DATA IBL,IPL,IMIZTAS,IPER,IOM,ICOL,IEQ,ILP,IRP

b / ' l’|+l’l~|’l:“:l'|%l,!?l,lgl,l:l,l(l,i)l /

COOOOOONOOO N0
P

J = Ji

K = K1l

NM(1) = IBL
NM(2) = IBL

KTR = 0

TFLOLDY GO T 3
DO 1 I=KeJ

In = INPUTI(I)

TF{INLEQ.IPL JORs INLEQLIMI JOR. INGEQLIAS JOR. INJEQJIPERIGD TO 6
IF(INGEOLILP UR. INJEQLJIRP) GO TO 6

TE(INGFOIOM JOR. INGEN,ICHOL ORe INJEQ.TEQ) GU TO 6

e e e ate Ao abe e wie wle sle WTp whe afe wle ale afe wls s b sl whe wle wle ats Vo wle e Ale sl sls ate -
soso slessk Sla s, X )

21
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1 CONTINUE
3 DO 4 I=Kyd
ITEMP = INPUT(I)
IF(ITEMP.EQL.IBL) GO TO 4
KTR = KTR + 1
IF(KTR.GT,8) GO TO 5
NM(1) = ISLL{8,NM(1)}) + ISRL(244NM(2))
NM(2) = ISLL(B,NM{2)}) + ISRL(24,ITEMP)
4 CONTINUE
IF{KTR.EN,O) GO TO 7
RETURN
RETURN 1
RETURN 2
PRINT 11
FORMAT(' BLANK(S) FOUND WHERE NAME, COMMAND, OR REPLY REQUIRED, R
FE-ENTER ')
RETURN 3
END

-3 O

DEFINE NAME AND PUT IT IN BIG ARRAY
SUBROUTINE NMDEF(NM)
DIMENSION NM(2), INPUT(1)
COMMON/MATE/ NUM, ILAST,MATRIX{(1500)
NUM = NUM + 1
ILAST = ILAST + 2
MATRIX(ILAST) = NM(2)
MATRIX(ILAST-1) = NM(1)
RETURN
END

SEARCH FOR NAME
RETURN 1 NM NOT FOUND
RETURN NM{1) AT MATRIX(INM)
SUBROUTINE FINDNM(NM, INM,*)
DIMENSTON NM(2)
COMMON/MATE/ NUM, ILAST MATRIX{1500)
J =1
DO 10 I=1,NUM
TF(NM(1) JEQ.MATRIX(J) <AND. NM(2).EQO.MATRIX(J+1)} GO TO 15
J = J + MATRIX(J+2)
10 CONTINUE
RETURN 1
15 INM = J
RETURN
END
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ERASES MATRIX NM, MOVES EVERYTHING BRELOW UP
SUBROUTINE WIPE(II}
COMMON/MATE/ NUMsILAST,MATRIX{(1500}
INM = 11
IDEL = MATRIX{INM+2)
IST = INM + IDEL
IEND = IST - 1
DO 2 I=INM,IEND
2 MATRIX(I} = O
DO 1 I=IST,ILAST
J = 1 = IDEL
MATRIX(J) = MATRIX(I)
1 CONTINUE
TLAST = TLAST - IDEL
NUM = NUM - 1
RETURN
END

THIS IS THE ONLY WAY TO GET STUFF OUT
SUBROUTINE OUTPUT({ARRAY 4NR4NC)
DIMENSION ARRAY (NR,NC)

NROWS = NR
NCOLUM = NC
IF(NROWS +EQ. 1) GO TO 15
DO 10 1=1,NROWS

10 PRINT 101, 1,(ARRAY(I+J)yJd=1,NCOLUM)
RETURN

15 PRINT 102y {(ARRAY{1,J),J=1,NCOLUM)
RETURN

101 FORMAT(' ROW?!31I3,5G14464/95X95G14.6)

102 FORMAT(5X35G1l4e645/95X45614.6)
END

SUBROUTINE REPAIR{INPUT yINM¢ELP,TEQsKRP ¢NMy3k)
PRINT QUT OR REPLACE INDIVIDUAL ENTRIES
RETURN 1 BAD SUBSCRIPT UR MNUMBER

DIMENSTON INPUT(1),MM(2)

COMMON/MATE/ NUM,ILAST,MATRIX{1500)

DATA IRP,ILP,IOM,ICOM / )i, ({1, 120,8,% /

IPT = INM

NROW MATRIX{IPT+3)

NCOL MATRIX({IPT+4)

o



c CONVERT THE SUBSCRIPTS
KKK = KLP
DO 2 I=1,2
CALL CNVTR(OINPUT KKK sKRP423ARG,TARG,ICHAR,E15,81,&15)
ICOL = IARG
GO TO 3
1 IROW = IARG
2 CONTINUE
3 IF(IROWWLE.O oORs ICOLGLELO +ORe IROWGT.NROW .OR. ICOL.GT.
* NCOL) GO 70 14

c SUBSCRIPTS OK
C GET POINTER TO PROPER ENTRY

IPT2 = NROW®(ICOL-1) + IROW + IPT+k
c IS THERE A QUESTION MARK

Do 5 I=1EG,190
IFCINPUT(T) .EQ. IOM) GO TO 9
5 CONTINUE

c oo sNDy ASSUME MNUMBER

INPUT(190) = [IRP
INPUT(TIEQ) = ILP
CALL CNVTR{INPUT,1EQs190,19IANSTARGyICHAR,&6,87468)

6 MATRIX(IPT2) = IANS
GO T0 10

7 ICHAR = ICOM

8 PRINT 103, ICHAR

103 FORMAT(' BAD CHARACTER *,A4,' IN A NUMBER, LINE REJECTED.')

GO 70 20

C eesYESy WRITE IT OUT
9 CALL OUTPUT(MATRIX(IPT2),1,1)
10 RETURN
C SUBSCRIPTS OQUT OF BOUNDS
14 PRINT 101, NM,NRUOW,NCOL
101 FORMAT(' SUBSCRIPT{S) OUT OF RANGE, ',2A4," HAS ',12,
* P ROWS, ',12,' COLUMNS,')
GO TO 20
C BAD SUBSCRIPT
15 PRINT 102, ICHAR
102 FORMAT(® BAD CHARACTER ",A4,' IN SUBSCRIPT, LINE REJECTED.?}
20 RETURN 1
END

SUBROUTINE CHANGE(INPUT 4ARRAY ¢ NROWS s NCOLAM %)
C CONVERTS THE INPUT STRING TO R%*4 NUMRBRERS, PUTS INTO /MATE/

DIMENSTON INPUT(1),INTEMP(90) +ARRAY {NROWS,NCOLAM)
COMMON/PASS/ KLP4KRP K, J

DATA ILP,IRP,ISEMsICOM,ICOL / T(¥,t )0, 0,0, 0 081 /
DATA INTEMP(1),INTEMP(90)/*(*,)/

NCOLUM = NCOLAM

24



CONVERT THE FIRST ROW
KKK = KLP
DO 5 I=1,NCOLUM ,
CALL CNVTR{INPUT KKK ¢KRP314ANSsGARBy ICHAR 6204,610,4,864)
ROW DANE
ARRAY(1l,1) = ANS
GO 10 6
BAD CHARACTER , RE-ENTER
1 ICHAR = ICDM
4 PRINT 103, ICHAR,IT
PRINT 105
READ 201y (INTEMP(ITI)111=24+89)
L =1
CALL- CNVTR{INTEMP,41L 490451 4ANSsGARB,ICHAR,8E20,81,864)
SKIP ON TO NEXT COLUMN { THANKS DUE TO EVA)
DO 2 12=KKK,KRP
ITT = INPUT(I2)
IF{ITT.EQ.ICOM)} GO TG 3
TF(ITT.EQ.ISEM JOR. ITTLEQ.ICOL) GO TO 6
CONT INUE
3 KKK = 12
NUMBER DONE, ROW NOT YET DONE
10 ARRAYI{1,I) = ANS
IF(T.EQ.NCOLUM)Y GO TO 6
5 CONTINUE
20 PRINT 102
102 FORMAT(' NO RIGHT PAREN, SOMETHING REALLY WRONG.')
RETURN 1
103 FORMATA(Y BAD CHARACTER ',A4,', ROW. 1 o COLUMNI,TI3)
105 FORMAT(?' RE-ENTER NUMBER FOR THIS ENTRY. DEFAULT: ZERD.?)
201 FORMAT(88A1)
DO ROW SUB KTR
6 KTR = 2
TF{NROWS.EOQ,1) RETURN
INPUT(K) = ILP
NCOM = O
DO 8 I=Ked
K2 =1
IF{INPUT(KZ) L EQ.ISEM,ORINPUT(KZ).EQ.ICOL)Y GO TO 9
IF(INPUT{K2) EO. ICUM) NCOM = NCOM + 1
! CONTINUE
FOUND NEXT SEMICOLON, MOVE RIGHT TOD K2y SAVE LEFT K
9 NMAX = NCOM + 1
IF (NCOLUM~NMAX) 23411,4,21
21 PRINT 107, KTR
107 FORMAT(' WARNINGS ROW'4I3,' IS TOU SHORT ANMD HAS BEEN PADDED WITH
* ZBEROS.Y)
PAD IT
NMAX = NMAX + 1
DO 22 I=NMAX4,NCOLUM
22 ARRAY(KTR,1I) = 0.0
GO TO 11
23 PRINT 104, KTR :
104 FORMAT(' WARNING s ROWY,13,' IS TOO LOUNG AND HAS BEEN TRUNCATED. ')
CONVERT THE ROW
11 INPUT(KZ2) = IRP
KKK = K
DO 15 I=1,NCOLUM
CALL CNVTR{INPUT yKKK ¢yKRP 41 5ANS sGARB,ICHAR,8620,8612,8614)

N

~

25



C ROW DONE

ARRAY (KTR, 1) = ANS

GO TO 16

24 ICHAR = 1COM
14 PRINT 106, ICHAR,KTR,I
106 FORMAT(' BAD CHARACTER ?,A4,' . ROW',13,' COLUMN',I3 )

PRINT 105

READ 201, (INTEMP(I11),I11=2,89)

L =1

CALL CNVTR(INTEMP,L 9051 ,ANS,GARB,ICHAR 620,824 4814)
c SKIP ON TO NEXT COLUMN

DU 17 I2=KKK,KRP

ITT = INPUT(12)

IF(ITT.EQ.ICOM) GU TO 18

IF(ITT.EQ.ISEM .OR. ITT.EQ.ICOL) GO TO 16

17 CONTINUE
18 KKK = I2 ,
c NUMBER DONE, ROW NOT YET DONE
12 ARRAY(KTR,1) = ANS
15 CONTINUE
16 KTR = KTR + 1
IF(KTR.GT. NROWS) RETURN

K = K2
GO TO 7
END

C
SUBROUTINE CNVTROINPUT 9KTRyMAXs TYPE9ARGL §ARG2yCHAR g% 4% 43 )
(Csie i sie e slesie e sl ofe e sl Sie oy sie e sje sl sl 3y sy ofe sl 3je 3je e ol 3l ok e 3l 3 sl 3 sl sle ofe sfk sfe sl e sfe o sl slesie sje e sl sie sje e sl sl sl esiesie sie e e sk s e sle sk sl s
c SUBROUTINE TO CONVERT A TYPE INPUT T FLOATING POINT NUMBERS
C INPUT ARRAY OF CHARACTERS. ONE PER WORD LEFT ADJ.
c KTR INDEX OF FIRST WORD OF ARRAY TO BE CONSIDERED
C MAX DIMENSION OF INPUT
C TYPE =1 REAL*4, =2 INTEGER:k4
C ARG1 REAL*4 ANS
c ARG2 INTEGER#*4 ANS
c CHAR BAD CHARACTER IF FOUND
C RETURN NEXT CHARACTER ) RESULT GOOD
C RETURN 1 NO o OR ) FOUND RESULT ZERO
C RETURN 2 NEXT CHARACTER 4 RESULT GOOD
c RETURN 3 BAD CHARACTER RESULT ZERO
C i eaiesiesdeste s e e s sk sl sttt sk ot e el s st st st st s sk s e s e e e s sl ool sl s e s il sk sk ok s

INTEGER INPUT(1)TYPE,TEMP,TEMP1,CHAR

REAL*4 ARG

INTEGER*4 ARG2

INTEGER BLK4RP,PLyDPSE,CM

LOGICAL SIN

DATA MASK]1 ¢BLKsLPaRP,PLyMIoDP,ELCHM
¥/ IF0404040,% P,V (T8 )1 bt bt b 4 EY 1

IEXP = 0O
P =1
ISGM =1
ARGl = 0.0

26 .



10

11

13

14

15

151

16

17

18

19

ARGZ2 = O

SIN = LFALSE.
SIGN = 1.0
NUM = 1
ISTART = KTR

DO 20 I=ISTART,MAX

KTR = 1

TEMP = INPUT(I)

ITF(TEMP.EQ.BLK)

GO TO 20

GO TO (ngygygyqu),'\‘l”\’]
TF{TEMP JNESLPLANDJTEMP . NELCM) GO TO 23

NUM = 2
GO TO 20

IF(TEMP.ENDLRP.IRLTEMP EQLCM) GO TO 22
GO TO (1051041351551 7,19),NUM

NUM = 3
TF(TEMP «NELPL)

GO TO

11

IF(SIN JANMDe TYPELEN.2) GO T 23

SIN = JTRUE.
G0 TO 20
IF(TEMP.NELMI)

GO 7O

13

TF{SIN AND. TYPE.EO.2) GO TO 23

SIN = TRUF.
SIGN = =1.0
GU TO 20
IF(TEMPLEQLE)
IF({TEMP . NE.DP)
IF(TYPEL.EO,2)
NUM = 4

GO T 20

GO TO 15
GO TO
GO TO 23

1
14

TEMPL = ISRL(24,TEMP—MASKL)
TF(TEMPL . LT.0,0R.TEMP1,6T.9) GO TO 23

IF(TYPELED.1)

IF(TYPE.EN.2)
GO TO 20
TF(TEMP .NELE)
NUM = 5
IF(TYPE.EN.2)
GO TO 20

ARGLl =
ARG2 = A

G0 TO 16

GO TO 23

ARGL*10.0+FLOAT(TEMPL)
RG2#10+TEMPY

TEMPL = ISRL{24,TEMP—~MASKL)
TF(TEMPLLTe0NRLTEMPL.GTL9) GO TO 23

IF(TYPE.EQL1)
Ip = 1P+1

GO TO 20

NUM = 6
IF{TEMPNELPL)
Gu TO 20
IF(TEMP JNE.MI)
ISGN = -1

GO TD 20

ARG1 =

GO 10

GO 70

ARGL+FLOAT(TEMPL)/10.0%%IP

18

19

TEMP1 = ISRL{24,TEMP-MASKL)
IF(TEMPLLT.0.0R.TEMPL.GT.9)} GO TO 23
TEXP = TEXP*10+TEMP1

27
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20 CONTINUE
ARGl = 0.0
ARG2 = O
RETURN 1

22 IF(TYPELEO.1) ARGL = SIGN*ARG1I*10.0%k(ISGNRIEXP)
IF(TEMP.EG.CM) RETURN 2
RETURN

23 ARG1
ARGZ2
CHAR
RETURN
END

-0

oo

0
0
T
3

SUBROUTINE COMAND (TNPUT g NM i yx ok %)

IF ERASE, CALL WIPE

IF DUMP, CALL DUMP

RETURN 1 NAME NOT DEFINED
RETURN 2 INVALID COMMAND
RETURN 3 SAID STOP DR QUIT
RETURN 4 ALL BLANKS FOUND

e e sje S sievk ) o e @ 3 3i< 3¢ 2 3l e sk sl ic 2 e s e sie e <3l 3ie 3l sk s sl ok
& 3 s 3 Bl s B ek e R sl S s e 316 i e S S S 5 2 o R At S Nkl Sl sl sk, SIS K

NDIMENSION INPUT(19O)1NM(2),IFRAS(Z)
NATA ILP,IRP TERAS,IRBLKsTQUITLIDUMP/Y(V,1) 0,0 Ef,fRASE?,
4 L IOUITH, 0DUMPY /
DATA ISTUP/‘STOP /
LOBK FOR PARENS
DO 1 I=1,190
KLP = 1
IFCINPUT(I)ED.ILP) GO TO 2
1 CONTINUE
IS IT QUIT
CALL NMPACK{INPUT$15,190,NM,; s TRUE.384,864,89)
TF(NM{1) .NE.IBLK) GO TO 4
TFIMM(2) dNELTQUIT oANDe NM(2)} ,NELISTOP}) GO TO 7
RETURM 3
IS IT DUMP
7 IFINM{2) oNE. IDUMP) GO TO 4
CALL DUMPY

GO TDO 8
2 DD 3 I=KLP,190
KRP = 1

IFCINPUT(I) LEDLIRP) GO TO 5
3 CONTINUE
4 RETURMN 2-
PACK ERASE
5 INPUT(KLP) = IBLK
CALL NMPACK(INPUT ) KLP¢NMy o TRUE ¢ 98E49864489)
TF(NM({1) NE.TERAS(1]) +OR. MM{2) ,NE.IERAS(2}) GO TO 4



COMMAND 0K
CALL NMPACK{INPUT ;KLP+1 4KRP~1 4NMy cFALSE.8445E84,489)
CALL FINDNM(NM,INM,66)
CALL WIPE(INM)
8 RETURN
6 RETURN 1
9 RETURN 4
END

-

SUBROUTINE DUMPY

TELLS USER WHAT 1S IN BIG ARRAY
COMMON/MATE/ NUM,ILAST,MATRIX{1500)
IF(NUM.GT.0) GO TO 1
PRINT 103
GO TO 20

1 IF{NUNM,GT.1) GO TO 2
PRINT 104
GO TO 3
PRINT 101, NUM
J =1
DO 10 I=1,NUM
NR = MATRIX(J+3)
NC = MATRIX{J+4)
IF{NR.EQ.1 oAND., NC,EQ.1) GO TO 5
MATRIX PROPER
PRINT 102, MATRIX{J)sMATRIX(J+1)4NRyNC
GO T0 6
SCALAR
5 PRINT 105, MATRIX{J}¢MATRIX({J+1)
6 J = 3+ MATRIX{J+2)
10 CONTINUE
20 RETURN
101 FORMAT(' YOU HAVE DEFINED *,12,7 MATRICES.')
102 FORMAT(5Xs2A4s5X s PHASY 313, % ROWS* 13,1 COLUMNS.?)
103 FORMAT(' NGO MATRICES DEFINED.Y)
104 FORMAT(' YDU HAVE DEFINED ONE MATRIX.')
105 FORMAT({5Xs2A4,5X,%1S A SCALAR.')
END

[EVENV]



SUBRDUTINE ARTTH(KK y INMy TNMLy TNM2 yN1 ML g N2 M2 4 NC 5 MC 4%

€ =t sl sie e e s ol vie 2ie g sig 3ie 3¢ e sl sl afe e s ie i e sie e weosie e e sl 3ie 3¢ ik e sl sfe s sl sfe e sl sle s i 3k s sfeosle sl e s sie sfe sjesle sl sfe sfe e sl s s e sie e sfe e sle sl sl e

C

c ARITH!'S JOB IS TO DEFINE THE ANSWER MATRIX ENTRIES AND SIZE

C THIS ONE USES FP NUMBERS 1IN THE COMMON

C KODE TABLE FOLLOWS .

C =% P2ee—t Fe——=  4——INV  5--DET 6-—-TRANS 7-—-POUOWER

c 8—=FIGEN 9--DIAGADD 10--DIAGSUB 11~-DIAGMULT

C

C 3w iz 3je e =l sl 3 3 e 3ie sieie e e i e sje gk e Bt e s sje s sle sl e it e i e s sk e sfe e e sje sl ik e e e sl sje s sfe sje sl sie sle sl ol sle sie sl se sk sie st sl sfe e sl slensie o ok
COMMON/MATE/ NUM,ILAST,RMATRX(1500)
KODE = KK

IND = INM + 5
INDL = INML + 5
NA = N1
MA = M1
GO TO (1341341304449 704494413413,13) 4 KODE

13 IND2 = [NM2 + 5
NB N2
MB = M2
ITF{MALEDL,]1 JAND. NALEQL.1) GO TO 20
TF{MR.EQ.1 JANDS. NMB.EDL.1) GO TN 21
TF{(KODE.LFELB8) GO TO 12
PRINT 102

102 FORMAT(¢® OPERATOR NOT APPLICABLE FOR MATRICES.')

GO TO 11 '

12 GO TO (1929394943 T44494) o KUDE

1 CALL MULMAT(RMATRX(INDL) 4RMATRX(INDZ)+sRMATRX{IND) yNAJMASNB,MBsE1L)
NC = NA
MC = MB
GO TO 10

72 CALL ADDMAT{RMATRX{INDL) RMATRX(IND2)sRMATRX(IND)sNAJMASNB,MB,&11)
NC = NA
MC = MA
GO T4 10

3 CALL SUBMAT{RMATRX(IND1) ¢RMATRX(INDZ) RMATRX{IND}sNAsMA,NByMB,&11)

NC = NA
MC = MA
GO TO 10

4 ITF(MACEQ.NAY GO TO S
41 PRINT 101
101 FORMAT(' QPERATIDON NOT DEFIMED FOR NON-SQUARE MATRIX.')
GO TO 11
5 IF(KODF.ED.B) GO TO 6
IF(KODELEQL.T) GO TO 8
IF(KODE.EQ.8) GO TO 9
51 CALL MATINV(RMATRX(IND1)RMATRX(IND),MA,E11)

MC = MA
NC = MA
GO 70 10

6 CALL DETER(RMATRX(INDL),RMATRX(IND) MA,DET,&11)
RMATRX{IND) = DET
MC = 1
NC = 1
GO 7010
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OO0

O

10
11

20

24
25
26
27
28
29
30
32

33

fC NA
NC A
CALL TRANS{RMATRX({INDY )} RMATRX(IND) sNA,MA)
G TH 10

CALL EXPO(RMATRX(CINDL) yRMATRX(IND) 3RMATRX(1400) 4MA, TNM2)
MC = MA

NC = MA
G TO 10
IND2 IND + MA

CALL EIGEN(RMATRX(1400) ,RMATRX(INDL) RMATRX{IIND) 4RMATRX{INDZ2) ,MA)
MC =
MC = NA
RETURN

RETURN 1

N

SCALAR 1S INVOULVED
IT IS A
ISCALE = 1
NC = NA
MC = MB
GO TO 22
IT IS B
ISCALE = 2
NC = NA
MC = MA
GO TO (2392494259 b b9 T9bebe26426426) 4 KUODE
KODE 2 3
GO 10 30 -
KODF 2 1
GO TO 30
KUDEZ
GO TO 30

W

1]

2

GO 7O (27,28) , ISCALE

IF(NB.NE.MR) GO TO 41

GO TH 29

IF(NAJNE,MAY GO TO 41

KODEZ2 = KODE - 5

GO TO (32,33) 4 ISCALE

CALL SCALAR{RMATRX(INDL) 4RMATRX{INDZ) sRMATRX{IND) 4NByMB,KODEZ)
G0 70 10

CALL SCALAR(RMATRX(INDZ) yRMATRX{INDL) 4RMATRX(IND) sNA,MA,KODEZ)
GO TO 10

END

SUBROUTINE ADDMAT(A,B,CsNAsMASNB,MB,%)
PERFORMS MATRIX ADDITION

LOGICAL PLUS

DIMENSION A{(NA,MA),B{NB,MB),C(NA,MA)

PLUS = JTRUE,
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1

NA

MA

N2 NB

M2 MB

IF(M1.EQ.M2) GO TO 2
PRINT 101

N1
M1

101 FORMAT{® MATRICES HAVE DIFFERENT NO., OF COLUMNS,
¥Det)

RETURN 1

2 IF(N1.EQ.N2) GO TO 3

PRINT 102

OPERATION IGNORE

102 FORMAT(' MATRiCES HAVE DIFFERENT NO. OF ROWS., OPERATION IGNORED.!
* )

OO

[aNel

3

RETURN 1

IF(PLUS) GO TO 5

DO 4 I=1,M1

DO 4 J=1,N1

Cldel) = A(Jel) — B(JyI)

RETURN

CONTINUE

DO 6 I=1,Ml

DO 6 J=1,N1

CldsI) = A(J,1) + B(Js1)

RETURN

ENTRY SUBMAT(A4ByCyNAsMASNB,MB,*)
PERFORMS MATRIX SUBTRACTION

PLUS = oFALSE,

GO TD 1

END

SUBROUTINE MULMAT(AsB,CsNAyMAZNB,MBg*)
PERFORMS MATRIX MULTIPLICATION

PERFORMS A*B NOT REPEAT NOT Bx*A
DIMENSION A(NAyMA),B{NByMB),C(NA,MB)

N1 = NA

M1l = MA

N2 = NB

M2 = MB

IF(M1.EQ.N2) GO TO 1
PRINT 101

101 FORMAT(®* FIRST NO., COLUMNS NOT EQUAL SECOND NO.
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%*

' MATRIX MULTIPLY REQUEST IGNORED.?')
RETURN 1
CONTINUE
b0 2 I=1,M2
DO 2 J=14Nl
C(JyI) = 0,
DO 3 I=1,M1
DO 3 J=1,M2
DO 3 K=1,N1
ClKyd) = CUKeJ) + A(K,I)%B(I4J)
RETURN
END

ROHS.',/’



[aEaNe)

[eXnluEel

10
11
15

16

20

21

22

23

25
26

30
31
50

FORMS THE TRANSPOSE OF A
SUBROUTINE TRANS(A,C,NA,MA)
DIMENSTION A(NA,MA),C({MA,NA)
bo 1 I=1,MA
DO 1 J=1,NA
Clisd) = Al(J,1)

RETURN
END

PERFORMS MIXED ARITHMETIC
A IS THE SCALAR
KODE=1,2,3 SCALAR ADD,SUBTRACT, MULTIPLY
KODE=4,5,6 SCALAR DIAGONAL ADD,SUBTRACT MULTIPLY
SUBROUTINE SCALAR(A,B,C,NB,sMB,KKK)
DIMENSION B{(NB,MB},C{NBsMB)
KODE = KKK
N = NB
M = MB
GO TO (5,10415,20,204,20) 4 KODE
DO 6 I=1,M
DO 6 J=14N
ClJdyI) = B(J,1)
GU 70 50
DO 11 I=1,M
DO 11 J=1.N
ClJyI) = BLJI,I)
GO 70 50
DO 16 I=1,M
DD 16 J=1,N
CldsI) = B(JHI)
GO TO 50
DIAGONAL OPERATIONS
DO 21 1I=1,M
DO 21 J=1,N
Cld,I) = BUJ,I}
KODE = KODE - 3
GO TO (22,25,30) , KODE
DG 23 I=1,M
ClIoI) = Cl{I,I) + A
GO TO 50
DO 26 I=14M
ClIoI) = C{I+I) — A
GO 10 50
DO 31 I=1,M
ClIoI) = C(I41) * A
RETURN
END

+
>

i
>

A

3%
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c TAKES MATRIX A TO POWER IEXP, ANSWER IN B
SUBROUTINE EXPO(A,BsCoNA,IE)}
DIMENSION A{NASNA) B(NAJNA) C(NA,JNA)
IPOW = IE
MA = NA
DO 1 I=1,MA
DO 1 J=1,MA

1 B{Jy1) = 0.0
IF(IPOW.LELO) GO TO 10
IF(IPOW.EQ.1) GD TO 8
DO 2 1=1,MA
DO 2 J=1,MA

2 ClJdyI) = A(d,1)

C INITIALIZATION COMPLETE
IPOW = IPOW - 1
DO 7 T1=1,1IPOW

c PUT A%*C IN B
DO 3 I=1,MA
DO 3 J=1,MA
DO 3 K=1,MA

3 B(Ked) = B(KyJd) + A(K,T)%C(1,J)
C ARE WE DONE
IF(IT.EQ.IPOW) GO TO 20
C SAVE B IN C

DO 4 I=1,MA
DO 4 J=1,MA
4 C{Js1) = B(J,1)
C NOW PUT O IN B
DG 5 I=1,MA
DO 5 J=1,MA
5 B(JyI) = 0.0
7 CONTINUE
GO T0 20
8 DO 9 I=14MA
DO 9 J=1,MA
9 B{JsI) = A(J,s1)

GO TO 20
C
c
o
10 BO 11 I=1,MA
11 B(T,I)=1.0
20 RETURN
END
C
C
C INVERTS AA, INVERSE IN C

SUBROUTINE MATINV(AA,C,MX4%*}
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CaveaeMATRIX [NVFRSION BY GLANNS, ~ )20 AN &1 [8M{Md [N
LOGICAL MAT M
DUOURBLE PRFCISTHUN Ay 8, bufi, v
DIMENSTON AA{MAGME)Y L EMX ML) o £{ 10,10
DIMENSION Y(104310) 4702517, 10),%110)
EQUIVALENCE (Y,2)
EQUIVALENCE (ABCDE,EDCRA)
DATA DELT9EPS/.0001,4,1E~7/
MATIN=.TRUE,
GO TO 1
Ceeose ENTRY FOR OBTAINING DETERMINANT NOF INODT MATR[X
ENTRY DETER{AA,C¢MX4DET y%)
MATIN=,FALSE.
Ceowse INITIALIZE RUUTINE AND TEST MX (=0DRUGER 0OF MAT2[X)
1 M=MX
ABCDE = E
DO 50 I=1
DO 50 J=1
50 X(J,I) =
IF(M.GT.1) GO TO 5
2 PROD=X(1,1)
IF(PROD.NE,O,0) GO TO 4
3 IF(MATIN) GO TO 25
DET = 0.0
RETURN
25 PRINT 101
101 FORMAT{? SINGULAR MATRIX. INVERSE NOT PERFORMED,.!')
RETURN 1
4 X{1ls1}=1.0/PROD
GO TO 23
5 PROD=1.0
MM=M-1
DO 6 I=1,M
K{1)=1
DO 6 J=14M
6 Y(]yJ)=X(I,J)
CevoesBEGIN BY FINDING LARGEST PIVOTAL ELEMENT
DO 11 I=1,M
A = 0.,0D0
DO 7 J=1,M
IF(DABS({Y(Jy1)) LE., A) GO TO 7
A = DABS(Y(J,1))
L=J
7 CONTINUE
IF(A .EQ. 0.0D0) GO TO 3
Coseoe REARRANGE ROWS AND ORDER ARRAY
N=K(L)
K(L)=K(I)
K(T)=N
bO 8 J=17M
A=Y{1,J)
Y{T,J)=Y(LyJ)
8 Y{LyJ)=A
Ceoes«REDUCE PIVOTAL ROW
A=Y{(T,1)
IF(.NOTMATIN) PROD=PROD*A
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DO 9 J=1,MM
9 Y(I,J)=Y(I,J+1)/A
Y{IsM) = 1,0D0/A
CeeoesREDUCE REMAINING ROWS
DO 11 L=1,M
IF(L.EQ.I) GO 7O 11
A':Y(Lyl)
DO 10 N=1,MM
Y(LINI=Y (Lo N+1)=AXY (T ,N)

10 IF(DABS{Y{LsN)) LT. (EPS*DABSI{Y(L4N+1)))) Y{(LsN) = 0,0D0
Y{LyM)==A%Y{I,M)

11 CONTINUE

Ceoeeo INSCRAMBLE INVERTED MATRIX
DO 15 I=14M
IF(K{I).EQ.,I) GO TO 15
PROD=-PROD
DO 12 J=1,M
IF(K{J).EQ.1I) GO TO 13

12 CONTINUE
GO 70 3

13 DO 14 L=1,M
A=Y(L,y1)

Y(LyI)=Y(L,d)

14 YiLyJ)=A
K{Jr=K(1)

15 CONTINUE
IF({<NOT.MATIN) GO TO 23

CoeooesOBTAIN ERROR MATRIX
TEST=0.0
DO 17 I=1eM
DO 17 J=1,M
R=0,0
DO 16 L=1,M

16 R=R=Z({1,LsJ)*X(1I,L)
IF{I.EQ.J) R = R + 1.0D0
TEST = AMAXL(TEST,SNGL(DABS(R)))

17 Z(2514J)=R
DO 19 I=1;M
DO 19 J=1,M
A = 0,0D0
DO 18 L=14M

18 A=A+Z{1414L)*Z(2,L4J)

19 Z(1,193)=2(1415J)+A
IF{TEST.LEL.DELT) GO TO 21
PRINT 102

102 FORMAT(* MATRIX ILL-CONDITIONED. INVERSE MAY BE INACCURATE.')
Ceeooe TRANSFER FINAL INVERSE

21 DO 22 I=14.M
DO 22 J=1,M

22 C (14d) = Z{1l,y1,4)

23 IF{M.EQ.L) C(lye1l) = X{1l41)
DET=PROD
RETURN
END
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120

125

SUBROUTINE EIGEN(A;B,EVRsEVI,NN)

REAL#*4 S(10),MAX

REAL#*8 T

COMPLEX R(10)

DIMENSTION A(NNyNN)B{NN,NN),EVR{NN) ,EVI{NN)
DATA EP/S5.E-6/

M = NN

DO 210 I=1,M
DO 210 K=14M

SUM = SUM + ABS(A{K,I))
EPS = EP®SUM/FLDAT(M*M)
MMI = M ~ 1

NM1 = M

N = NM1

NMI = N -~ 1

IF{N.EQ.1) GO TO 125

MAX = Q.

DO 10 I=1,NM1
IF(MAX.GE.ABS(A(N,T})) GO TO 10
MAX = ABS({A{N+I))

iIC =1

CONTINUE

IF(MAX.LE.EPS) GO TO 125
IF{IC.EQ.NM1) GO TO 40
DU 20 K=1l,4N

D = A(KyNM1)

A(KyNML) = A(K,IC)
A(K,IC) = D

DO 30 I=1,M

D = A(NM1,1)

A(NM1,1I) = ALIC,T)
A(ICsI) = D

D = 1o/A(NgNM1)

DO 50 I=1,M

S(I) = A(NsI)

A{Ny1) = —~A(N,I}*D
A{NyNM1} =D

DO 70 K=1,M

IF(K.EQO.NM1) GO TO 70

E = A{N,K)

DO 60 I=1,NM1

AlI4K) = A{I.K}+ A{I,NM1)}*E
CONT INUE

DO 80 I=1,NM1

DO 110 I=1,M

T = 0.0D0O

DO 100 K=1,NM1

T =T 4+ SIK)*A(K,T)
A(NM1,1) = T

DO 120 I=NM1l,MM1
A(NM1,1) = A(NM1,1I) + S(I+1)
GO 10 4

DO 130 I=NsM
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130 S{I) = =A(N,I)
L =M~ NML
CALL ROOTXX{S{N)sR(NR},L)
IF(N.EQ.1) GO TO 150
NR = NR + L
M = NM1
GO TO 3
150 DO 160 I=1,NN
EVR(I) = REAL(R(I)}
EVI{I} = AIMAG(R(I))
160 CONTINUE
RETURN
END

SUBROUTINE TO SOLVE POLYNOMIALS WITH ROOTS ORDER.LE.Z

SUBROUTINE ROOTXX{AsRyNN)

COMPLEX CMPLX4CONJGyCSQRT4AL14A12,A21,A22,A314A32,51,52,XsDX,
* TCsFOyFL4F2,4R

EQUIVALENCE (F0,A12),(F1,A22),(F25,A31),{TC,A1l)
* s (DX5A11),(S2,A32)

COMPLEX CZERO / (0440.) /

COMPLEX CONE / (la,0.) /

DIMENSION A{1},R(1)

DATA MAX,EPS / 35,.5E=5 /

N = NN

IF(N.EQ.1) GO TO 150

NPL = N + 1

DO 30 K=1,NN

KK = K
IF(A(N).NE.O.) GO TO 40
N=N=-1
30 R{K) = CZERD
40 FN = N
NM1 = N = 1
FNML = NM1
NP1 = N + 1
KS = KK

STL = A{N-1}/A(N)
ST2 = ST1*%2 - (A(N~2)%2.)/A(N)
ASSIGN 110 TO M1
45 ITF{KK.GT.NN) RETURN
KML = KK — 1
ASSIGN 70 TO M2
BEGIN 'ITERATION LOOP
DO 120 L=1,4MAX
GO TO M2,(70,50)



50

60

70

80
90

100
110

120

201
130

150

Al12 = CONE

A22 = CONE

A32 = CONE

DD 60 I=1,NM1

All = Al2

A12 = A(1) + X*All
A21 = A22

A22 = A12 + X%A21
A3l = A32

A32 = A22 + X¥A3]

F2 = A31+A31
FO = A(N) + X*Al2
IF(REAL(FO)sEQeDe <+ANDe AIMAG(FO).EQ.O.) GO TO 130

S1 = F1/FO

§S2 = S1%S1 - F2/FO
GO 10 80

X = CZERO

S1 = CMPLX{(ST1,0.)
§2 = CMPLX{ST2,40.)

ASSIGN 50 TO M2
GO TO M1,(110,90)
DO 100 I=KS,KM1

TC = 1.0/ (X-R{I))

S1 = S1 - TC

S2 = 52 - TC*TC

TC = FN/S1

DX = TC/(1s0 + CSQRT(FNM1I*(TC*S52/S51-1.0)))
X = X - DX’

IF(CABS{DX)/CABS(X) .LE. EPS) GO TO 130
CONTINUE

NN = KM}

PRINT 201

FORMAT (' #=WARNING*% EIGEN FAILED TO CONVERGE ON AN EIGENVALUE')
ASSIGN 90 TO M1

R{KK) = X

KK = KK + 1

IF(AIMAG(X)eEQeOs 0R. KK GT.NN) GO 70 45

RIKK) = CONJG{X)

KK = KK + 1

GD TO 45

R{1) = CMPLX{-A(1),0.)
RETURN

END
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