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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 FORTELAN program listings 
are also presented. 
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A CONVERSATIONAL APPROACH TO MATRIX CALCULATIONS - 
CONCEPTS AND IMPLEMENTATION 

by R. Bruce Canright, Jr. 

Lewis Research Center 

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. 

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. 

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. 

A computer program has been written which enables users to do matrix computations 

MATAR provides for simple input/output of matrices, matrix arithmetic, and 

INTROD UCTlON 

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. 

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



forced either to master a computer language or to work with a computer programmer who 
trandates his problem for the computer. However, there are some problems which 
shoulti 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 a re  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. 

MATRJX 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 promptly 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 s q p r e  
matrices. 

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 

The program stores matrices by names the user chooses and allows him to use 
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by name. Also, individual elements can be called out or altered. 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. 

have many uses, for example, in the study of linear systems and stability problems. 
These capabilities make matrix computations quick and simple. Such computations 

give 
information 

Diagnostics 
20, 21 

I 
4 

an apostrophe 
string I 

Assume 
arithmetic 
request 

Assume individual 

(fig. l(b)) (fig. Uf)) (fig. l(d) (fig. Ud)) 

(a) First breakdown of user input. 

Figure 1. - General flow of program logic. 
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Limitations of Program 

T6e 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. 

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 
a re  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. 

Storage of matrices is limited, both in the size of matrices and in the total number 

Is left 

+l--J Diagnostic 3 

(b) Utility request processing. (c) Output request processing. 

Figure 1. - Continued. 
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Logic lwitations allow rapid processing of correct commands, but can occasitxmlly 
cause the user some confusion. For example, the program regards my line with a colon 
on the right side of an equal sign as a definition of a matrix. Figure 1 shows the genera3 
€low of the logic used to translate commands typed in by the user. This figure is espe- 
cially intended to show why the diagnostic messages are issued. 

operator 

Yes 

19, 2.5 

(d) Definition request processing. 

Figure f .  - Continued. 

(e )  Arithmetic request processing. 
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P 
Valid 

name on left 
side? 1. 2, 3, 4 

- - =  8, 11, 12 

Redefine 
the entry 

( f l  Individual element request processing. 
Figure 1. - Concluded. 

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 a re  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. 
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l o a d  sample  
Lun sample  

YOU ARE U S I N G  A M A T R I X  A R I T H M E T I C  PROGRAM. 
WANT MORE INFORMATION? 

I RECOGNIZE THE FOLLOWING COMMAND FORMS: 
(1) N A M E l  = A l l ,A12, .  . .,AlM;APl, .. .,A2M;.. .;ANI,. . .,ANM:' 

( 2 )  N A M E l  = NAME2 OP , WHERE OP = 1 %  ( I N V E R S E )  0% (DETERMINANT)  

yes 

T H I S  D E F l  NES MATRl  X NAME1, ENTERED ROW BY ROW. 

T%(TRANSPOSE) P%N(TO POWER N)  OR E%(EIGENVALUES) - -  
T H I S  LAST D E F I N E S  N A M E l  TO BE A M A T R I X  WHOSE F I R S T  COLUMN 
IS THE REAL PARTS, AND WHOSE SECOND COLUMN I S  THE IMAG 
PARTS, OF THE EIGENVALUES OF M A T R I X  NAME2. 

( 3 )  N A M E l  = NAME2 OP NAME3 , WHERE OP = + - * 
( 4 )  N A M E l  = ? T H I S  OUTPUTS M A T R I X  N A M E l  
( 5 )  QUIT, OR STOP THESE CAUSE A RETURN. 
(6) DUMP T H I S  T E L L S  YOU A L L  M A T R I X  NAMES AND S I Z E S .  
( 7 )  ERASE(NAME1) T H I S  ERASES M A T R I X  CALLED NAME1. 
(8) N A M E l  = NAME2 OP NAME3 , WHERE OP = A%(DIAGONAL ADD), 

(9) NAMEl(N,M) = XX I F  XX IS ? , T H I S  OUTPUTS THE N A M E l  ELEMENT I N  ROW N, COLUMN M; 

S%(DIAGONAL SUBTRACT), OR M%(DIAGONAL M U L T l  PLY), AND NAME2 
OR NAME3 MUST BE A SCALAR. 

I F  XX I S  A NUMBER, I T  IS PLACED I N  THAT ELEMENT. 

YOU MAY USE TWO L I N E S  FOR INPUT.  TO CONTINUE TO A SECOND L I N E  
ENTER I SOMEWHERE I N  THE F I R S T  L I N E  

DO YOU NEED A D D I T I O N A L  COMMANDS? 
no 

READY 

READY 
a=l ,O,  3.0; 0,2,3; O , O ,  3:  

aicnv=a i %  

a i  nv=? 
READY 

ROW 1 1 , 0 0 0 0 0  0.0 - 1 . 0 0 0 0 0 0  
ROW 2 0.0 0.500000 -0.500000 
ROW 3 0.0 0.0 0 . 3 3 3 3 3 3  
READY 

stop 

CHClW 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. 

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

BAD CHARACTER % . ROW 1 , COLUMN 3 
RE-ENTER NUMBER FOR T H I S  ENTRY. DEFAULT:  ZERO. 

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

a=1,0,%;0,22,3;0,0,3,&: 

3. 

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 

a i n v = a a  i% 

READY 
a i  nv=ai  % 

READY 
a i  nv=!  

D I D  NOT SEE A ? : OR V A L I D  COMMAND OR OPERATOR. L I N E  REJECTED. 
READY 

a i  nv=? 

AA NOT FOUND. 

ROW 1 1 .00000  0.0 -1.000000 
ROW 2 0.0 0.500000 -0.500000 
ROW 3 0.0 0.0 0.333333 
READY 

NAME HAS MORE THAN 8 CHARS. BEGINS WITH I D E N T I T Y  
READY 

READY 

i d e n t  i t y 3 s a * a i  nv 

i d e n t  i t y = a * a  i nv 

i d e n t  i t y = ?  
ROW 1 1.00000 0.0 0.0 

ROW 3 0.0 0.0 1 .000000  
1.00000 0 . 5 9 6 0 4 6 E - 0 7  ROW 2 0.0 

READY 
s t o p  
CHCIW STOP RETURN 

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=al l ,  aI2, . . ., alm; aZ1, . . ., a2m; . . .; anl, . . ., am: 

This command is used to define an nxm matrix and store it as matrix namel. The 
entries are separated by commas; the rows are  separated by semicolons; and the matrix 
must end with a colon. (Note: e-1 is FORTRAN notation for x10-l. ) Namel may con- 
tain one to eight alphanumeric or special characters, with the exception of reserved 
characters, which include + - * % ? : = ( ). 

Example: a = 1, 3.0, 3.2; 1 e-1, 2, 0: 
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This defines matrix a to be 

(2) namel (i, j )  = xxx 

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

Example: a(l,2) = 0 

This redefines matrix a to be 

(3) namel = 

This command is used to type out the matrix called namel. 

Example: a = ? 

This causes the output 

ROW 1 1,00000 0.0 3.20000 

ROW 2 0.10000 2.00000 0.0 

(4) namel (i, j )  = ? 

This command is used to output the ith row, jth column element in matrix namel. 

Example: a(2,2) = ? 

This command causes the output 2.00000. 

(5) namel = name2 op nameg 

where op (short for matrix operator) is + (add), - (subtract), or * (multiply). This 
command is used to perform the arithmetic on the matrices nameZ and name3 and defines 
the result to be matrix namel. I€ either matrix is 1x1, the arithmetic performed is 
scalar arithmetic. 
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Example: b = a + a 

This defines the matrix B to be 

(6) namel = name2 op 

where op is i% (inverse), d% (determinant), t% (transpose), p%N (to power N), or e% 
(eigenvalues). The eigenvalue command is used to define matrix namel to be a two- 
column matrix whose rows contain the real, then the imaginary, parts of the eigenvalues 
of matrix name2. 

Example: b = b t% 

This redefines b to be 

As this example shows, previously -defined matrices can be redefined. 

(7) namel = name2 op nameg 

where op is a% (add), s% (subtract), or m% (multiply). This command is used to 
perform scalar arithmetic on diagonal entries only. Therefore, either name2 or nameg 
must be scalar, the other must be square. 

Example: If 

and scalar = 2, c = c m% scalar redefines c to be 

c n 
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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 namel, 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. 

command violates matrix algebra requirements. For example, the program does not 
try to add two matrices with different numbers of rows. Such errors  a re  arithmetic 
errors  . 

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,  

are not carried out. Finally, there are some messages which a re  for user's informa- 
tion, They warn him of conditions which are not fatal to the command, but which 

First, no arithmetic is performed @ut no previous matrices a re  lost) if the user's 

Second, in trying to f i t  the input into one of the recognized command formats, the 

These two error types a re  called fatal, because user commands containing them 
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shoulibe 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 e r r o r s  

1 NAME HAS MORE THAN 8 CHARACTERS. BEGINS WITH XXXXXXXX. 

2 RESERVED CHARACTER USED IN NAME, LINE REJECTED. 
3 XXXXXWM NOT FOUND. 
4 BLANK(S) FOUND WHERE NAME, COMMAND, OR REPLY REQUIRED, RE-ENTER. 
5 DID NOT SEE A ? : OR VALID COMMAND OR OPERATOR, LINE REJECTED. 
6 MORE THAN 10 COLUMNS, LINE REJECTED. 
7 MORE THAN 10 ROWS, LINE REJECTED. 
8 SUBSCRIPT(S) OUT OF RANGE, xxxxxmx HAS m ROWS, n COLUMNS. 
9 BAD CHARACTER x IN EXPONENT, LINE REJECTED. 

10 BAD CHARACTER x I N  NUMBER, LINE REJECTED. 
11 BAD CHARACTER x IN SUBSCRIPT, LINE REJECTED. 
12 NO COMMA SEPARATING SUBSCRIPTS, LINE REJECTED. 

Arithmetic e r r o r s  
~ ~ 

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 *****WARNING***** 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. 
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CONC LU S I ON S 

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 WORD 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: If shift functions above are not readily available, the following FORTRAN coding 

will serve: 
I 

C F O R T R A N  Si i  I F T S  F O R  IviATAR 

C iviAJKH W U D  ONLY F O R  2 4  3 l T S  T O  R l G r f T  
F b H C T  I Oi4 I S L L  ( NN, I WKD 1 

1 N T  EG E R  M A S  KR/  Z 0 0 0 0 0 0 8 0 / , M A S  K/ Z 8 0 3 0 0 0 0 0 / 
I I r O R D  = IWRD 
DO 1 I = l , N N  
I i J O R U  = IWORD*L 

1 C O N T I  I ~ U E  
GO T O  3 
E N T R Y  I S K L  ( N N ,  I kJRD 1 
IWhD = I W R D  

I F ( I W O K D . L T . 0 )  ILJORD = IWORD + MASK 
00 L I = l , N N  
ILJOKD = l l J O R D / 2  

C S E T  S I G N  S I T  T O  ZERO 

2 C O N T I N U E  
C R E S T O R E  B I T  I F  N E E D E D  

I F ( I W H D . L T . 0 )  IWORD = IWORD + IV'rASKR 

R E T U R N  
END 

3 I S L L  = I l J O R D  
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L C J G I C A L  l l L D  
(3 I ME hi S I O N  
C, UTWO N / M A  T E / M I  I 4  9 I L P S T 7 MA T K I X ( 1 5 00 1 
C ( I I ~ ~ l ~ ~ O ~ J  / P A S S  / 
D A T A  I I T I D T I T I I P T I E  / ' I ' ~ ' O ' T ' T ' T ' % ' ~ ' P '  / 

N M  ( 2 9 Ni.1 1 ( 2 ) 9 I hi PlJ T ( 2 Z; 

K L  P 9 K K P 9 K 9 K C O L  

O A T A  I iV1,  I A, I S  I CUN I ET,, I O M ,  I R L K /  I t l  , I + * ,  ~ - ~ , ~  1 8  1 = 1 I I e / 
D A T A  I C W i  9 I S EM 7 I C l l L  T I L P  T I R P  9 I\// 9 ' 7 I j' 7 ': ' 9 ' ( ' 9 ' 9 E ' / 
I ) A T A  I A ~ T I S ~ T I O ~ ~ ~ I ~ P  / ' A ' , t S ' y ' l ~ ' ,  1 H '  / 

50 I F ( I L A S T . L T . 1 4 0 0 )  GO T U  47 
N N A X  = I L A S T  - 1399 
P R I N T  9 8 9  NMAX 

98 F O R M A T  ( I *:k;k;X*YARNI NG**;X*:X S T O R A G E  S P A C E  F O R  I v I A T R I C E S  F X C E E D E D '  'I / 
g , I BY ' T 137' 9 R E S I J L T S  U N P R E D I C T A R L E .  I )  

G O  T O  46 

N M A X  = 1399 - I L A S T  
47 I F ( I L A S T . L T . 1 3 0 0 )  GO T U  46 

P R I N T  997 N M A X  
99 F ( l R p I A T (  * 4:>XX:WAQNING;X:$%" R 0 0 i . I  FOR ROlJGHLY I 14, 1 MClKE E L E M E N T S .  I I 
46 P R I N T  100 

100 F U R M A T ( '  R E A D Y ' )  

45  I N P I J T (  I) = I R L K  
r)o 45 1 = 1 , 2 2 0  

R E A D  7 0 1 ,  ( I N P U T ( I ) ? I = l , l l O )  
5 1  I = l T l l O  

K = I  
I F ( I M P U T ( K ) . E Q . I C l l N )  GO T O  52  

5 1  C O N T I N I J E  
2 0 1  F U R M A T  ( 1 2 0 A 1 )  

GO TO 53 
C L I N E  C O N T I N U E 0  

52  R E A D  2017 ( I M P U T ( I ) , I = l l l r 2 2 0 )  
I N P l J T ( K )  = I H L K  

C LCHJK FOR E O U A L S  SIGN 
C I F  A P ~ I S T R C I P Y E T  I G N O R E  WHOLE L I N E ,  ASSUFIk  CI IMMENT 

53 I30 5 4  I=19220 
K E O  = I 
I F (  I N P I J T ( K E O ) . E R . I A P )  GO TO 46 
I F (  I r \ l P I J T ( K E O )  .EO. I E O )  GO TO 55 

5 4  C , O N T I N \ I F  
C N O  E O U A L S  S I G N  I S  I T  CUMWAND 

C A L C  
GO 10 46 

C OIVIAND ( I N P \.l T 9 N M  7 &6O T 6 5 644 7 &46 

44 R E T U R N  
c 
C L I I O K  F O R  L H S  P A R E N S  

55 I!O 5 5 1  I = l T K E L I  
K L P  = I 
I F (  I N P U T ( K L P 1  .EO. I L P )  GO T O  5 5 2  

GO T O  560 

K R P  = I 
I F ( I N P U T ( K R P ) . E O . I R P )  G11 TO 5 5 4  

553 C U N T  I N U E  
G O  TI7 49 

KCOM = I 
I F (  I N P I J T ( K C O M )  .EO. I C O M )  G n  T O  556  

5 5 1  C O N T I N U E  

5 5 2  r)o 5 5 3  I = K L P T K E O  

5 5 4  00 555  I = K L P T K R P  

17 



5 5 5 ” i W T  1 Nllt- 

101 j F I I K M A T (  I N11 C(IMMA S k P A K A T I N G  S I l H S C K I P T S 9  L I N E  R E J E C T E D . ’  1 
w r f i l r  io1  

‘ * G I )  T l l  46 
5 5 6  C A L L  N M P A C K l  I N P I J T 7 I  , K L P - ~ ~ ~ I M I ~ F A L S € , ~ C ~ ~ ~ ~ ~ Y I G ~ ~ )  

C A L  L 
C A L I -  

F I N Ut4 P* ( I’JM 7 I N M  9 G 60 
K EP A I K ( I PIP U T 9 I 1\11‘! 9 K L P 9 K Ec) t K R P 9 h l f l l 9  C 4 6  1 

MI T O  46 
C A S S l l M E  R E G I I L A R  MAT!? I X N A M E  L H S  
C P A C K  T H E  L E F J  H h N D  NAME 

560 I N P I J l  I K E r S )  = I H L K  
C A L L  N M P A C K  ( I N P U T  9 1 , K E O T N M T  F A L S E  T b567 LL99  E46 1 
GO T O  57 

5 6  PKII1IT 1 0 6 7  NIY 
106 F O R M A T ( ’  NAME HAS MClRE THAPl 8 C H A R S .  B t G I N S  W I T H  ‘ , 2 A 4 )  

GO T O  46 
49 P K I N T  1 0 5  

105 F O R M A T (  ’ R E S E R V E D  C H A R A C T E R  [ ) S E D  I N  I’JAlgET L I N E  K E J E C T F f ? .  ’ 1 
G f l  T O  46 

C L O O K  FOK Q U E S T I O N  M A R K  
57 Do 58 I=KEO7220 

I F (  I N P I I T (  I )  .EO. I O M )  GO T O  5 9  
58 C O N T I W J F  

GO T O  YO 
C A S S U M E  N A M E  = ? 

C N A M E  F O U N D  
5 9  C A L L  F I N D N I . 1 ( N M ,  I I V M 1 & 6 O )  

NKOWS = M A T R  I X ( I N M + 3  1 
N C O L I I M  = M A T R I X (  I N M + 4 )  

G U  TO 46 
C A L L CJ( J T P U T  ( MA T R I X ( I ’11 M+ 5 1 9 NR 0 W S 7 !’IC 0 L U M 1 

C N A M E  N O T  FOlJND 
6 0  P R I N T  1077 NM 

107  F O R M A T (  5 X , 2 A 4 7 ’  AlOT F O U N D . ’ )  
GO T O  45 

GO T O  46 

G O  TO 46 

6 1  P R I N T  107,NMl 

6 2  P R I N T  106, N M l  

6 5  DO 66 I = K E 0 , 2 2 0  

C L O O K  F O R  V A L I D  O P E R A T O R S  
K = I  
I F (  I N P U T ( K 1  .EO. IM)  GO T O  7 1  

I F ( I N P U T ( K ) . E O . I S )  G D  T O  73 
I F ( I N P U T ( K ) . E Q . I A )  GO T O  72 

6 6  C O N T I N U E  
C NO * + OR - E N C O U N T E R E D .  L O O K  F O R  I N V  OR DET, 
C L O O K  F O R  1% 0% T X  

00 67 I = K E 0 7 2 1 8  
K = I  
I F ( I N P U T ( K 1  .EO. I P )  GO TO 68 

67  C O N T I N U E  
GO T O  5 
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68 K = K - 1 
I T E M P  = I N P U l ( K 1  

I F (  ITEPJIP .EO. I D )  G O  T O  75  
I F ( 1 T E M P  .EO. I T )  GO T O  69 
I F ( 1 T E M P  .EO. I V )  GO T O  70 
I F ( I T E M P . E Q . I E )  GO T O  81 

I F (  I T E M P - E O . I S 2 )  G13 T O  11 

It=( ITEPIP .EO., r r )  GO T O  74 

I F (  I T E M P e E O . I A 2 )  G13 T O  10 

I F {  1 T E M P . E Q . I W Z )  GCI T O  12 
c MCI K F Y  T H I N G S  FOlJlvO 

5 P R I N T  109 
109 F O R M A T ( '  D I D  N U T  S E E  A ? : U R  V A L I D  CCIMIVIANI) O K  O P E R A T O R .  L I N E  

L R E J E C T E D , '  1 
G O  T O  46 

69 K O D E  = 6 
GO T O  76  

70 KLlOE = 8 
GO TO 76 

7 1  K O D E  = 1 
GO T f l  76 

72  K U O E  = 2 
GO T O  76  

73 KOOf = 3 
GO T O  76 

74 KClDE = 4 
GO T O  76 

7 5  K U O E  = 5 

10 YLlUE = 9 

11 KL)UE = 10 
G O  T U  76 

' 1 2  K O O E  = 11 
GO TO 76 

81 K L l D E  = 7 
K J = K + l  
I N P I J T ( K J )  = I L P  
I N P U T ( 2 2 0 )  = I R P  

GI3 T O  76 

c O P E R A T O R  C O D E S  * 1 + 2 - 3 I N V  4 D E T  5 

GO -ro 76 

GO ro 76 

C A L L  CNVTR(INP~IT,KJ~220t2,ARG,If\~MZ,ICYAR,h7h~&83~&84~ 

87  I C H A K  = I C O P l  
8 4  P R I N T  1211 I C H A R  

1 2 1  F O R M A T ( '  HAD C H A R A C T E R  ' 9 A 4 9 '  I N  E X P O N E N T ,  L I N E  R E J E C T E D . ' )  
G O  -rn 46 

c Cc lECK T O  S E E  I F  L F F T H A N O  N A M E  I S  NEW 

7 6  OLI)  = . F A L S E .  
CALI.  F I N D N M ( N M , I N M I C ~ ~ )  
O L D  = .TK\JF, 

79 JJ = K E O  + 1 
C R E S O L V E  R I G H T H A k D  QAf'IE ( S  1 

I N P U T ( K 1  = I H L K  
C A L L  N M P A C K (  I N P U T , J J , K , N M l ,  . T R U E . ~ & 6 2 , C 4 9 , & 4 6 )  
C A L L  F I ~ l U N M ( N M 1 , I N M l , h h l )  
hlA = . M A T K I X ( I N M 1 + 3 )  
MA = M A T R I X (  I N M 1 + 4 )  
I F ( K O D E , G T , 3  .ANO. K O D E . L T . 9 )  GO T O  77 



77 

80  

90 

9 1  

9 2  

9 5  

96 

1 
2 

102 

JJ = K + 1  
I F ( K O D E . G T . 3 )  JJ = JJ + 1 
C A L L  NMPACK(INPUT,JJ,22OrNMl?.TRUE.9&62?&499&4h) 
C A L L  F I N D N M  ( N M  1 9 I N M  2 7 C6 1 
NB = M A T R I X (  I N M 2 + 3 )  
MR = M A T R I X  ( IVM2+4) 

P U T  AWAY NEW N A M E  
C A L L  N M D E F  ( N M  

N A M E S  R E S f l L V F D ,  R F A D Y  T O  DO A R I T H M E T I C  
I N  = I L A S T  - 1 

M A T R I X ( I L A S T + Z )  = NC 
M A T R I X (  I L A S T + 3 )  = MC 
M A T R I X ( I L A S T + l )  = N C 9 M C  + 5 
I L A S T  = I L A S T  + NC:kMC + 3 

C A L L  A R  I T H  ( K O D E  9 I N  7 I NM 1 7 I N M 2  7 N A  9 M A  9 N H  7 PI3 7 NC 7 PIC 9 & 80 

I F ( o N O T s O L D 1  GO T O  50 
E R A S E  O L D  N A M E  I N  M I D D L E  

C A L L  Id I P E  ( I NM 1 
G O  T O  5 0  

M A T R I X ( I L A S T 1  = I H L K  
M A T R I X l I L A S T - 1 )  = I B L K  
I L A S T  = I L A S T  - 2 
NlJM = N l I M  - 1 
611 T O  46 

B A D  M A T C H U P  ROWS A N D  C f l L l J M N S  GO H A C K  

L O O K  F O R  C f l L f I N  I F  S O  D E F I N E  M A T R I X  
DO 91 I = K E { 3 r 1 9 0  
K C f l L  = I 

C O N T I N U E  

G O  T O  6 5  
I N P I J T ( K E O )  = I L P  
K L P  = KEQ 
K R P  = K C D L  + 1 
I N P U T ( K R P 1  = I R P  
NCOM = 0 
C A L L  

IF(INPUT(I) .EO. rem) GO T O  92 

N O  C O L O N  FOIJND A S S U M E  A R I T H  

F I N D N M  ( N M  9 I NM 9 G9h 1 
A L R E A D Y  D E F I N E D  

C A L L  W I P E (  I N M )  
C A L L  N M D E F  ( N M  1 

C O U N T  T H E  F I R S T  C O M M A S 9  F I N D  A S E M I C O L O N  A T  K e 

D O  1 I = K L P , K C O L  
K = I  
I F (  I N P l J T ( K )  .EO. I C O M )  NCClM = NCOM + 1 

C O N T  I N U E  
NCOLUM = NCOM + 1 
N S E M I  = 0 
I F (  I N P l J T ( K ) . E O . I S E M )  N S E M I  = 1 

I F (  I N P I J T ( K ) e E Q o I S E M  .OR. I N P l J T ( K )  . E O e I C C ) L )  GO T O  2 

I F ( N C O L U I 4  .LE.  101 GO T O  21 
P R I N T  102 
F O R M A T (  1 MIRE THAN i o  COLIJMNS. LINE REJECTED.'  
G O  T O  8 0  
I N P I J T ( K 1  = I R P  21 - 
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P R I N T  103  

GO T O  8 0  
41 M A T R I X (  I L A S T + l )  

WATK I X ( I I _ A S T + 2  
MA TR I X ( I L A  S T +  3 1 
I L A S T  = I L A S T  + 

103 F O R M A T (  * M I I R E  t i A N  10 ROWS. L I N E  R E J E C T E D . ' )  

= NRLl!rlS*i\ICOL\JM + 5 
= IVROW S 
= N C O L U M  
3 

C A L L  
I L A S T  = I L A S T  + N K U W S * N C O L U M  

C H A N G E (  I N P I J T t I ' I A T R I X (  I L A S T + l  1 , N R ( J W S T I \ ) C I I L I J F I , & ~ ~ )  

G O  TP) 50 
C G O  R A C K  C O I \ I V f H S I O N  F A I L F O  . 

97 I L A S T  = I L A S T  - 3 
G(J TU R O  
END 

C 
C T A K E S  T H E  J U N K  I N  I N P U T ( K )  T O  I I U P U T ( J 1  A N D  
C P A C K S  I T  I N T O  A N A M E  I F  I T  L E S S  T Y A N  9 N O N - H L A N K  C H A R A C T E R S  
C R E T I J R N  1 MORE T H A N  8 C H A R S  
C R E l I J R N  2 O P E R A T O R  I N  N A M E  
C R E T I J R N  3 B L A N K S  F O U N D  

L l J G  I C A L  O L D  
0 I M E N S  I O N  
D A T A  

N M  ( 7 1 9 I N P I J T  ( 1 1 
I H L  9 I P L  I M I  7 I A S  I P E R  9 I OM 7 I C G L  7 I EO 7 I L P 7 I R P  

$6 / I i , l + i , : ~ l , l ~ k l T ~ ~ l T l  q l , r : l ( I = I  , ( ( 1 , 0 1  / 
J = J 1  
K = K 1  
N M ( 1 )  = I H L  
N M ( 2 )  = I H L  
K T R  = 0 
I F ( 0 L I ) )  GI1 TIJ  3 

IN = I N P U T ( 1 )  
I F ( I N . E Q . I P L  . U K .  1RJ.EQ.IMI .UR. 1 N . t O . I A S  .OR, 1 N . E O . I P E R ) G O  T O  6 
I F ( f N . F O . I L P  . '3R. I l \ I . F O . I R P )  GI) TCI h 

I10 1 I = K y J  

~ t - (  I. lv.Fo.~wt .W. Itq.Fo. Ic [ i~-  .DR.  IN,EQ.I~O) GO -iCi 6 
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1 CONT I I\!IJE 
3 00 4 I=K,J 

ITE iv lP  = I N P I J T  ( I )  
I F (  1TEMP.Ef.). I H L )  GI1 TO 4 
K T R  = K T R  + 1 
I F ( K T R . G T . 8 )  G U  TO 5 
l y M ( 1 )  = I S L L ( 8 r N M ( l ) )  + 1 S R L ( 2 4 , N l " 1 ( 2 ) )  
N M ( 2 )  = I S L L ( 8 , N M ( 2 ) )  + I S R L ( Z 4 , I T E M P )  

4 C O N T I N l J E  
I F ( K T R . E O . 0 )  GO TO 7 
R E T t J R N  

5 R E T l l R N  1 
6 R E T U R N  2 
7 P R I N T  11 

1 1  F O R M A T ( '  H L A N K ( S )  F O U N D  WHERE NAME, C O M F l A N D ~  OR R E P L Y  REO(JIREL3, R 
hkE-ENTER. ' 1 

R E T U R N  3 
E N D  

- 
C 
C 
C D E F I N E  NAME A N D  P U T  I T  I N  R I G  ARRAY 

S U B R O U T I N E  N M D E F ( N M 1  
D I M E N S I O N  N M ( Z I r I N P U T ( 1 )  
C O M M O N / M A T E /  NVM, I L A S T ~ M A T R I X ( 1 5 0 0 )  
NUM = MUM + 1 
I C A S T  = I L A S T  + 2 
M A T R I X ( I L A S T 1  = N M ( 2 )  
M A T R I X ( 1 L A S T - 1 )  = N M ( l )  
R E T U R N  
E N D  

- 
C 
C 
C S E A R C H  FOR N A M E  
C R E T U R N  1 NM N O T  F O U N D  
C R E T U R N  N M ( 1 )  A T  M A T R I X ( I N M 1  

S U B R O U T I N E  F I  NDNM( NM, I N M , * )  

C O M M O N / M A T E /  N U M T I L A S T , M A T R I X ( ~ S O O )  

DO 10 I = l , N U M  
I F ( N M ( l ) , E O * M A T R I X I J )  .AND, N M ( 2 ) o E O . M A T R I X ( J + l ) )  GO T O  15 

D I M E N S I O N  N M ( 2 )  

J = l  

J = J + M A T R I X ( J + 2 )  
10 C O N T I N U E  

R E T U R N  1 
15  I N M  = J 

R E T U R N  
E N D  
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C 
C 
C E R A S E S  M A T R I X  NM, M O V E S  E V E R Y T H I N G  BELOW UP 

S U K R f l U T I N E  W I P E ( I 1 )  

I N N  = I 1  
I D E L  = M A T R I X { I N M + 2 )  
I S T  = I N M  + I D E L  
I E N D  = I S T  - 1 

C O M M O N / M A T E /  NUM, I L A S T q M A T R I X f  1500) 

DO 2 I = I N M , I E N D  

DO 1 I = I S T , I L A S T  
2 M A T R I X ( 1 )  = 0 

J = I - I O E L  
M A T R I X ( J 1  = M A T R I X ( 1 )  

I L A S T  = I L A S T  - I D E C  
N U M  = MUM - 1 
R E T U R N  
END 

1 C O N T I N U E  

-. 
C 
c 
C T H I S  I S  T H E  O N L Y  WAY T O  G E T  S T U F F  O U T  

S U H R O U T  I N E  
DIMENSION A R R A Y ( N R 9 N C )  

OUTPlJT  ( A R R A Y  9 N R  9 N C  1 

NROWS = NR 
NCOLUM = rdc 
I f ( N R 0 W S  *EO. 1 )  G O  TO 15  
DO 10 I = l r N R O W S  

10 P R I N T  1 0 1 9  I ~ ( A R R A Y ( I I J ) , J = ~ ~ N C O L U M )  
R E T U R N  

K E T U R  N 
1 5  P R I N T  1029 ( A R R A Y l l , J ) , J = l v N C O L U M I  

101 F O K M A T ( '  K O W ' r I 3 r S G 1 4 . 6 , / ~ 5 X , 5 G 1 4 . 6 )  
102 F O R M P T ( 5 X , 5 G 1 4 . 6 , / , 5 X 1 5 G 1 4 . 6 )  

E N D  

C 

C P R I N T  1.1UT OR R E P L A C E  I ' \ I I I I V I I ) I J A L  E N T R I E S  
C R E T U R N  1 H 4 D  S I J B S C R I P T  I IR I\IIJMRER 

S Ut3 R U  UT I NE R E P A I R I I RIP 0 T 9 I N M  BL P 9 I E (3 7 K R  P 9 N M 7 * 1 

0 I YENS I ( J N  
C D M M O N / M A T E /  N I J M I  I L A S T y M A T R I X (  1500) 
D A T A  I R P T I L P I I ~ M , I C ~ ~ M  / 0 ' 9 ' ( ' y ' ? ' , ' , '  / 

1 NPC! T ( 1 7 N M  ( 2 1 

I P T  = I N M  
NROW = k l A T R T X (  I P T + 3 )  
NCOL I= M A T K  I X ( I P T + 4  1 

23 



C C O N V E R T  T H E  S t J H S C R  I P T S  
K K K  = K L P  
Do  2 I = l 9 2  

C A L L  C N V T R ( I N P ~ J T , K K K T K R P , ~ ~ A R G , I A R G T I ~ H A R T & ~ ~ T & ~ , & ~ ~ )  
I C O L  = I 4 R G  
GU T O  3 

1 TROW = I A R G  
2 C O N T I N U E  
3 I F (  IROW.LE.0  .OR. I C O L . L E . 0  .OR. IROWeGT.NROI4 .OR, I C O L e G T .  
* N C O L )  G O  T O  14 

r, S U H S C R  I P T S  OK 
C G E T  P C I I I Y T E R  T O  P R O P E R  E N T R Y  

C I S  T H E R E  h O U E S T I O N  M A R K  
I P T 2  = N R O W * ( I C O L - l )  + I R O W  + I P T + b  

DO 5 I = I E 0 9 1 9 0  
I F ( I N P U T ( 1 )  .EO. I Q M )  GO T O  9 

5 C O N T  IPIIJE 
C 
C e e .R113r A S S U Y E  NUMBER. 

I N ? I I T ( 1 9 0 )  = I R P  
I N P U T ( I E 0 )  = I L P  

6 M A T R I X (  I P T 2 )  = I A N S  

7 I C H A R  = ICOM 

C A L L  C N V T R ( I N P U T ~ I E O ~ ~ ~ O ~ ~ T I A ~ ~ S ~ I A ~ G ~ I C H A R ~ & ~ ~ & ~ ~ & ~ ~  

GO T O  10 

8 P R I N T  1039 I C H A R  
103 F O R M 4 T ( '  B A D  C H 4 R A C T E R  ' 9 A 4 9 '  IN A N U M B E R ,  L I N E  R E J F C T E D , ' )  

G O  T O  2 0  
C 
C . . * Y E S ?  W R I T E  I T  OlJT 

9 C A L L  OUTPUT(i4AT4IX(1PT2),l7l) 
10 R E T U R N  

C S t l B S C R  I P T S  O U T  OF H O U N D S  
14 P R I N T  1019 N M T N R O M , N C O L  

101 F 1 7 R M A T ( '  S U B S C R I P T I S )  OlJT O F  R A N G E 9  ' r 2 A 4 7 '  H A S  ' , I 2 9  
'z  ROWS, ' 9 1 2 9 '  C O L I J M N S . ' )  

GO T O  2 0  
C B A D  S U B S C R I P T  

1 5  P R I N T  102, I C H A R  
102 F O R M A T ( '  H A 0  C H A R A C T E R  ' 9 A 4 7 '  I N  S O B S C R I P T ,  L I N E  R E J E C T E D . ' )  

2 0  R E T U R N  1 
E N D  

C 

C C O N V E R T S  T H E  I N P U T  S T R I N G  T O  R * 4  N U M B E R S 9  P l J T S  I N T O  / M A T E /  
C 

SlJR R O U T  I N E  C H A N G E  ( I N P U T T A K R  A Y  9 NR ON S T NCO L A M  9 * 1 

D I M E N S I O N  I N P U T ( ~ ) T I N T E ~ P ( ~ O ) T A R R A Y ( N R O W S T ~ ~ C ~ ~ L A I ~ I )  
C O M N O N / P A S S /  K L P t K R P q K t J  
D A T A  I L P T I R P T I S E M I I C O M , I C O L  / ' ( ' , ' ) ' T ' j '  T I T I T ' t l  / 
D A T A  I N T E ~ ~ P ( 1 ) 9 I N T E M P ( 9 0 ) / ' ( ' , ' ) " /  
N C O L I J M  = N C O L A M  
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C C O N V E R T  T H E  F I R S T  ROW 
K K K  = K L P  
DO 5 I = l , U C O L U M  
C A L L  C M V T R ( I N P U T ~ K K K ~ K R P ~ l ~ A N S ~ G A R R , I C Y A R I C ~ A R ~ & 2 0 ~ & 1 0 ~ & 4 )  

C R o inl r-11-1 N E 
A R R A Y ( l y 1 )  = A N S  
GO T O  6 

C BAD C H A R A C T E R  9 R E - E N T E R  
1 I C H P R  = I C O N  

P R I N T  1 0 5  
R E A D  2019 ( I N T E I V l P (  I 1  I) 9 I I I = 2 9 8 9 )  
L = l  
C A L L  C r V V T R (  I N T E M P ~ L ~ ~ ~ ~ ~ T A N S ~ G A R B ~ I C H A R ~ & ~ O ~ & ~ ~ & ~ )  

4 P R I N T  103, I C H A R v I  

C S K I P  O Y  TLI N E X T  COLlJYIN ( T H A N K S  D U E  TLI E V A )  
DO 2 I 2 z K K K v K R P  
I T T  = I N P U T ( I 2 )  
I F ( I T T . E ( 3 . I C O M )  GO T O  3 
I F (  I T 1  .EO,ISElvI .OR. 1 T T . E Q . I C O L )  GO T O  6 

2 C O N T I N L J E  
3 K K K  = I 2  

C PJlJfJISER I)('JNE, ROW N O T  Y E T  DONE 
10 A R R A Y ( 1 , I )  = AIVS 

I F (  I.EO,l\ lCOLIJM) G O  T O  6 
5 C C l N T I N i J F  

70  P R I N T  102 
1 0 2  F L I r j Y A T (  ' NLI R I G H T  P A R E N .  S O M E T H I N G  R E A L L Y  WROWG.' ) 

R E T I J K N  1 
103 F O R M A T  ( HAD C H A R A C T F R  9 A 4 9  I .  ROW 1 T C O L I I M N '  1 3 )  
105 F O R M A T (  1 R E - t N T E R  NI.JIV1HER FOR T H I S  E N T R Y .  O E F A U L T :  ZERO.  ' 1 
201  F O R A A T  ( 8 8 A 1 )  

C DO RClM SUR K T R  
h K T R  = 2 

7 I N P U T ( K )  = 11-P 
I F ( N R O W S . E O . 1 )  RETLJRN 

NCOM = 0 

K 2  = I 
I F ( I IV PlJT [ K 2  ) . EQ . I S E 14. I I R  . I hlPlJT ( K 2  
I F (  I N P U T ( K 2 )  .EO. ICUIu l )  N C D M  = N C O M  + 1 

I)[) 8 I = K ,  J 

.E 0 .  I C O L  1 GO T 0 9 

8 C O N T  I NlJE 

9 NIYAX = NCOM + 1 
C FOUND N E X T  SEMICDLOF4,  M f l V F  R I G H T  T O  K 2 ,  S A V E  L E F T  K 

I F ( N C  I1L IJ M-NM P X 1 2 3 9 1 1 9 2 I 
2 1  P R I N T  107,  K T R  

z E K O S  ' 1 
C P A 0  I T  

107 F O R M A T ( '  N A R N I Y G e  R O W ' y I 3 , '  I S  TOLf S H O R T  A N D  H A S  H t E M  P A D D E D  W I T H  
;:: 

N V A X  = N M A X  + 1 
Dfl 22 I = N M B X y N C O L U M  

2 2  A R R A Y ( K T R , I )  = 0.0 
GO T O  11 

23 P K r r q r  1 0 4 ,  K T R  
1 0 4  F I l R M A T (  W A R N I N G  : ROW', 1 3 9 '  I S  TClU L O N G  AND H A S  H E E N  T K I I N C A T E D * '  

c, C O N V E R T  T H E  RTIW 
11 I N P U T ( K 2 )  = I R P  

K K K  = K 
DO 1 5  I = l r i \ K O L t l M  
C A L L . C V V T R (  I N P U T , K K K ~ K K P , l r A ~ ' S 9 G A K R , I C ~ A R , & 2 0 , & 1 2 9 & 1 4 )  

25 



C ROW D O N E  
A R R A Y  ( K T R ,  I) = AlVS 
G O  T O  16 

2 4  I C H A R  = I C O M  
14 P R I N T  106, I C H A R , K T R , I  

106 F O R M A T ( '  B A D  C H A R A C I E K  ' 9 A 4 9 '  e R D W ' T I 3 , '  C O L U M N ' , I 3  1 
P R I N T  105 
R E A D  2019 ( I N T E M P ( I I I ) , I I I = 2 , 8 9 )  
L = l  
C A L L  C N V T R ( I N T f M P , L ~ 9 0 , 1 9 A ~ S ~ G A R R I I C H A R ~ & Z O , & Z 4 , & 1 4 )  

C S K I P  O N  T O  N E X T  COLIJMN 
DO 17 I 2 = K K K , K R P  
I T T  = I N P U T (  1 2 )  
I F ( I T T . E O . I C O M )  G(1 T O  1 8  
I F ( I T T . E O . I S E M  .OR. 1 T T . E O . I C O L )  GO T O  16 

17 C O N T I N U E  
1 8  K K K  = I 2  

C N U M B E R  DONE,  ROW N O T  Y E T  D O N E  
12 A R R A Y ( K T R 9 I )  = A N S  
1 5  C O N T I N U E  
16 K T R  = K T R  + 1 

I F ( K T R . G T .  NKOWS) RETlJRRI 
K = K 2  
GI) T O  7 
E N D  

- 
C 

c * :; Q * * ::* :; * g * >;: * * *:* :: $; * :;:: :: * :* :; * :::; :;:; * :; <:::.+ * :; :; <::; * *:; ::* :$ 96 <:\% * * * * *: *:;:: * * ;% ;: *:g:::g **:K <: *::: 
C S U H R O U T I i N E  T O  C O N V E R T  A T Y P E  I N P U T  T I 1  F L O A T I N G  P O I N T  N U M B E R S  
C I N P t J T  A R R A Y  OF C H A R A C T E R S .  O N E  P E R  id.JORL) L E F T  ADJ. 
C K T R  I N D E X  O F  F I R S T  WIIKI)  O F  A R R A Y  T O  H E  C O N S I I 1 E R E D  
C M A X  D I l ' 4 E N S I O N  O F  I N P U T  

C A R G l  R E A L * 4  A N S  
C ARGZ INTEGER.::4 A N S  
C C H A R  B A D  C H P R A C T E R  I F  F O U N D  
C R E T U R N  N E X T  C H A R A C P t R  1 R E S U L l  G O D U  

SURKO(JT1IVE CNVTR( INPUT,KTR,MAX,TYPE,ARGl ,ARGZ,CHAR,* , * , * )  

C T Y P E  = 1  R E A L * 4 ,  =2 INTEGER';+ 

C R E T U R N  1 N O  t OK 1 FOUND R E S U L T  ZERL)  
C R E T t I R N  2 N E X T  C H A R A C T E R  7 R E S U L T  GOOD 
C R E T U R N  3 H A I )  C H A R A C T E R  R E S U L T  Z E R I J  c * * * * * * + * g ** * <: * * :; :;< f; * \k * * g :; y6 + * * * :; * * * * * * * ** *; :; * ** * * Q * * * * << * * *:; * * g * * *;\ ;: :$ f; * * * * * 

I N T E G E R  I N P U T ( l ) , T Y P E 9 T E M P , T E M P 1 9 C H A R  
R E A L * 4  A Y G l  
I N T F G E R * 4  ARGZ 

L O G I C A L  S I N  
I N T E G E R  ,HLK,RP,PL9DP,E,CM 

D A T A  ~ A S K ~ ~ H L K , L P , R P , P L T M I ~ D P , E ~ C P ~  

I E X P  = 0 
I P  = 1 
I S G N  = 1 
A R G 1  = 0.0 

* / Z F 0 4 0 4 0 4 0 , '  ' , ' ( ' , ' ) ' , ' + ' , ' - ' T ' ~ ' , ' E ' ~ ' , '  / 
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ARG2 = 0 
S I N  = .FALSE, 
S I G N  = 1.0 
NLJM = 1 
I S T A R T  = K T K  

K T R  = I 
TEMP = I N P I J T (  I) 
I F ( T E M P . E O . H L K )  Gt.l TO 2 0  

rm 20 I=ISTART,PIAX 

G o  TO ( 8 , 9 7 9 7 9 9 9 7 9 )  ,h!lll”l 
8 I F ( TEMP . NE L P . ANI) . TEMP NE. C M 1 GO T!) 2 3 

N I I M  = 2 
GO T O  2 0  

9 I F ( TEMP . E O  .RP . OR . 1 EPIP .EO .CM 1 GI1 TO 2 2  
GU T 13 ( 10 9 10 9 13 9 15 7 17 7 19 1 9 NlJM 

10 NUM = 3 
IF(FEMP.~VE.PL) GO T O  1 1  
I F ( S 1 N  .AND. TYPE.EO.2) GO T U  2 3  
S I N  = .TRUE. 
GO TO 2 0  

I F ( S 1 N  .ANI l .  TYPE.EO.2) G O  TO 2 3  
S I N  = 0 [ R U E .  
SIGN = -1.0 
G U  1 0  2 0  

I l - ( T E k P . N E . D P )  G O  TI1 14 
I F ( T Y P E . E O . 2 )  GO T O  7.3 
I\l IJ Ivl = 4 
GLl  T U  2 0  

I F ( TFMP 1 . L T. 0 . OR. TEMP 1 . GT a 9 
I F ( T Y P F . E O . 1 )  A K G l  = A K G l ~ : l O . O + F L I ~ A T ( T E M P l )  
I F (  7 Y P E . t n . 2 )  A R G 2  = A R G 2 + l O + T E Y P l  

11 I F ( T E M P . I q E . M I l  G O  T U  13 

13 I F ( T E M P . E O . E )  GO T r j  1 5 1  

14 T E Y P l  = I S e L ( 2 4 r T E M P - M A S K l )  
GO TO 2 3 

G1.l 2 0  
1 5  IF(TEP1P.NE.E) GO T O  16 

I F ( T Y P E . E O . 2 )  GO TO 2 3  
GO T O  2 0  

I F (  Ft-MPl .LT.0. f IK.TEMPl .GT.9)  GO TC) 23 
I F ( T Y P F . E O . 1 )  A R G l  = A R G l + F L O A T ( T F M P l  )/lO.O:;:+IP 
I P  = I P + 1  
Gf3 TO 2 0  

I F ( T E M P . N F . P L 1  GO TO 1 8  
G U  TCI T O  

18 I F ( T E M P . N E . M I 1  GO TO 19 
I S G N  = -1 
GO TO 20 

I F (  TEI~lPl .CT.0.0R .TEMPl.GT.9) GI3 T O  2 3  

1 5 1  NUh = 5 

16 TEivlP1 = I S K L  ( 2 4 , T F M P - M A S K l )  

1 7  NIJM = h 

19 ‘ r E Y P 1  = I S R L ( 2 4 , T E M P - l 4 A S K 1  1 

I E X P  = I EXPZ: lO+TEMPl  
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20 C O N T I N t l F  
A R G l  = 0.0 
A R G 2  = 0 
R E T U R N  1 

2 2  I F ( T Y P F . E O . 1 )  A R G l  = SIGN*ARGlQlO,O::*(  I S G N Q I E X P )  
T F ( T Y P E o E O a 2  e+AE\JD. S I G N e L T o O o )  4 R G 2  = -ARGZ 
I F ( T E M P * E Q . C M )  R E T U R N  2 
R E T  U R N  

23 A R G l  = 0.0 
ARGZ = 0 
CHAR = TEMP 
RET lJKN 3 
END 

- 
C 

C 
C I F  E R A S E ?  C A L L  W f P E  
C I F  D(JMP, C A L L  D1JMP 

S t lH  R O U T  I N E C OM AN 0 ( I hl P I )T 7 N M 9 * 9 * 7 :: y fs 1 

C R E T U R N  1 NA8qE NOT D E F I N E 1 1  
C R E T U R N  2 I N V A L I D  COMMAND 
C R E T U R N  3 S A I D  STOP OR Q U I T  
C R E T I I R N  4 A L L  B L A N K S  F f l U N D  
c *:: :::::: Q *,;: Q QQ 9; * ::: Q* Q Q ::: <<I:; Q :; :I: ::: :::*: 9; 2: Q Q Q9; * * Q $6 *:: J;- J;- *::::x Q :; *:::: * :;: :; :::::: <: ::::: Q:$::::F :: <: :: ::: Q * * :: :::: 

n I M E N S I f l N  INPLJTtl90),NM(2)(IFRA5(2) 
D A T A  I L P ?  I K P r I ~ R A S , I R L K , I O ( I I T ~ I L ) I J M P / '  ( ' 7 '  ) I t '  E '  , ' R A S E ' ,  

1. 4- , ' , ' O U I T ' , ' D ( I P I P '  / 
D A T A  I S T O P / ' S T O P ' /  

, c  LOOK FOR P A R E N S  
D O  1 I = l r 1 9 0  
K L P  = I 
I F (  I h I P t I T t  f ) . E O . I L P )  GO TO 2 

1 CDNT I N U E  
C I S  I T  Q U I T  

C A L L  NPlPACK( I N P I I T , l y 1 9 0 , N M ?  .TRUE. ~E4,&4,&9) 
I F ( N M ( l ) . N E , I B L K )  GO T O  4 
I F ( M M ( 2 ) . N E . I O U I T  ,AND. N M ( 2 I . N F . I S T O P )  GI)  TO 7 
R E T U R N  3 

C I S  I T  DtJMP 
7 I F l N i v l t 2 )  ,NE. I D U M P )  GO TO 4 

C A L L LN 1 M  P Y 
GO TO 8 

K R P  = I 
I F ( I N P U T ( I ) . E O . I R P )  GO TO 5 

3 C O N T I N U E  
4 R E T U R N  Z 

5 I N P U T ( K L P 1  = I H L K  

2 D f l  3 1 = K C P 1 1 9 0  

C PACK E R A S E  

C A L L  NMPACK( IN~UTt l ,KLP,N l~ , .TR~ jF . ,&4 ,&4 ,&9)  
I F ( NM ( 1 1 .NE. I E R A S  ( 1 1 .OR. PI14 ( 2 1. YE. I E R A S  2 I 1 GC1 TO 4 

28 



C CUMMANO OK 
C A L L  N M P A C K (  I i ~ P I J T , K L P + l r K R P - l r N t ~ ,  . F A L S E . , b 4 9 & 4 , & 9 )  
C A L L  F I N f l N M ( E \ I M ,  I N M , & 6 )  
C A L L  W I P E (  I N I 4 )  

8 R E T U R N  
h K E T U R N  1 
9 R E T U R N  4 

E N D  

- 
C 

SUHP.IIIJT I NE D U M P Y  
C 
C T E L L S  U S E R  !.IHAT I S  I N  H I ( ;  A R R A Y  

C O M M O N / Y A T E /  N U M 9 I L A S T p M A T R I X (  1500)  
IF(PJ IJM.GT.0)  GI3 T O  1 
P R I N T  103 
GO T O  2 0  

P R I N T  104 
G O  T O  3 

1 I F ( N l l M . G T . 1 )  G(3 T O  2 

2 P R I N T  101, NIIM 
3 J = 1  

I10 10 I = l , I U U M  
MR = M A T R I X ( J + 3 )  
\IC = M A T R I X ( J + 4 )  
I F ( N R . E O . l  .AND. NC.EO.1) GO T U  5 

C M A T K  I X P R O P E R  
P R  I N T  102 7 M A T  R 1 X ( J 1 7 MA T R  I X ( J + 1 1 9 N R  9 NC 
G O  T O  h 

c S C A L A R  
5 P R I N T  105, M A T R I X ( J ) , M A T R I X ( J + l )  
h J = J + M A T R I X ( J + 2 )  

10 C O N T  I N l J E  
20  R E T U R N  

101  F O R M A T ( '  Y l l U  H A V E  I 3 E F I N E D  ' 7 1 2 7 '  M A T R I C E S , ' )  
1 0 2  F O R M A T ( ~ X , ~ A ~ , ~ X I ' M A S ' ,  1 3 9 '  R C I W S ' 9 1 3 , '  COLUI'"INS.') 
103 F O K W A T (  I PI(1 M A T R I C E S  DFFINEI1 . '  
104 F O R M A T ( '  YOlJ H A V E  D E F I N E D  I INE M A T R I X . ' )  
105 F O R M A T ( S X 9 2 A 4 9 5 X , ' I S  A S C A L A R . ' )  

E N D  
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C 

S U B R O l J T  I N E  A O D M A T  ( A T B T C  t N A 9  MA 7 N B t M B  ,* 1 
C P E R F O R M S  M A T R I X  A D D I T I O N  

L O G I C A L  P L U S  

P L U S  = .TRUE. 
DIMENSION A ( N A , M A ) T S ( N B T M B ) T C ( N A , M A )  
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1 141 = NA 
M 1  = MA 
N Z  = N B  
M2 = MB 
IF(M1.EQ.MZ) GO T O  2 
P R I N T  101 

101 F O R M A T ( '  M A T R I C E S  H A V E  D I F F E R E N T  NO. OF COLIIMNS. O P E R A T I O N  I G N O R E  
* D e '  1 

RETIJRN 1 

P R I N T  102 
2 IF (N1 .EQ.NZ)  GO TO 3 

102 F O R M A T ( '  MATRICES H A V E  D I F F E R E N T  NO. OF ROWS. O P E R A T I O N  IGNORED.'  
* I  

R E T U R N  1 
3 I F ( P L U S 1  GO TO 5 

DO 4 I = l r M l  
DO 4 J = l r N l  

4 C ( J , I )  = A ( J v I )  - B ( J 9 I )  
R E T U R N  

5 C O N T I N U E  
DO 6 I = l , M l  
DO 6 J = l , N l  

6 C ( J 9 I )  = A ( J , I )  + B ( J . 1 )  
RETURN 
ENTRY S U B M A T ( A I B I C ~ N A , M A , N B ~ M ~ , * )  

C PERFORMS M A T R I X  S U B T R A C T I O N  
P L U S  = .FALSE. 
GO TO 1 
E N D  

C 
C 

C PERFORMS M A T R I X  M U L T I P L I C A T I O N  
C PERFORMS A*B N O T  R E P E A T  N O T  B * A  

S U B R O U T I N E  MULMAT(A,BIC,NA,MA,NB,MB,*) 

D I M E N S I O N  A(NA,MA),B(NB,MB),C(~A,MB) 
N 1  = N A  
M 1  = MA 
N2 = NB 
M 2  = MB 
I F ( M 1 . E O . N Z )  GO T O  1 
P R I N T  101 

101 F O R M A T ( '  F I R S T  NO, COLUMNS NOT EQUAL SECOND NO. ROWS.',/, 
ri: a M A T R I X  M U L T I P L Y  R E Q U € S T  IGNORED. ' )  

R E T U R N  1 
1 C O N T I N U E  

DO 2 I = l r M 2  
DO 2 J = l * N l  

2 C ( J 9 I )  = 0 .  
DO 3 I = l r M l  
DO 3 J = l , M 2  
DO 3 K = l , N 1  

3 C ( K , J )  = C ( K , J )  + A ( K T I ) * B ( I , J )  
R E T U R N  
E N D  
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C 
C 
C FORMS T H E  T K A N S P O S E  O F  A 

S U B R O U T I N E  T R A N S ( A T C T N A T M A )  
D I M E N S I O N  A ( N A ~ M A ) T C ( M A T N A )  
DO I I=lrf''!A 
DO 1 J = l r N A  

RETIJRN 
E N D  

1 C ( I 7 J )  = A ( J T I )  

C PERFORMS M I X E D  A R I T H M E T I C  
C A I S  T H E  S C A L A R  
C K O D E = l , 2 9 3  S C A L A R  A D D T S U B T R A C T t M U L T I P L Y  
C K O D E = 4 9 5 y 6  S C A L A R  D I A G O N A L  A D D T S U B T R A C T 9 M U L T I P L Y  

S U B R O U T I N E  S C A L A R ( A T B ~ C I N B T M B ~ K K K )  
D I M E N S I O N  R ( N B , M B ) r C ( M B v M B )  
KODE = K K K  
N = N B  
M = MB 
GO TO ( 5 9 1 0 y 1 5 , 2 0 T 2 0 r 2 0 )  7 KODE 

5 DO 6 I = l r M  
DO 6 J = I T N  

6 C ( J 9 I )  = B ( J , I )  + A 
GO T O  5 0  

10 DO 11 I = l r M  
DO 11 J=lvl\ l  

11 C ( J 9 I )  = B ( J T I I  - A 

15 DO 16 I = 1 9 M  
DO 16 J = l ? N  

GO TO 5 0  

16 C ( J 9 I )  = R ( J 9 I )  * A 
GO TO 50 

C D I A G O N A L  O P E R A T I O N S  
20 DO 2 1  I = l v M  

DO 21 J = l r N  
2 1  C ( J 7 I )  = B ( J 9 I )  

KODE = KODE - 3 
GO T O  ( 2 2 7 2 5 9 3 0 )  T KODE 

2 2  DO 23 I = l v M  
2 3  C ( I 9 I )  = C(ITI) + A 

2 5  DO 26 I = l ? M  
26 C ( I 9 I )  = C ( I 9 I )  - A 

GO TO 50 
30 DO 3 1  1 = 1 ~ M  

50 R E T U R N  
E N D  

GO T O  50 

3 1  C ( I 9 I )  = C ( l ~ 1 )  * A 
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C 
C T A K E S  M A T R I X  A TO POWER I E X P ,  ANSWER I N  B 

S U B R O U T I N E  E X P O ( A I B T C T N A T I E )  
D I K E N S I O N  A ( N A T N A ) T B ( N A T N A ) , C ( N A , N A )  
I P O W  = I E  
MA = N A  
DO 1 I = l r M A  
DO 1 J= l ,MA 

1 B ~ J T I )  = 000 
I F ( I P O W . L E . 0 )  GO TO 10 
I F ( I P O W . E Q . 1 )  GO T O  8 
DO 2 I = l , M A  
DO 2 J = l , M A  

2 C ( J T I )  = A ( J 9 1 )  

I P O W  = I P O W  - 1 

C P U T  A*C I N  B 

C I N I T I A L I Z A T I O N  C O M P L E T E  

DO 7 I I = l T I P O W  

DO 3 I = l t M A  
DO 3 J= l ,MA 
DO 3 K= l ,MA 

3 B ( K , J )  = B ( K t J )  + A ( K t I ) * C ( I , J )  
C ARE WE DONE 

C S A V E  B I N  C 
I F ( I I o E Q e I P 0 W )  GO TO 20 

DO 4 I = l r M A  
DO 4 J = l , M A  

4 C ( J , I )  = B ( J * I )  
C NOW P U T  0 I N  B 

DO 5 I = l , M A  
DO 5 J = l , M A  

5 B ( J 9 I )  = 0.0 
7 C O N T I N U E  

GO TO 20  
8 DO 9 I = l * M A  

00 9 J = l ? M A  
9 B ( J T I )  = A ( J T I )  

GO TO 20 
C 
C 
C 

10 a0 31 I=l,MA 
11 B(I ,I )=l .O 
20 RETURN 

END 

- 
C 
C 
C I N V E R T S  A A ?  I N V E R S E  I N  C 

SUBROUT I N E  MAT I N V  ( A A V C  MX 9 * 1 
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C...,,MATRIX l N V k k \ I ~ l t l  [:.I ' ,AlJ',',- ) c j h i , A ' i  & I  i * I \ t - I i  
L(JGICA1-  MAT It.1 
I l0tll j l .F I ~ H F ~ , [ I ~ ~ I I N  A ,  f ~ ,  b k f , f j ,  y 

0 I MFNS I rlN Y ( 10 t 10 1 ,  7 ! 7 9 t '1 t 1 0  1 , Y  I ! f ~ )  

0 I MI'NS 101'4 A 4  ( M A  ,En/ ) r C  I H X  ' A X  ) 9 X ( L 0 ,  i F) ) 

E Q t J I V b L E N C k  ( V T Z )  
EO11 I V A L E N C E  
O A T A  D E L T , E P S / . O 0 0 1 r . l E - 7 /  

f AHCOk T F I jCHA ) 

MATIN= .TRUE.  
GO TO 1 

C...,,ENTRY FOR O B T A I N I N G  D E T E R M I N A N T  C F  I N ~ ~ J T  W A r 7 1 4  
E N T R Y  D E T E K ( A A I C T M X , D E T ~ * )  
M A T I N = F A L S E 0 

C , . . . , IN IT IAL IZE R U l J T I N E  AND T E S T  MX ( = O R D E S  GF b ( A T S i X )  

1 M=MX 
ABCDE = EDCBA 
DO 50 I = l T M  
D U  50 J = l r M  

50 X ( J , I )  = A A ( J , I )  
I f ( M . G T . 1 )  GO TO 5 

I f (PROD,hE.O.O) GO TO 4 

D E T  = 0.0 
R E T U R N  

2 5  P R I N T  101 

2 PROD=X ( 1 7 1 )  

3 I F ( M A T 1 N )  GO TO 25  

101 F O R M A T ( '  S I N G U L A R  M A T R I X .  I N V E R S E  NOT PERFORMED. ' )  
R E T U R N  1 

GO T O  2 3  
5 PROD=1,0 

MM=M-l  
DO 6 I = l , M  

4 X ( l r l ) = l . O / P R O D  

K( I ) = I  
DO 6 J = l , M  

6 Y ( I I J ) = X ( I T J )  

DO 11 I = l r M  
C...,.REGIN B Y  F I N D I N G  L A R G E S T  P I V O T A L  E L E M E N T  

A = O.OD0 
DO 7 J = I , M  
I F ( D A R S ( Y ( J r 1 ) )  . L E *  A )  GO T O  7 
A = D A B S ( Y ( J r 1 ) )  
L=J 

7 C O N T I N U E  
I F ( A  ,EO. 0,000) GO TO 3 

C.....REARRANGE ROWS A N D  ORDER ARRAY 
N = K ( L )  
K ( L ) = K (  I) 
K ( I ) = N  
DCI 8 J = l r M  
A = Y (  IIJ) 
Y ( I T J ) = Y  ( LI J 1 

8 Y ( L y J ) = A  

A=Y ( I T  1) 
C,.,,.REDUCE P I V O T A L  ROW 

I F ( . N O T . M A T I N )  PROD=PROD*A 
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D O  9 J = l , M M  
9 Y ( I , J ) = Y ( I T J + ~ ) / A  

C.....REDUCE R E M A I N I N G  ROWS 
Y ( I , M )  = l e O D O / A  

DO 11 L = l r M  
I F ( L . E O . 1 )  GO T O  11 
4 = Y (  L 7 1 
DO 10 N = l r M M  
Y(LIN)=Y(L,N+1)-AsY(I,N) 

Y ( L T M ) = - A * Y ( I , M )  
10 I F ( D A R S ( Y ( L T N ) )  . L T o  ( E P S s D A B S ( Y ( L r N + l ) ) ) )  Y ( L T N )  = 0 - O D 0  

11 C O N T I N U E  
C,,...IJNSCRAMRLE I N V E R T E D  M A T R I X  

D O  15 I = l r M  
I F ( K . ( I ) , E Q . I )  GO T O  15  
PROD=-PRO D 
D O  1 2  J = I T M  
I F ( K ( J ) . E O , I )  GO T O  13 

GO T O  3 
12 C O N T I N U E  

13 DO 14 L = l , M  
A = Y ( L v I )  
Y ( L y I ) = Y ( L , J )  

14 Y ( L v J ) = A  
K( J )=K( I 1 

I F ( . N O t , M A T I N )  GO T O  23  

T E S T = O  .O 

15 C O N T I N U E  

C.,...OBTAIN ERROR M A T R I X  

DO 17 I = l t M  
DO 17 J = l T M  
R=O .O 
DO 16 L = l r M  

16 R = R - Z ( ~ T L ~ J ) * X ( I T L )  
I F ( I . E Q , J )  R = R + 1,000 
T E S T  = AMAXl(TESTrSNGL(DABS(R))) 

DO 19 1 = 1 ~ M  
D O  19 J = l , M  

DO 1 8  L = l r M  

1 7  Z ( ~ T I T J ) = R  

A = 0,ODO 

1 8  A = A + Z ( l , I , L ) s Z ( Z , L , J )  
19 Z ( ~ T I T J ) = Z ( ~ T I T J ) + A  

I F ( T E S T e L E o D E L T )  G O  T O  2 1  
P R I N T  102 

1 0 2  F O R M A T ( '  M A T R I X  I L L - C O N D I T I O N E D .  I N V E R S E  M A Y  B E  I N A C C U R A T E . ' )  
Co..o.TRANSFER F I N A L  I N V E R S E  

2 1  DO 22 I = l r M  
D O  22 J = l r M  

2 2  C ( I T J )  = Z ( ~ T I T J )  
2 3  I F ( M . E O . 1 )  C ( l r 1 )  = X ( l , l )  

D E T = P R O D  
R E T U R N  
E N D  



SUBROUTINE 
REAL*4 S(1OlrMAX 

EIGEN (A rBr ,EVR r EV I TNN 1 

REAL*8 T 
COMPLEX R(10) 
DIMENSION A(NN~NN) ,B (NN,NN) rEVR(NN) rEVI [NN)  
DATA EP/5eE-6/ 
M = NN 
NR = 1 
DO 1 I=l,M 
DO 1 J=lrM 

1 A(J7I) = B(J,I) 
SUM = 0 .  
DO 2 1 0  I=lrM 
DO 210 K=lrM 

2 1 0  SUM = SUY + ABSLA(K,I)) 
EPS = fP*SUM/fLOAT(M*M) 

3 M M l z M - 1  
NM1 = M 

4 N = NM1 
NM1 = N - 1 

5 IF(N.EQ.1) GO T O  125 
MAX = 0. 
DO 1 0  I=lrNMl 
IF(MAX.GfaABS(A(NII))) GO TO 10 
MAX = ABS(A(Nr1)) 
IC = I 

10 CONTINUE 
IF(MAX.LE.EPS) GO TO 125 
IF(IC,EQ.NMl) GO T O  40 
DO 20 K=l,N 
D = A(KvNM1) 
A(KyNM1) = A ( K , I C )  

20 A(K,IC) 0 
DO 30 I=l,M 
D = A(NMlT1) 
A(NMly1) = A(IC9I) 

30  A(ICrI1 = D 
40 0 = l./A(N,NMl) 

DO 5 0  I=lrM 
S ( I )  = A(N9I) 

A(NvNM1) = D 
50 A(N7I) = -A(N,I)'kD 

Do 7 0  K = ~ , N  
IF(K.EO.NM1) GO TO 70 
E = A(N,K) 
DO 60 I=lrNMl 

60 A(I7K) = A(I,K)+ A(I,NMl)*E 
7 0  CONTINUE 

DO 80 I=l+NMl 

DO 110 I=lrM 

DO 100 KzlrNM1 

80 A(IINM1) = A(I,NMl)*D 

T = 0.ODO 

100 T = T + S(K)*A(K,I) 
110 A(NM1,I) = T 

DO 120 I=NMl,MMl 
120 A(NMlr1) = A(NMlr1) + S(I+l) 

GO T O  4 
125 DO 130 I=NTM 
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I 3 0  S ( I )  = - A ( N T I )  
L = M - N M 1  

I F ( N . E Q . 1 )  GO TO 150 
NR = NR + L 
M = N M 1  
GO TO 3 

E V R ( I 1  = R E A L ( R ( I 1 )  
E V I ( 1 )  = A I M A G ( R ( 1 ) )  

160 C O N T I N U E  
R E T U R N  
E N D  

C A L L  R O O T X X ( S I N ) T R ( N R ) , L )  

150 DO 160 I = l v N N  

7 

C S U B R O U T I N E  T O  S O L V E  P O L Y N O M I A L S  W I T H  ROOTS ORDER.LE.2 
C 

S U B R O U T I N E  ROOTXX(A ,R ,NN)  
COMPLEX C M P L X ~ C O N J G ~ C ~ ~ ~ T T A ~ ~ T ~ ~ ~ T ~ ~ ~ ~ A ~ ~ T A ~ ~ ~ ~ ~ ~ T ~ ~ T ~ ~ T ~ ~ ~ ~ T  

* T C Y F O T F ~ T F ~ , R  

* r ( D X ~ A l l ) r ( S 2 t A 3 2 )  
E O U I V A L E N C E  ( F O T A ~ ~ ) , ( F ~ T A ~ ~ ) ~ ( F ~ , A ~ ~ ) ~ ( T C , A ~ ~ )  

COMPLEX C Z E R O  / ( 0 . 9 0 . )  / 
COMPLEX CONE / ( 1 . 7 0 . )  / 
D I M E N S I O N  A { l ) r R ( l )  
D A T A  MAXYEPS / 3 5 3 . 5 E - 5  / 
N = NN 
I F ( N . E Q . 1 )  GO T O  150 
N P 1  = N + 1 

K K  = K 

N = N - 1  
30 R ( K )  = C Z E R O  
40 FN = N 

DO 30 K = l t N N  

I F ( A ( N ) . N E . O . )  GO T O  40 

N M 1  = N - 1 
F N M l  = N M 1  
N P l  = N + 1 
K S  = K K  
S T 1  = A / N - l ) / A ( N )  
S T 2  = S T l * * Z  - ( A ( N - 2 ) * 2 . ) / A ( N )  
A S S I G N  110 T O  M 1  

K M 1  = K K  - 1 
A S S I G N  70  T O  MZ 

45 I F ( K K . G T . N N )  .RETURN 

C B E G I N  ' I T E R A T I O N  LOOP 
DO 120 L = l r M A X  
GO T o  M 2 ~ ( 7 0 ~ 5 0 )  

38 



50 A12 = CONE 
A22 = CONE 
A32 = CONE 

A l l  = A12 
A12 = A(I) + X*All 
A21 = A22 
A22 = A12 + X*A21 
A31 = A32 

60 A32 = A22 + X*A31 
F2 = A31+A31 
FO = A(N) + X*A12 

S1 = Fl/FO 
S2 = Sl*Sl - F2/FO 
GO TO 8 0  

DO 60 I=lrNMl 

IF(REAL(FO).EQ.Oo .AND* AIMAG(F0)eEQ.O.) GO TO 130 

70 X = CZERO 
SI = CMPLX(ST1rO.I 
S2 = CMPLX(ST2rOi) 
ASSIGN 50 TO M2 

80 GO T O  Mlr(110,90) 
90 DO 100 I=KS,KMl 

TC = l.O/(X-R(I)) 
S1 = S1 - TC 

100 S2 = 52 - TC*TC 
110 TC = FN/Sl 

DX = TC/(loO + CSQRT(FNMl*(TC*S2/Sl-loO))) 
x = x - o x  
IF(CABS(DX)/CABS(X) .LE. EPS) GO TO 130 

120 CONTINUE 
NN = KM1 
PRINT 201 

201 FORMAT(' **WARNING** EIGEN FAILED TO CONVERGE ON AN EIGENVALUE') 
130 ASSIGN 90 TO M1 

RIKK) = X 
KK = KK + 1 

RIKK) = CONJGLX) 
KK = KK + 1 
GO TO 45 

RETURN 
END 

IF(AIMAG(X)oEQ.O. .OK-  KK.GToNN) GO TO 45 

150 R(1) = CMPLX(-AIl)pO.) 
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