“4ts use in a typical application in the field of
structural analysis is illustrated.

An Interactive Matrix Arithmetic
Module (IMAM)

by
Salvador F. Reyes *

Introduction

This paper describes an attempt to exploit the uscfulness of the microcom-
puter as a learning tool through the development of an applications program module
which carries out various common operations on vectors and matrices (with real
elements) in an interactive fashion and without unduly burdening the user with
“housekecping’ details. Although the selection of matrix operations in the module
gears it for applications in linear structural analysis, the package may be a useful
learning aid for introductory courses on matrix analysis as well.

To provide a high degree of portability the source code for the Interpretive
Matrix Arithmetic Module (IMAM) described is written in Microsoft Interpreter
BASIC. A display unit and a disk drive are required peripherals. A line printer is
optional.

IMAM features menu drivers which enable the user to direct the program
to undertake the desired sequence of operations or tasks through menu selections.
In the course of the execution of certain tasks the user is prompted for appro-
priate responses such as data entries, option selections, etc., and provisions are
made for corrective responses or error exits where required or convenient. Another
major feature of IMAM is that it can be extended by appending modules which
may themselves make use of IMAM facilities. Conventions to be observed in
generating such extensions of the program are described herein.

Program Description and Usage

IMAM is essentially a facility for setting up and performing arithmetic opera-
tions on a set of nine matrices. Labelled A, B, ..., H, and S, their sizes (numbe{ O_f
rows/columns) and element values are input or modified as required in the ni-
tiation or execution of tasks.

Arithmetic operations are stylized (as displayed in the menus) and generally
involve matrices B and C as operands. The result of the operation is received by
matrix A in all cases. Some unary operations involve B and send the result to A or
are carried out on A itself. Special matrix operations may also involve S (i..,
modify it). All other matrices are defined or altered only by specific assignments.
(However, matrix B is altered in the solution of the eigenvalue problem — 5€€
below). Matrices D, . . ., H, are available to hold intermediate results arising from
the evaluation of a complex arithmetic expression. Data transfers between these
matrices and A (as well as between A and S) are effected by menu selections.

*Professor of Civil Engineering, University of the Philippines.
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The main facilities of IMAM are listed in a main or primary menu which is
displayed at the outset after each completion of a task or computation. Of the ten
items in the main menu, five actually represent task groups for which the respective
(secondary) menus are displayed on selection. The items in the main menu are the
following:

00/0 — Line Print a Message

01/0 —  Input/Output/File Management
02/0 — Assignment (B, ..., H, S to/from A)
03/0 —  Arithmetic Operation

04/0 —  Special Matrix Operation

05/0 —  Perform a Utility Function

06/0 — Create a User Module

07/0 —  Enter a User Module

08/0 — End Problem Run

09/0 — End Session

When any one of the five items, 01/0 to 05/0, is selected from the main menu
the corresponding secondary menu is displayed and any task selected from that
menu js then immediately carried out, If task 06/0 is selected, control passes to the
BASIC interpreter. Task 07/0 passes control to the user module.

The specific tasks included in each of the five secondary menus are listed
below. Most are self-explanatory and the user is prompted for any action that may
be required in connection with the execution of the current task.

Input/Output/File Management

The tasks included in this group are

01/1 — Input Elements of A (by Rows)

02/1 — Input Selected Elements of A

03/1 — Display A

04/1 — Display S

05/1 — Print A

06/1 — Print S

07/1 — ERASE Indicated Matrices (A, ..., H,S)
08/1— AorS—FILE

09/1 — AorS<+ FILE

Basically, sizes of matrices and initializations can be done for matrices A and
S only. Only matrix A accepts element inputs from the keyboard. Hence, other
Matrices will have to be set as required through assignment statements (see below).

The backing store or file is created or updated on the user’s option. The
assumed filename is “IMAMIDAT.DAT”. Whenever a matrix is saved or filed, an
ldentification field must be given. Any substring of alpha-numeric characters from
the leading portion of this field may be used as a key field for subsequent retrievals
O_f the filed matrix. The maximum permissible length of the identification field
f‘lncluding blanks) is 72. Matrices may be deleted from the file and the resulting

holes” may be reallocated for new matrices. A “garbage collection™ or storage
COmpaction function is available.
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Assignments

Assignment statements instruct IMAM to transfer data to or from A and the
other matrices (or to initialize A or S).

01/2—- [0] = A 11/2— S+« [0]
02/2— A-—B 12/2—- A<B
03/2—- A-C 13/2— A<«C
04/2— A-D 14/2—- A<D
05/2—- A-—E 15/2— A<E
06/2— A—-F 16/2— A<F
072—- A->G 17/2—- A<G
08/2—- A—-H 18/2 - A< H
09/2— A-—S 19/2 - A<S
10/2—- A —S[p,ql] 20/2 - A<S|[pgql

Statements 10/2 and 20/2 are to be used for assigning or retrieving sub-
matrices of S. In these statements the indices, p and q. are those of the pivot
element corresponding to A(1,1). The size of the submatrix is that of A. When
these statements are selected the user will be allowed to define sizes and initialize
the matrices as desired.

Arithmetic Operations

The following statements comprise the set of standard arithmetic operations:
01/3— A<«<B*C
02/3— A<«<B+C
03/]3—- A<«<B-C
04/3 — A < Transpose of B
05/3— A «<c=* A (ca scalar)
06/3 — A < Negative of A
07/3— A < Inverse of A
08/3— Solve S X = A for X (result to A)
09/3 - Eigen VP ([A] —e [B] );
e’s - Diag [A], Vects = Cols [S]

In all cases the result is installed in matrix A and the values of the other matrjces
involved, if any, are unaltered. However, in the solution of simultaneous equat_lons
the coefficient matrix (S) is erased. The eigenvalue problem solver alters matriX B.

Special Matrix Operations

Included among the following special matrix operations are some that com-
monly occur in structural analysis.

01/4- ‘TO’ Row Permutation, A (I,.) —=>A @ d),.)
02/4—- ‘FROM’ Row Permutation, A (P (I), .)~> A (1,.)
03/4 — ‘TO’ Column Permutation, A (., D=>A(,P 1) )
04/4 — ‘FROM’ Column Permutation, A (.,P(I) ) > A(, D
05/4—- A = B*C*B

06/4— S [p,ql =S [pql +B *C*B

07/4— S [p, q] =S [p,q] +Alr,s;nr,ns]

08/4— S [p, q] = A [r,s;nr,ns]
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The last two operations provide means for transferring and incrementing
elements on a submatrix to submatrix basis: p, q and r, s are pivotal indices and
nr, ns are, respectively, the number of rows and number of columns of the sub-
matrices involved.

Utilities

The following self-explanatory ‘“housekeeping”™ tasks are currently imple-
mented:

01/5 - DISPLAY Sizes of Matrices and Free Area

02/5 - DISPLAY/LIST Commands Executed in Current Run
03/5—  DISPLAY/LIST Directory of Filed Matrices

04/5 — COMPACT File of Matrices (Garbage Collection)

IMAM Extensions
The basic module can be augmented by user-generated modules subject to
the following restrictions:

1. To avoid conflicts with variable name usage in the main module the user
moduie must use only two-character ‘‘local’”’ variable names and the second charac-
ter must be a numeral. IMAM issues a DEFINT 1—N statement on initialization.

2. The entry point in the user module must be a source BASIC statement
numbered 10000. Return of control to IMAM must be a GO TO 210 statement.

If IMAM facilities are to be used by the user module (as described below) the
following additional restrictions must be observed:

1. Items in the primary menu are not to be called from a user module.
2. ‘FROM’ permutations are not operable from a user module.

The user module may assign the following functions to IMAM by using
appropriate GOSUB [statement number] statements.

(a) Allocating storage for system matrices and assigning values to their
elements.

(b) Performing arithmetic and other operations on the matrices.

(c) Setting displays and halting processing.

3. To suppress messages normally issued by the main module in the course
of the execution of the various tasks, set PQ % = 2.

Allocating and Setting Values Matrices
To allocate storage space for a matrix the required statement is

GOSUB 4710.

to be issued after setting parameter values as follows:

MM —  an integer between O and 8 to tag the matrix for which space is
to be allocated (O tags matrix A, 1 matrix B, etc.)

NR — number of rows

NC —  number of columns

Allocating space for a matrix automatically destroys its previous value (if any)
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and sets the elements of the new matrix definition to zeroes. To de-allocate (erasc)
a matrix, issue

GOSUB 4590
after setting the parameters as in the operation of allocation.

Matrix Storage Modes

All system matrices except A and S are stored in the normal BASIC mode
with beginning row/column indices of 0 and highest valid indices of NR—1 and
NC-1. The first row/column of matrices A and S arc used as work vectors by
IMAM, which allocates the required extra row and column. The beginning indices
are therefore 1 and the highest valid indices NR and NC.

It is sometimes necessary to retrieve the dimensions of a system matrix. For
this purpose the statement

GOSUB 4890

returns the number of rows in NR and the number of columns in NC, If the tagged
matrix did not exist IMAM assigns EE%=2 signifying that the matrix was null.

Arithmetic and Other Operations

Except for the group items and operations in the primary menu (which are
meaningless at user level) and permutation commands 2/4 and 4/4, all IMAM
commands can be accessed with a

GOSUB 640
statement after setting parameter values. The universally required parameters are

PP% — Task Group Number
KK — Task Number

The operations listed above indicate the proper values in all cases; e.g., for matrix
multiplication a possible sequence of BASIC statements is

PP% = 3:KK = 1:GOSUB 640

For certain operations other parameters have to be set. The tasks involving
submatrices require the pivot element indices p and q. Tasks 07/4 and 08/4 also
require the pivot indices r and s of the A matrix, and the size (nr, ns) of the sub-
matrix addressed. IMAM expects in these cases that the values are contained 1n
the predefined array IX in the order mentioned; i.e., IX (1) must contain p, IX (2);
q, etc. IX (0) is not utilized.

In scalar mutliplications IMAM expects the scalar multiplier to be stored 11
A (0, 0). In executing ‘TO’ permutation commands IMAM expects to find the
pointers in vector A (., 0) for row permutations and in vector A (0, .) for column
permutations. No validity checks are made. Other parameters will have to be
keyed in by the user in response to the usual IMAM prompts.
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Displays and Prompts

An IMAM prompter displays a message and waits for the user’s response.
Entry points, displayed messages, and functions (actions based on the keyed in
responses) are as follows

Entry Point Message Action
5830 *Press [1] if YES, [0] if NO Sets
JJ=0 if no;
JJ=1if yes
7340 *Invalid Input. RE-TRY? —ditto—
*Press [1] if YES, [0] if NO
7420 *CONTINUE? —ditto—

" *Press [1] if YES, [0] if NO

_ The following two examples illustrate most of the features discussed. The first
1s solved at IMAM level while a user module is developed for the second.

Example
The eigenvalue problem

AX=eBX

in which A and B are symmetric and positive definite arises in stability and
dynamic analysis of structures. If the equation is recast as

B-1 AX=eX

the well known method of Stodola (Crandall, 1956) calculates the largest eigen-
value, e, and corresponding eigenvector, X, in an iterative fashion. While the
Successive matrix-vector multiplications and factoring are operations which can be
done manually under IMAM it is convenient to generate a user module. Appendix
“A” illustrates a possible implementation where the convenience afforded by
using IMAM facilities is apparent.

Conclusion

A matrix interpretive program which can be implemented on most micro-
Computers has been described and its use in a typical application in the field of
Structural analysis illustrated. A complete listing of the source program is presented
In Appendix “B’’.

Although the program is primarily intended as a teaching aid it can certainly
be used for the occasional solution of practical problems, provided enough RAM is
available in the computer. Excluding storage for arrays the program is approx-
Imately 25—k bytes in length. In such applications the generation of a supple-
Mentary or user module similar to that illustrated may be helpful.

Reference

Crandall, S. H. (1956). ENGINEERING ANALYSIS, A Survey of Numerical Procedures,
McGraw-Hill, N.Y.
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Appondix A
TYPICAL IRAM USCR MUDWLE

10000 PRINT CHRS$(140)

100
122

10 PRINT °*eModule Name! IUNSTODV/BAS® tPRINT
=0 PRINT “eUsaget Calculation of the Largest Eigenvalue and Associated Vector

3@ PRINT ° of the Sustes HX = @x. IPRINT

10040 PRINT “eMethod! Stodola/Vianello Algorithe (Hett Crandall., 1936)°1PRINT
18038 PRINT °“eModule Expects Matrix H in ( B ). Vector { C ) 1e used as & Work A

rea

« “1PRINT

19360 PRINT *eLargost Eigenvalue Returned in A(@) and the Elemsents oOf the®

78 PRINT ° Associatod Eigenvector in A(l) ... A(N).°1PRINT

19080 GOSUB 7420
10090 IF JJ=0 THEN 210

181
101
101
101
101

90 PQL=2tMM=D:1GOSUP 4890

10 IF EE%,0 THEN 10330

20 IF NR=NC THEN 1013BELSE EEX=61GOTO 10330
38 NI=NRINCe]1MM=2tGUSUB 4720

4@ IF EEY>0 THEN 10330

101390 FOR [1«@ TO NR-1tC(11,0)=1tNEXT [11X1=01PRINT CHRS (1401 1J1=0

101
101
101

60 PP
70 T1e0
80 FOR I1w] TO NICIF ACI1,1)>T1 THEN TiwA(I1,1)

IKK=11GOSUB 648

10190 NEXT 11
19200 Ji1=J1+11A(D,@)=T11PRINT *elteration No. °iJIl

102
102
102
102
102
T

102
182
102

10 IF ABS(T1-X1)/T71<.09001 THEN 10250

20 A(Q,8)=1/T11PPL=3IKK=31GOSUB 440

38 X1=T1tPPZ=21KK=31GOSUB 640

4B GOTO 10160

39 PRINT CHRS$(140)1PRINT “etigonvalue t “i1T11PRINTIPRINT *eEigenvector! tPRIN

X1=0
70 FOR 11=1 TO NIIXI=X1+A(TI1,1)22INEXT 11
80 A(3,0)=1/SQR(X1)I1PPLa3IKK=31GOSUR 640

10290 A(0,0)=T3
18380 FOR I1=1 TO NItPRINT A(I1,1)4INEXT 11tPRINT

103
183
103
103
103

10
20
30
4“0
50
60
70
(:]']
90

1@ PRINTIPRINT “ePrint RESULTS?*®1GOSUB 3830

20 IF JJ=0 THEN 210

30 LPRINTILPRINT “etigonvaluo ¢ “{TI1ILPRINTILPRINTI *epigenve. tor
4@ FOR [1e1 TO NISLPRINT ACIL1,1), INEXT JT1ILPRINTEIG T 0

30 PQZ=A:G0OTO 680

Appondix b
IMAM SOURCE LISTING

'Filename! ° IMAM2.BAS® (CP/M 2.2 Version)

"(I)nterpretive (Mlatrix (A)rithmetic (M)oduleos*

'Programmed by SFR 14 July 1984°

GOSUB B4BO1PRINT e | L} A M e

PRINT °"Version 2 sfr 1984°

PRINT °All Rights Reserved®tPRINT

CLEAR 4BOIDIM TT%(1,8),IX(56)tDEFINT I-NIPRINT*eSpecifty OPTIONS!*1PRINT
AAX=QION ERROR GOTO 190

FKZ=@1PRINT*®USE Backing Gtore (FILE)*"1:1GOSUB 3820

100 IF JJ=@ THEN 140

120
130
140
130
160

OPEN "R°y1, "IMAMIDAT.DAT",80IFIELD 1, BO AS BFS:PRINT °*eNEW File®t11GOSUB 382

IF JJ=) THEN 130 ELSE GET 1,1tFKZ=CVI(MIDS(BF$,5,2))-}
FK4=FK%+1

PRINT*eECHO PRINT issued COMMANDS® |:1GOSUB 5820
IP%=@1IF JJ=0 THEN 16QELSE 2P%=1:1GOSUB 7700

2Q%Z=0t PRINT * #*SAVE issued COMMANDS*® § 1GOSUB 3820

17@ IF JJ=Q THEN 21@ELSE 2Q%=1

180
190
200
210
220
230
240
230

260

270
280
290

300
310
320
330
340
330

360

370

3ee

390

400

410

420

430

449

450
460
470
480

490
500
510

OPEN °0°,2, " IMAM2COM.DAT® tGOTO 210

IF ERR=7 THEN 8330 ELSE EE%Z=9t!RESUME 680

‘Main Menu - Task Group Selection

GOSUB B4BO:PRINT *I M A M Main Menut®IPP/=QIEEZ=QILL=Y
FOR KK=@ TO LL:GOSUB 7160

GOSUB 7830

NEXT KK

GOTO 338

'Input/Output/Storage Managament Command Selection
LL=91GOSUB 7800

FOR KKw1 TO LLtGOSUB 5280

GOSUB 7630

NEXT KK

GOTO 530

"Assignment Statement

LL=20:GOSUB 7800

FOR I=1 TO 1@

KKs1:GOSUB 4960tPRINTEPRINT TAB(10) 1KKi® - "1Qsy
KK=[+101GOSUB 4960t1PRINT TAB(40Q) {KKi® - *ias
NEXT 1

GOTO 550

'Arithmetic Statements Selection
LL=9:GOSUB 76800

FOR KK=1 TO LL:GOSUB 51680

GOSUB 7830

NEXT KK:GOTO 350

‘Special Matrix Operations Selection
LL=B:GOSUB 7800

FOR KK=1 TO LL:GOSUB 5390

GOSUR 7830

NEXT KK:GOTO 550

*Utilities Command Selection
LL=4tGOSUR 7800

FOR KK=1 TO LL:GOSUB 5490

520 GOSUB 7830

530
540
550

NEXT KK:GOTO 550
*Command Selection Routine

PRINT1PRINT TAR(S)"Enter SELECTION *“jt11F PP%=0 THEN 570

560 PRINT® (or © to return to MAIN MENU) * 3§
570 R$="":.INE INPUT R$:11F R$="° THEN 210 ELSE KK=VAL(RS$)
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560 IF KKeD THEN 8060 ELSE IF KK>LL THEN 330

590 JJI=111F PPL>D THEN 660ELSE IF KK>'* AND KK<46 THEN 680 ELSE GOSUB B84B0OI1GOSUR 7
960

600 IF JJ=0 THEN 210 ELSE PPL=KKIIF KK=0 THEN /990 ELSE ON KK GOTO 270,330,400,4
50,300,7932,610, 7260, 7260

61@ ‘User Module Processing

620 PQ%=1:GOTO 10000

630 'User Entry Point

648 IF PPX>0 AND PPZ<6 THEN &66BELSE PRINTIPRINT®eeee INVALID CALL FROM USER MODU
LE. * tRETURN

630 'Switch for Command Groups

660 ON PPY. GOTO 10460,1320,2160,2780,860

467Q@ 'Error Mensagos

680 IF PQZ>@ THEN RETURN ELSE PRINTION EEX GOTO 690,700,710, 720,730,740, 730, 769,
770,780, 790, 800

490 R$="Unable to Allocate Storage for °+Q$:1GOTO 820

700 R$="Matrix “+Q8$+" 18 a NULL matrix®:GOTO 82C

*Invalid Pivot Index for °+Q8$iGCTO 820

*Unable to Invert [ A )°1GOTO 820

“Hatrix °+Q$+" Not Square®:1GOTO 820

‘t 8 ) and [ A ) Not Conformable®:1GOTO 820

760 R$=°"(C B ) and { C ) Not Conformeble®:GOTO 020

770 R$=°Operation NOT EXECUTABRLE®1GOTO 820

788 PRINTIPRINT °“esee ERRUR®IERRItAS="Opgration ABORTED®1GOTO 820

790 R$=°An INVALID HEADER RECORD was READ*:1GOTO 6820

6800 R$="Solution of Simultaneous Equations Unsuccessftul®1G0OTO 820

610 R$=°SYSTEM ERROR®1GOTO 020

820 Rs ®8 “+RSIIEEL=DIIF 2P%>0 THEN LPRINT Rs

B30 IF 2Q%>0® THEN PRINTN2,Re

B840 PRINTIPRINT R$1GOTO 7500

632 'Utilities Command Execution

860 GOSUB 7750

670 IF JJ=@ THEN B360

880 ON KK GOTO 7838,890,900, 4440

890 IF 2Q%e® THEN 74BBELSE OPEN °0°,3," IMAM3COM.DAT":CLOSE 21GOTO 6020
900 IF FK%=Q THEN 74B80ELSE NN=1:1GOSUB 7600

910 IF 1P=0 THEN 930

920 LPRINTILPRINT*FILE DIRECTORY!®ILPRINT TAB(17)(°ROWS® {TAB(27)1°COLS" ITAB(30)}
* IDENTIFICATION® tLPRINT

930 JJ=Q1GOSUB BABOIPRINT TAB(17)§°ROWNS® ITAB(27)1°COLS” {TABR(D0) | * IDENTIFICATION®

SPRINT

940 XRZ=NN1GOSUB 7390

930 PRINT TAB(1@) USING® WNeNN° I IIJItPRINT TAB(AQ) ILEFTS(TS,36)1PRINT TAB(A0
JIMIDS(T$,37,36) tPRINTIIF [P=@ THEN 970

900 LPRINT TAB(1@) USING* NONeN° (I{JItLPRINT TAB(AD) ILEFTS(TS,36) 1L PRINT TAB

(4@) IMIDS(TS,37,36)

970 IF FKZu=NN THEN 749QELSE JJ=JJe+2

960 IF JJ<20 THEN 940

990 IF INKEYS=**® THEN 99QELSE 930

1000 'Reread issued commands

1810 CLOSE 21CLOSE 3tOPEN °1°,3,°IMAM3COM.DAT® 1OPEN °0°,2,° IMAM2COM.DAT®
1020 INPUT #3,T81IF EOF(3) THEN 1040

1038 PRINT #2,T$1GOTO 10820

1840 CLOSE 3:GOTO 7490

1030 'Input/Output/File Hanagement

1062 GOSUB 7750

107@ IF JJ=Q THEN 8560

1880 IF KK=3 OR KKw4 THEN 1300

1090 MM=0

1100 ON KK GOTO 1110,1110,1300, 1320, 1390, 1390, 1460, 3609, 3800
1110 IF KK=1 THEN I1=Q ELSE Il=}

1120 GUSUB 3900

1130 IF EE%>0 THEN 210

1140 LF KK=1 THEN 1260

1150 I1=0
1160 11=I1+1:PRINTIPRINT eEnter Next Element (No. “fll§®):*
1178 INPUT® «Row Index®§{ItIF I>8 AND I<=NR THEN 119QELSE GOSUB 7340

1180 IF JJ=1 THEN 3117QELSE 1240

1190 INPUT*#Column Index®{J3IF J>@ AND J<aNC THEN 1210ELSE GOSUB 7340
1200 IF JJ=0 THEN 124QELSE 1190

1210 INPUT"evValue® jA(],J)

1220 PRINT:PRINT"®MORE?® ¢tGOSUB 3830

1230 IF JJ=1 THEN 1160ELSE 1230

1240 1I=11-1

1250 PRINTSPRINT® #«Number of Elements Input®i111GOTO 7490
1260 PRINTIPRINT "#Input Elements of A by Rowst®

1270 FOR I=1 TO NR

12680 FOR J=1 TO NCEtPRINT "A(*§1{","(J§°)a"3tINPUT A(I,J)
1290 NEXT J, 11GOTO 7490

1300 IF KK=3 THEN MM=0 ELSE MM=8

1310 GOSUB 46890

1320 IF EEZ>® THEN &BQELSE GOSUB 4940

1330 GOSUB B4BR:PRINT "aCurrent Elements of Matrix "{Qs
1340 FOR I=1 TO NR:PRINT:GOSUB 6130

1350 PRINT TAB(JJ){Rs

1360 FOR J=1 TO NCtIF MM=@ THEN PRINT A(1,J), ELSE PRINT S(l1.J),
1370 NEXT J, 1tPRINTIIF PQZ=0 THEN 7490 ELSE 8520

1380 'print A or S

1390 GOSUB 4890

1400 IF EEZ>0 THEN 660

1410 GOSUB 7700

1420 FOR Im1 TO NRILPRINT:GOSUR 6150

1430 LPRINT TAB(JJ)R$1JJ=0

1440 FOR J=1 TO NCtJJ=JJ+1tIF JJ<=5 THEN 1445 ELSE JJ=1tLPRINT
1445 IF KK=S THEN LPRINT A(1,J), ELSE LPRINT S(I,J),
1450 NEXT J, I1LPRINT:GOTO 7490

1460 FOR MM=0 TO B1IF TTZ(0O,MM)=Q THEN 13QQELSE GOSUBR 43940
1478 PRINT®*Erase ";Q${i1GOSUB 5820

1480 IF JJ=@ THEN 15Q@ELSE GUSUB 4600

1490 PRINT TAB(30Q) Q$3;° ERASED."

1500 NEXT MMtGOTO 7490

1510 'Assaignment Statements

1520 GOSUB 7750

1530 IF JJ=0 THEN 8360

1540 IF KK<>1 AND KK<>11 [HEN 1380

1550 IF KK=1 THEN MM=0 ELSE MM=8

1960 11=0:GOSUB 5980

1570 IF EE%=0 THEN 749@ELSE 680

1580 IF KKw1® OR KK=20 THEN 193BELSE IF KK>11 THEN 1760
1590 MM=Q:1GOSUB 48902

1600 1F EEZ>@ THEN 680
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1610 MM=rK-11GUSUR 4720

1620 IF EE%Z- @ THEN 680

1630 FOR le1 TO NR

1643 FOR J=1 TO NC

1690 O KK-1 GOTO 1660,1670, 1680,1690,1700,1710,1720,1730
1660 B(1-31,J-1)"A(1,J)1GOTO 17400

1670 CUI-1,J-1)=AL1,J)1GOTO 1740

1660 D(I-1,J-1)=AC],J)1GOTO 1740

1693 E(I-1,J-1)=A(],J)1G0TO 1740

1700 F(1-1,J-1)=A(1,J)1GOTO 1740

1710 G(1-1,J-1)=A(1,J)3GOTO0 1740

1720 HOI-1,J-1)1=AC1,J)1GOTU 1740

1730 S(1.JI=Atl )

1740 NEXT J,1

1730 GOTO 7490

1760 MM=KK-111GOSUB 4890

1770 IF EE%Z-® THEN 600

1780 MM=0:1GOSUB 4720

1790 IF EEX.D THEN 680

180@ FOR l=1 TO NP

1818 FUR Je=1 TO NC

1828 ON KK-11 GOTO 183@,10408,10%0, 18560,1879, 1800, 1890, 1900
1830 A(I,J)=B(1-1,J-1)1G0TO 1910

1848 A(1,J)=C(1-1,J-1)1GOTO 1910

1838 A(1,J)=D(1-1,J-1)1GOTO 1910

1860 A(I,J)=E(1-1,J-1)1GOTO 1910

1870 A(l,J)=F(1-1,J-1)1GOTO 1910

1888 A(I,J)=G(1-1,J-1)1G0TO 1918

1890 A(l.JI=H(1-1,J-1)1GOTO 191@

1990 A(1,J)=S(1,J)

1910 NEXT J,1

1928 GUTO 7498

1938 IP=IX(1)t1JP=a]X(2) 1MM=PIGOSUB 4890

1940 IF EEZ=0 THEN 2020

1938 IF PQ%>0 THEN KETURN

1960 IF KK=2@ THEN 1990

1978 PRINTIPRINT®L A ) 1w NULL.*tPRINT ls 1t to INITIALIZE a SUBMATRIX of [ 8 3°
1 1GOSUB 5820

1980 IF JJ=@ THEN 680

1999 11=81GOSUB 3900

2000 IF EEZ>® THEN 680

2010 IB=NR1JB=NC:GOTO 2039

2020 IF KK=10 THEN 20Q10ELSE 1990

2032 MM=BtIF KK=10 THEN 203@ELSE GOSUB 4090
2840 IF EEY>0 THEN &6BOELSE 2070

2030 11=1:GOSUB 3900

2068 IF EE%Z>0® THEN 680

2070 JJ=01LLaNRtNN=NC1GOSUB 5550

2080 IF EEY%>® THEN 210

2098 FOR I=i TO IBtll=[Pe]~-]

2100 FOR J=1 TO JBtJJaJP+J=~1

2110 IF KK=1@ THEN S(I1,JJ)=AC1,J) ELSE A(I,J)=S5(11,JJ)
2120 NEXT J,I

2130 GOSUB 6240

2148 GOTO 7490

21350 ‘Arithmetic Statementw

2168 GOSUB 7730

217@ IF JJ=@ THEN 0560

2180 IF KK>4 THEN 2470

2198 MM=11GOSUB 4890

2200 IF EE%>® THEN &6BQELSE IF hKw&4 THEN 2420
2210 I1B=NRi1JB=NCIMM=2:GOSUB 4890

2228 1F EE%>@ THEN 680

2230 IC=NRi:JC=NCiMM=0Q

2240 ON KK GOTO 2340, 2250,2250

22350 IF IB=1C AND JB=JC THEN 2270

2269 EEX=8:GOTO 480

22708 GOSUB 4720

2280 IF EE%>@ THEN 680

229@ FOR 1=1 TO NR

2300 FOR J=1 TO NC

2310 IF KKm=2 THEN A(I,J)=B(I-1,J-1)+C(I-1,J-1) ELSE A(1,J)®B(1-1,J-1)=C(1-1,J-1)
2320 NEXT J, 1

23380 GOTO 7490

2340 IF JB<>IC THEN 2260

2350 NR=IBINC=JC:GOSUB 4720

2360 IF EE%.Q THEN 680

2370 FOR 1=Q TO NR-1

2360 FOR J=0Q TO NC-1:X=0Q'

2390 FOR K=@ TO JB-1:XaX+B(I,K)#C(K,J)INEXT K
2400 A(141,J+1)=mXINEXT J,I

2410 GOTO 7490

2420 BWAP NR,HNCI1MM=0:GOSUB 4720

2430 IF EE%>0 THEN 680

2440 FOR I=1 TO NR

2450 FOR J=1 TO NCtA(I,J)=B(J~1,1-1)INEXT J,1
2460 GOTO 7490

2470 MM=Q31GOSUB 4B90

2480 IF EE%>0Q THEN 680

2690 IF KK>&6 THEN 2610

2300 IF KK=6 THEN 2560

2510 IF PQZ=0 THEN 2520@ELSE X=A(0,0)tG0OTO 2560
2520 PRINT:INPUT °“eValue of Scalar®iX

2530 Qs$="Value ot Scalar “+STR$(X)

2540 IF ZPZ>@ THEN LPRINT Q%

2550 IF ZQ%Z>0 THEN PRINT #2,Qs

2560 FOR I=1 TO NR

2578 FOR J=1 TO NC

2580 IF KK=5 THEN A(I,J)=A(I,J)eX ELSE A(1,J)=-A(I,J)
259@ NEXT J,1

2600 GOTO 7490

2610 IF KKe8 THEN 2670

2620 IF NR=NC THEN 2640

2630 EE%=6:G0OTO 680

2640 NoNR:1F KK=9 THEN GOSUB B8@B0 ELSE GOSUB 6320
2650 IF EEZ>@® THEN 680

2660 PRINTSPRINT "e#Determinant = *“3X1GOTO 7490
2670 M=NCIN=NRtMM=B1GOSUB 4890

2680 IF EEZ>® THEN 680

2690 IF N=sNR THEN 2710

2700 EE%=71GOTO 680

2710 IF NR(INC THEN 2630
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£728 GUSUB 6730

2730 HMM=B81GOSUB 4590

2740 IF EE%>QO THEN 680 ELSE 7490

2770 ‘Special Hatrix Operations

780 GOSUB 7730

2790 IF JJ=0 THEN B360

2800 IF KK>4 THEN 329QELSE MMed

2810 GOSUB 4090

2820 IF EEZ>0 THEN 680

2838 IF PQ%>0 THEN 3200

2840 IF KK>2 THEN 2860

28350 R$=" row °“tLL=NRINNsNCIGOTO 2870

2860 R$=" coluan " ILL=NCINN=NR

2870 ON KK GOTO 2680, 2890, 28680, 2890

2680 Te="eFrom®1Qs=" to *1GOTO 2900

2890 Te=“"eTo*1Q8=" from °

2900 FOR I=1 TO LL$IF KK<3 THEN A(I.0)=0 ELSE A(O,1)=0
2910 NEXT I

2920 FOR I=1 TO LLIPRINTIPRINT TS{RS111QSIIINPUT I
2930 IF 11>=1 AND ll«<=LL THEN 2940

2940 PRINTIPRINT TAB(10)“eesse Invalid® (RS number. Please restart.®
2938 GOTO 2909

2960 IF KK=2 THEN 3060

2970 IF KKe=4 THEN 3070ELSE J=)

2988 IF leJ THEN 3030

2992 IF KK=3 THEN 3010

38008 IF A(J,@)=11 THEN 2940ELSE 3020

3213 IF A(O,J)=11 THEN 2940

3020 J=J+1:1GOTO 29680

3038 IF KK=3 THEN 3030

3040 A(1,0)=11tGOTO 3280

3030 A0, 1)=11:GOTO 3080

3040 IF A(11,0),0 THEN 294@ELSE A(11,0)=1:1G0TO 3080
3878 IF A(B,I11)>0 THEN 2940ELSE A(O,I1)=]

30680 NEXT I

3098 IF KK<3 THEN R$=° ROW ° ELSE R$=" COLUMN °
3100 Ts="eSpecifiod”+As+ " Parmutation!*tPRINTIPRINT T81lF ZP%>0 THEN LPRINT Ts
3110 IF ZQ%Z>0 THEN PRINTHE2,Ts

3120 PRINT:IF KK=1 OR KKe3 THEN R$w® -=> * ELSE R$=" <(-- °*
3130 FOR I=1 TO LLSPRINT I{RSItIF KK<3 THEN PRINT A(1,0), ELSE PRINT A(O,I),
3148 IF ZP7%=0 THEN 3160

3130 LPRINT ItR$18IF KK<3 THEN LPRINT A(I,0), ELSE LPRINT A(O,1),
3160 IF IQ%=0 THEN 317QELSE IF KK<3 THEN PRINT #2,A(1,0) ELSE PRINT #2,A(0,1)
3170 NEXT ItPRINT:IF ZPX=1 THEN LPRINT

3180 GOSUB 7420

31990 IF JJ=@ THEN 7470

3200 FOR I=1 TO LL

3210 IF KK>2 THEN 11I=A(@,1) ELSE lI=A(1,0)

3220 IF II=1 THEN 3270

3230 FOR J=@ TO NNtIF KK>2 THEN 3290

3240 SWAP A(1,J),A(II,J)1GOTO 3260

3250 SWAP A(J,1),A(J,I1)

3260 NEXT J

3270 NEXT 1

3280 GOTO 7499

3299 IF KK>6 THEN 3560

3300 MM=1:GOSUB 4890

3310 IF EEX>® THEN 680

3320 IB=NR:JB=NCtIMM=21GOSUB 4890

3330 IF EEZ>3 THEN 680

3340 IC=NREJC=NCtIF JC=IC THEN 3360

3330 EE%=61GOTO 480

3360 IF JC=IB THEN 337QELBE EEX=B81GOTO 680

3370 IF KK=3 THEN 3J420ELBE MM=Bt11l=]11GOSUB 5900
3380 IF EEZ>® THEN 680

3398 LL=NRINN=NCt1I1Q=JBISWAP 1Q,IBtJJ=01GOSUB 5530
3400 IF EEZ>® THEN 680

3410 SWAP 1Q, IBtGOTO 3440

3420 MM=Q:NR=JBINC=JBtGOSUB 4720

3430 IF EEZ>@ THEN 680

3440 FOR J=@ TO JB-1

3450 FOR I=0 TO JB-1tX=Q!'

3460 FOR JJ=0 TO IB-11XX=Q!'

3470 FOR 11=@ TO IB-1

3480 XX@XX+C(II,JJ)®B(II,I)INEXT II

3498 X=X+B(JJ,J) eXXINEXT JJ

3380 IF KKe3 THEN 3320

3510 S(I+IPyJ+JP)=B(I+IP,J+JP)+X1GOTO 3330

3920 A(I+14J+1)=X

3330 NEXT 1,J

3340 GOSUB 6240

3350 GOTO 7490

3360 MM=B1]I=11GOSUB 3900

3370 IF EEZ>® THEN 680

35680 JJ=@:LL=NRINN=NC?!IB=1tJB=11GOSUB 3330

3590 IF EE%>0® THEN 210ELSE MM=Q:GOSUB 4890

3600 1Q=I1PtJQ=JPISWAP LL,NRISWAP NN,NC

3610 JJ=2:GOSUB 3330

3620 IF EEZ>® THEN 210

3638 SWAP LL,NRISWAP NN,NC

3640 GOSUB 3490

3630 IF EEZ>® THEN 210

3660 IF 1Q+IC-1<mLL THEN 369@ELSE GOSUB 7340

3670 IF JJ=1 THEN 3440

3680 GOTO 210

3690 IF JQ+JC~i1<=NN THEN 3710ELSE GOSUB 7340

3700 IF JJw=1 THEN 344QELSE 3680

3710 FOR I=) TO IC:IlwIQ+l-1tLL=]IP+]I~-1

3720 FOR Jw=1 TO JC8JJ=JQ+J~1INN=JP+J~1

3730 IF KK=7 THEN 3730

3740 S(II,JJ)=A(LLINN)1GOTO 3760

3750 S(I1I1,JJ)=S(11,JJ)+A(LLINN)

3760 NEXT J.1

3778 GOSUB 62DV

3768 GOTO 7490

3790 'File Management

3800 IF FK%=@ THEN 74B@ELBE XRX=FKX

3810 PRINTtPRINT “PRESS1°tPRINTIPRINT TAB(18) "< 1 > To TAG L A J*"sPRINTSPRINT
TAB(1@) "< 2 > To TAG C 8 2°

3820 Re=INKEYSIIF Re="° THEN 3820

3830 IF Re="1° THEN 38460 ELSE IF Re=°2" THEN 3870 ELSE 3820
3848 MM=D:GOTO 3880
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3870 nMe0

3800 IF KKe9 THEN 433BELSE GOSUB 4890

38990 IF EEZ>0 THEN 680

3990 PRINTIPRINT °eAllocate a New File®11GOSUB 5820
3910 IF JJ=1 THEN J3928ELSE 4100

3929 GOSUB 3860

3932 IC=1CeXRZ

3948 PRINTIINPUT®eFull ID1"(Ts

39950 [1=XR%ZIGOSUB 6220

3998 JB=-B0

4008 FOR J=1 TO NC

49108 FOR I=1 TO NRiIF JB=B3 THEMN GOSUB 7890

4020 JBe=JBe4

4030 IF MM=@ THEN Te=TS+MKSS(A(I,J)) ELSE Te=TserKE8(8(1,J))
A40AQ NEXT [,JtIF JB=@ THEN 4Q7BCLLSE GOSUR /890

4870 IF FKZ>®=]1C THEN 74A9BELSE FKX=IC16USUB 7490

A@92 ‘Look for old file of adeauate size

4100 XRL=)

4110 GOSUB 7390

4128 1F NRONC)>2@e (NN-XRX-1) THEN 4150ELSL GOSUB 6100
4138 PRINT®®0.K. to USE this File®{1GOSUB 3820

4148 IF JJ=0@ THEN A13BELSE I1C=NNIGOTO 3940

4139 XRYU=NNIIF XRZ<FKY. THEN 4110

4160 PRINTIPRINT °eNo Available Slot. Must Use NEW FILE®1GOSUB 3830
4170 IF JJ=0 THEN 21QELGE 3920

4220 NR=1iNCeJ

4238 GOSUB BABOIPRINT " IDt ° | TS1PRINI “MNumber of Rows ® *J11PRINT “Nu
Columns = °|JIGOGUB 4720

4240 IF EE%>@ THEN 6OQELSE I1B=01

4230 FOR J=1 TO NC

4260 FOR J=1 TO NR:IF 1B<B1I THEN 4280

4270 XR%=XR%+11GET 1,XR%t[D=}

4280 X=CVS(MIDS(BFS,IB,4))

4290 IF M1=0 THEN A(1,J)=X ELSE S(l.J)ex

4300 IB=lBe4LINEXT 1,J

4310 GOTO 7490

4320 'SBearch for nesded file

4338 XxR%=1

4340 SD$=°°1PRINTIINPUT °eSearch 1D°1SDs

4330 JP=LEN(SDS)

4360 GOSUB 7390

4380 IF GDS<OLEFTS(TS,JP) THEN AAIDBELGE 4220

A410 XRA=NNIIF NNCFKY THEN 4360

4420 PRINTIPRINT L *(BD81°) NOT i1n FILE*IIF PQL=2 THEN RETURN ELBE 7300
4430 'Garbage Dimposal

4440 JF FK/%Z=D THEN 7480

4450 IP=11XR%L=1

4460 GOSUB 6180

4470 PRINTIPRINT "eOK to DELETE?*1GOSUB 5030

A4B0@ IF JJ=1 THEN 4540 ELSE NR=]INC=J!GOSUB 3868
4490 IC=1P+1C

A30Q TS=LEFTS(BFS,6)+MKIS(IC)+TSILSET BFS=T81PUT 1,1P
4310 IF IPC<XRY THEN 4330 ELSE IP=ICIGOTOU 4340

4520 GET 1,XR%ZIPUT 1,1P

4530 IP=IP+1tIF IP=IC THEN 4540 ELSE XR%=XR%+11GOTO 4520
4340 XRL=NN

4330 IF XR%ZSFKL THEN 4460

4360 FKYL=1C1GOTO 7490

4378 'BTORAGE MANAGEMENT PRIMITIVES

4580 ‘Erase a matrix

4399 11=TTA(B,MM)11F 11=@ THEN RETURN ELSE JJ=TT%Z(1,MM)IIF MM{>® AND MM<>B THEN
4600 ELBE Il=Il+1tJJull+)

A600 TTX(B,MH)I=DITTL(1,MM)=DIAA%LSAAL-]1JJ

4610 ON MM+1 GOTO 4620,4630,4640,45630,4660,4678, 4680, 4690, 4700
4620 ERASE ASRETURN

44630 ERASE BtRETURN

4640 ERASE CtRETURN

4630 ERASE DIRETURN

4660 ERASE ESRETURN

4678 ERASE FI1RETURN

4680 ERASE G!RETURN

4690 ERASE HIRETURN

4709 ERASE St1RETURN

4710 'Allocato a Matrix

4720 IF TTZ(O,HM)>@ THEN GOSUB 4590

4738 II=NRtJJ=NC

4749 IF MM=0 OR MM=B THEN 4760

4750 Il=II-18JJ=JJ-1

4760 AA%SAAY+(11+1)e(JJ+1)

4770 TTZ(@yMM)=NRITTZ(1,MM)aNC

4780 ON MM+l GOTO 4790, 4800, 4810,4820, 4830, 4840, 4650, 4860, 4870
4790 DIM A(I1,JJ)tRETURN

4800 DIM B(I1,JJ)$RETURN

4810 DIM C(I1,JJ)tRETURN

4820 DIM D(11,JJ)tRETURN

4838 DIM E(I1I1,JJ)tRETURN

4840 DIM F(11,JJ)3RETURN

4830 DIM G(II,JJ)IRETURN

4860 DIM H(II,JJ)IRETURN

4870 DIM 8(11,JJ)tRETURN

4880 'Get size of matrix

4890 GOSUB 4940

4900 IF TTZ(O,MM)>@ THEN 4920

4910 EE%Z=21RETURN

4920 NR=TTZ(B,MM)INC=TTZ(1,MM) tRETURN

4930 'Get matrix identifier

4940 Q®=MIDS("ABCDEFGHS® ,MM+1,1)1Qs="( *“+Q$+" 1" IRETURN

49%Q 'Assignment Command Images

496D ON KK GOTO 497@,4980,4990,5000, 5010, 5020, 5830, 3040, 5030, 5040, 5070, 3080, 3090
+15100,5110,5120,5130,5140,5150,5160

4970 Q$="[@®) ~-> A"tRETURN

4980 Q$="A --> B°IRETURN

4990 Q#="A —-> C tHETURN

3000 Q%="A D* :RETURN
5010 Qs=°"A E"tRE TURN
5020 Qs="A F* :RETURN
5630 Qs="A G*"tRETURN
5040 Qs="A H® tRETURN
5050 Qs="A S*$tRETURN

5060 Q$="A --> S[piql® IRETURN
5070 Q$="S <-- [@)"tRETURN
5080 Q$="A «-- B®:RETURN
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5890 A «-- C"tRETUHKN

5160 A D* tRETURN
53110 A < E°1RETURN
3120 A <~= F*"tRETURN
5138 A v G*$RETURN
5140 A < H*® sRETURN
5150 A< S*1RETUKN
3168 A (== S(piql* IRETURN

5170 'Arithmotic Statement Command lmages
5180 ON KK GOTO 3190,5200,5210,3220,5230,5240,5290,3260,8070

3190 A <-- B ® C*1RETURN

3200 3 B ¢ C°tREJURN

5210 B - C"tHETURN

3220 Transposo of B®tRETURN
530 € ® A (c a scalar) tRETURN
5240 Negative of A®IRETURN

L2509 Invorse ot A®tRETURN

5260 Q#="SOLVE: S X = A for X (RESULT =--> A)*IRETURN

5270 ‘lInput/output Command leages

3280 ON KK GOTO 3299,3100,5310,3320,3338,9340,53%0,3360,5370
5290 Qt="Input Elements of A (by Rows)®tRETURN

3300 Qs Input Selected Elements of A®tRETURN

3310 Display A°1RETURN

5320 Displey S*tRETURN

5330 Prant A®3RETURN

3340 Praint S°®I1RETURN

3330 ERASE Selected Matrices (A(...I1M{Y)*I1RETURN
3360 A or S --> FILE® tRETURN

3378 A or 8 <{-- FILE®I1RETURN

5380 ‘'Special Matrix Arithmetic Operations

5399 ON KK GOTO 5400,3410,5420,5430,54408,5450,%460,5470

3400 Q Row Permutation AlTg.) ==> A(P(I)1.)" tRETURN
5410 Q Row Permutation A(PUINE.) ==> A(11.)°tRETURN
3420 Q Column Permutation AC(.11) ==> A(.IP(1))°IRETURN
5430 Q Column Peroutation A(.IP(1)) -=> A(.11)°IRETURN
5449 Q <-- B' e C » B*1RETURN

5430 Q ¢== Slpiq) ¢+ B* & C @ B IRETURN

3480 Q <-- S(pia) + Alrisinrine )® 1RETURN

5470 Q8="S(piq) <-- Alrintnrins)*1RETURN
5480 'Utilitien
5490 ON KK GOTO 5300,5510,352015530
5500 Q$="DISPLAY Current Sizes of Matrices® tRETURN
9310 Q DISPLAY/LIST Commands Executed in Current Run®tRETURN
3320 Q DISPLAY/LIST Directory of Filaed Matricos® tRETURN
5538 Q$=°COMPACT the file (Garbage Collection).®tRETURN
3340 ’'Input Indices of Pivotal element
5530 IF PQ%=0@ THEN 5570
5960 IP=aIX(JJ+1)tJP=IX(JJ+2)tRETURN
9570 GOBUB 4940
5580 PRINTIPRINT #Ilnput tho INDICES of the PIVOTAL ELEMENT of °(Qs
3590 INPUT ° Row Index®{IPtIF IP>@ THEN 3620ELSE GOSUB 7340
3600 IF JJ=1 THEN 5590
3610 EEZ=3tRETURN
3620 IF IP+IB-1<=LL THEN 36AQELSE GOSUB 7340
5630 IF JJ=1 THEN S359QELSE 5610
5648 INPUT * Column Indax® (JPIIF JP>O THEN 3660ELSE GOSUB 7340
5650 IF JJ=1 THEN 3640ELSE 3610
5660 IF JP+JB-1<=NN THEN RETURN ELSE GOSUR 7340
3670 IF JJ=1 THEN 95640ELSE 3610
5680 °'Size of submatrix
3690 IF PQZ%=@ THEN 3710
5700 IC=IX(3)e¢JC=IX(6)1RETURN
5710 PRINTIPRINT"e5{zae of Submatrix of *{Qsi":°
9720 INPUT ®eNumber of Rows®{ICIHIF 1C>0O THEN 575BELSE GOSUB 7340
5730 IF JJ=1 THEN 3720
5740 EEX=43RETURN
5758 IF IP+IC-1<=NR THEN S577QELSE GOSUB 7340
3760 IF JJ=1 THEN 372QELSE 3740
5770 INPUT "eNumber of Columns®{JCtIF JC>@ THEN 379BELSE GOSUB 7340
5788 IF JJ=1 THEN 95770ELSE 5740
5790 IF JP+JC-1<=NC THEN RETURN ELSE GOSUB 7340
9800 IF JJ=1 THEN 377@ELSE 3740
5810 ‘'Query
3820 PRINT®?*
56830 PRINT"#Presc < 1 > 1f YES, < @ > 1f NO"1JJ=0
5840 RS=INKEYS$!IF R$=*" THEN 5840 ELSE IF R#="0" THEN RETURN
5050 IF R$<>"1° THEN 5830 ELSE JJ=11RETUKN
5860 IC=NRSNC/20tIF 20#1C<NR#NC THEN 35880
58708 IC=IC+11RETURN
5880 IC=IC+2:RETURN
%890 'Establish or change size of matrix
5900 GOSUB 7300
5910 IF EEZ>0 THEN 3930
5920 IF II>@ THEN 3990ELSE 3940
5930 IF 11=0 THEN S96QELSE 5998
5940 IF PQ%>® THEN RETURN ELSE PRINT"eChange Size?®1GOSUB 3830
9950 IF JJ=@ THEN 5970
5960 EE%Z=0tGOSUB 7530
%970 IF EE%Z>® THEN RETURN ELSE GOSUB 4720
TURN
;Zgg ?E PQZ>® THEN RETURN ELSE PRINT®sImitialize?®tGOSUR 5830
6000 IF JJwi THEN SP4QELSE RETURN
6010 'Display IMAM Commands i;zg;dDAT
GLOSE 2:O0PEN =1°,2," IMAM. . -
:gg: S;'n'[HAH Version 2. COMMANDS Issued!*®:GOSUB 7680
6048 IF 1P=® THEN 6@5@ELSE LPRINTILPRINT SD$:LPRINT
=0t 480t PRINT SD$:PRINT
:gzg jj-gJE?f$:P8T #2,R$11F EOF(2) THEN 611@ELSE PRINT TAB(3)">°(R$
6070 IF IP=1 THEN LPRINT TAB(3)°>{Rs
6080 [F PPZ>@ THEN PRINT #3,R$
6090 IF JJ<20 THEN 62:°¢10¢ELBE sana
- TH
z:?: {: :ggs;'TNEN 1010ELSE ED$=*END of RUN.®
6120 IF IP=1 THEN LPRINT TAB(S)®>*iSD®
6130 RETURN
6140 'Matrix Row Header -7 ELSE JJ=32
N JJ=B8eNC-
:::g ;2-7233 I?Ealaur'(sra-(x)-LEN(BVR'(""l”'1"'“5703"
6170 'Get and Display Header Data
6180 GOSUB 7390 AETURN
61908 IF EE%Z>® THEN
6200 ;RINTIPRINT'DIDI'IT"PRINT TAB(8) “Number  of

of Columns® $J:RETURN

Rows® § I tPRINT TAB(B) *Number
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6LI0
6240
6230

*Hecord pivot
IF 2Q%=0 THEN
IF ZQ%Z=0 THEN

SUIP)I+BTRS(JIP)

1indices
RETURN ELSE PRINT @2,°Indices pinq

“*STRS(IP)*ETRS(JP)t RETURN

RETURN ELSE PRINT @2,°Indices plalris °+STRS(IQ)+*STRE(JQ)*STR

6268 PRINTOD2*Submatrix size “*STRS(IC)+* by °**STHE(JC)IRETURN
6310 ‘Matrix Inversion

6320 X=1!

6330 FOR 11=1 TO MNIA(O,I1)=]ItA(1],0)=lTsNEXT ]
6348 FOR JJ=1 TO NI1IF JJaN THEN 6440

6350 YY=BilLleJJitMriady

63608 FOR 11aJJ TO N

6370 FOR KKwJJ TO M

6380 CGQ=ABS(A(I1,KK))IIF QQ<=YY THEN 6480

6398 YY=QQiLL=1]tMHeKK

6403 NEXT KKINEXT 11tIF LL=JJ THEN 6420

6410 FOR 11=0 TO NISWAP A(JJ 1) ,AlLLII)INEXT [}
6420 IF MMeJJ THEN 6440

6430 FOR 1120 TO MNISWAP A(I1,JJ) ACTI MM INEXT 11
6440 QQ=A(JJJJISIF Q420 THEN 6460

6430 X=0'IEEX=51RETURN

6460 FOR 1=l TO NIIF 11=JJ THEN 6400

6ATD A(JJ11)=A(JJ,11)/QQ1GOTO 6490

6408 A(JJ, JJ)=]'/QQiX=XeQQ

6A98 NEXT 11 *

63508 FOR Il=1 TO NilIF J1=JJ THEN &69560ELSE QQ=A(11,JJ)
6310 FOR KK=1 TO N

6328 IF KK=JJ THEN 654BELSE A(11,KK)=A(I],KK)-A(JJ,KK)eQQ
6338 GOTO 6530

6348 A(11,JJ)=-QQeA(IIVJJ)

6338 NEXT KK

6368 NEXT 11

6370 NEXT JJ

6388 FOR 11=1 TO NISWAP A(D,11),AC1I,@)INEXT 11

6399 FOR [I=1 TO N-1t1F A(I1,@)all THEN 6640

6600 FOR JJ=11¢1 TO NIIF A(JJ,@)<>1] THEN 6630

6610 FOR KK=Q TO NISWAP A(11,KK) A(JJ,KK)INEXT KK
6628 GOTO 6640

6630 NEXT JJ

6648 NEXT 11

6639 FOR 11=1 TO N-11IF A(D,11)=1] THEN 6700

6660 FOR JJm]1l+1 TO NtIF A(D,JJ)I<O>1T THEN 6690

6670 FOR KK=0 TO NIBWAP A(KK, 1I) A(KK,JJ)INEXT KK
6688 GOTO 46700

6690 NEXT JJ

678d NEXT I1

6710 RETURN

6728 'Simultaneous Equations Bolver

6738 FOR 11e]1 TO N1S(O,JI)=]IINEXT 11

6740 FOR I1=1 TO Ni1QQ=@tLL=IItMM=]1

6738 FOR JJ=I1 TO N

6768 FOR KK=II TO NtIF QQ>=ABS(S(JJ,KK)) THEN 6780
6770 LL=JJtMM=KK1QQ=ABS(B(JJ,KK))

6780 NEXT KKINEXT JJtIF Il=LL THEN 6830

6798 FOR JJ=) TO N

6800 QQ=S(I11,JJ)I18(I1,JI)=S(LLJJ)IS(LL,JJ)I=QQINEXT JJ
6818 FOR JJ=1 TO M

6820 QQ=A(I1,JJ) tACTIIJJ)=ACLLJJ)TA(LL,JJ)I=QQINEXT JJ
6830 IF Ile=MM THEN 6860

6840 FOR JJ=1 TO N

6830 QA=S(JJ, 1) 6(JIy11)=S(JJ MM IS(II,HM)I=QQINEXT JJIEWAP 5(0,11),6(0,MM)
6860 QQ=B8(I1,11)1]IF QQ<>0 THEN 66880

6870 EE%=121RETURN

6888 QQ=1'/QQ

6898 IF Il=N THEN 6920

6900 FOR JJ=I1+1 TO N

6910 B8(11,JJ)=S(11,JJ)®QQINEXT JJ

6920 FOR JJ=1 TO M

6930 A(11,JJ)=A(11,JJ)®QQINEXT JJ

6940 IF IICN THEN 693Q@ELSE 7000

6950 FOR JJ=11+1 TO N1QQ=S(JJ,I11)

6960 FOR KK=1I+1 TO N

6970 B8(JJKK)=S(JI KK)-S(11,KK)®QQINEXT KK

69608 FOR KK=1 TO MIA(JJ KK)®A(JJ KK)-A(T]1,KK)®QQINEXT KK
6990 NEXT JJ

7000 NEXT 11

7010 FOR 1I=N-1 TO 1 STEP -1

7020 FOR JJ=1 TO M

7030 FOR KK=11+1 TO N

7040 ACI1,JJ)I=A(I]JJI)-A(KK,JJ)®S(]]1,KK)

7830 NEXT KK

7068 NEXT JJ

7070 NEXT 11

7080 FOR lI=1 TO Ni1IF II=5(Q@,11) THEN 7130

7090 FOR JJ=i TO NiLL=JJECIF S(@,JJ)<>I1 THEN NEXT JJ ELSE 7100
7100 FOR KK=1 TO M

7110 QA=A(II KK) tACITKK)=A(LLyKK) TA(LLyKK)=QQINEXT KK
7120 S(O,LL)=S(@,11):8(0,I1)=11

7130 NEXT I1I

7140 RETURN

7150 'Main Commands

7160 ON KK+1 GOTO 7980,7170,71808,7190,7200,7210,7220,7230, 7240, 7250
7170 Input/Output/File Management® tRETURN

7180 Assignment (Bj...iH{5 to/from A)" :RETURN
7190 Arithmetic Operation® tRETURN

7200 Special Matrix Operation®:RETURN

7210 erform a Utility Function® tRETURN

7220 Create a User Module® tRETURN

7230 Enter a User Module® tRETURN

7240 Q$=°"QUIT (End of Current Problem Run)®tRETURN
72358 Q$="BTOP (End of Bession)®IRETURN

7268

7280 IF Kh=9 THEN BYSTEM ELSE PRINT °«Press ANY Key to START on a NEW PROBLEM®

7290
7300
7310

lumn.

7330

GOSUB B4B0Q!1PPZ=011F ZQZ%=0 THEN 7270Q ELSE PRINT °®Commands Issued Will Be Dis
played” 1GOSUB 6020
7270 1IF FK%<=1 THEN 7288 ELSE GET 1,18TS=LEFTS$(BF$,4)+MKIS(FKX)+RIGHTS(BFS,74)1L
SET BFS=T$:PUT 1,1

IF INKEYS$="*®
GOSUB 4890
IF EEY%=® THEN

) " tRETURN
'Error condit

THEN 7290 ELSE 140

7320ELSE PRINTIPRINT Q®§° I8 NULL.®IRETURN
7320 IF PQZ>®@ THEN RETURN ELSE PRINTIPRINT Q$i® has

ion handling and special routines

7340 PRINTIPRINT °®INVALID Input. RE-TRY?"1GOTO 3830

7330

"Abort option

78
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IF PQX=2 THEN 7390 ELBE PRINTIPRINT °eGO?*

GOBUB S

1IF JJe@ THEN RETURN ELGL PRINT *eTASK ETECUTION Ongoine.*
1F 2PX>0 THEN LPRINT TAB(3)°>°(Qs

1F ZQL>8 THEN PRINT e2,Q8

RETURN

PRINTIPRINT e CONTINUE?* 1GOTO 383D

‘Set Error Codes

EEX=101G0TO 660

EEX=91GOTO 600

IF PQZe2 THEN RETURN ELGE PRINTIPRINTIPAINT °eTass COMPLLITED.®
s Any Key to CONTIMUE.®

THEN 7510CLGE IF PQX’0 THENM RETURN ELSE .10

PRINTIPRINT®eSI2E of Matrin *1Q81°1°

INPUT®sNuaber ©f Rows®INRIIF NA>@ THEN 7368CLBE GOSUB 7340
IF JJ=3 THEN 73AGELSE EEX=181RETURN

INPUT " oNuaber Of Columns®(NCIIF NC)@ THEN RETURN ELBE GOSUB 7340
IF JJ=1 THEN 7360ELGE EEX=1B1RETURN

‘Get a Hesder

GLTY 1,xA%

1=CVI(NIDO(BFS,1,2))

J=CVI(HIDS(BFS,3,2))

MNeCVI(MIDS(BFS8,7,2))

Te=MIDS(BFS,9,/2)

RETURN

‘Line Printer Heading

PRINTIPAINT® eNeed & Mard Copy® |1GOSUB 3820

1P=BIIF JJ=8 THEN RETURN ELDE 1Pe1

PRINT *eTOP of PAGE®11GOSUB 3020

IF JJ=1 THEN LPHINT CHRS(12) CLSE LPRINT

INPUT “oTitle"1Ts

LPRINT TSIRETURN

*Command Display

JJe111F PQX=2 THEN RETURN ELBE BWAP KX,PPX1GOSUS 7000
BMHAP KK,PP%IIF PPL=0 TMEN 7010

ON PPX GOSUB 5200, 4968,3100,5390,54%0

PRINT®e T A O K & °1Q81GOTO 7348

PRINTIPRINT TAB(10) 100C1° - °IQSIRETURN
‘Display Current Gtatus of Matrices
GOSUB, 8480

FOR rr=8 TO BIEEX
NEXT rm
PRINTIPRINT AAXI® LOCATIONS Allocated for ARRAYS.®160TO 7388
LOET 3Fs-Ts

PUT 1, XRXIXAI=XRX¢11JB=01T8="" IRETURN

1GOSUS 7380

PRINTIPRINT® INVALID FILE GEMNERATED °1GOTO 7490
‘User-Generated Modul
GOSUB DBAB@IPRINT esee KEY IN or MERGE your MODWES®

PRINT TAB(D)°ENTRY POINT must by Otatement Nusber Shown Below® IPRINT TABI(Y)

“Btatement Nuabers sust be NOT LOWER than 10000.°

7930
7960
7978
79090
7990
8008
1)
o829

PRINT TAB(3)°RETURN to IMAM with a GOTO 218 SBtatement.”1AUTO 10000:8TOP

Qs=‘Line Print a NMessage’ IRETURN

GOSUB BADRIPRINT “eTOP of PAGE?° 1GOSUB 3830

IF JJ=1 THEN LPRINT CHR$(12) ELBE LPRINT

GOBUB BABBIPRINT " oKew In MEBBAGE (Limit Each LINE to B8 Characters)*
PRINT*ePress ENTER After Each LINE.°IPRINT ePress ENTER THICE After Kewing

In LABT LINE.*

PRINT BTRING®(79,561)
. 1 Qe

IF Qs THEN 210 ELSE LPRINT Q81GOTO B840

IF PPX>® THEN 210 ELBE 399

Qe="Ejgen~VP ((A)-e({B))t w's -=> Diag [A)y Vects --> Cols (B)*IRETURN
IF N>=2 THEN 8100

R NVALID or NON-EXISTENT Data for Eisenvalus Probles.®1GOT0 820

MM=] 1GOBUB 4BYD

IF EEX>® THEN 660

IF NRCONC OR NRCOON THEN 8870

FOR 1=0 7O N-1

FOR J=] TO N-11Q=B(J.1)1IF I=D THEN 0168

FOR K=@ TO 1-11Q=Q-B(1,K)0B(J,K) INEXT K

IF 1<>J THEN 81%0

IF Q)8 THEN 6168 ELBE Re=°(3) is Bingular.*i1G0TO 829

3(J, 1)=BQR(Q) 1GOTO 68280

B3I, 1N=Q/BC1. 1)

NEXT Jy1

FOR J=0 TO N-1

FOR 1=0 TO JIIF J>1 THEN 8238 ELBE B(J,J)=1/B(J,J)1GOTO 8268

Q=0

FOR Kel TO J-11Q=Q-B(J,K)®B(K, 1) INEXT K

B(J,y1)=Q/B(J,J)

NEXT 1,J

FOR 1=@ TO N-2

FOR Jm1+l TO N=11B(1,J)=B(J 1) IBI(J,I)=@INEXT J,1

PQX=21KK=31608UB 15

PQX=@tIF EEX>® THEN 660

PQX=21PPX=A IKK=31GOBUD 640

PQX=01191=11606UB 4598

M=21GOSUB 4399

MM=81608UB 4718

FOR =1 TO NIB(1,1)=1 ) INEXT 1ITT=RIKT=0

FOR 1=1 TO N-1

FOR Julel TO NITToTT+A(I,JIA2INEXT J,1$TT=B8QRITT)®21QQ=.00016TT/N
TT=TT/N

FOR 1=1 TO N-1

FOR Jnl+1 TO NiXwA(I,J)1IF ABS(X)<=TT THEN BA4D ELBE X=-Xi1Yw,38(A(l,1)-AtJ,

J))1T=BGN(Y)eX/BQR(XeX+YeY) 1XuT/BQR(20(14BQR(1-TeT))

11Y=EQR(1~XeX)
8410 FOR 11=1 TO NITeS(I1,1)8QeB(11,J)1B(11,1)aTev~QeXIB(11,J)aTex+QovITeA(IL, 1)

1QeA(T1,J) 1ACLI], 1)=TeY—QeXtA(1],J)=TOX+QeVINEXT I1

BA20
8430
8430
BALO
B8A70
8480
8320
a338

8348
8330
8368

FOR Ilm) TO NIT=A(I,11)1QeA(J, 1)

AlL,1])mYeT=XeQIA(J, 1) =XaTeYeq

NEXT 11IKT=KTe1

NEXT J,111F KT=@ THEN 8478 ELBE KT=21GOTO B340

IF TT>QQ THEN @380 ELSE 7499

PRINT CHR$(140) tRETURN

PRINTIPRINT *"®To CONTINUE®1GOTO 7309

PRINTIPRINT ® OUT OF MEMORY.®|tR$="Pla. FILE or ERASE Unneeded Matrices

TTX(@, M) =@ITTX(), M1)=@11F MM AND MM<O>B8 THEN 8330 ELBE NReNRe¢1 INCeNC+)

AAZ=AAX-NRSNC | REBUME 820
IF PQX>® THEN RETURN ELBE 210

10008 PRINTIPRINT® oUBER MODWLE is NON-EXISTENT. ® tPQX=@1GOTO 7380
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