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LINEAR ALGEBRA USING PASCAL MT+

Introduction to Linear Algebra Calculator

%*5 Z...
°

This program solves the two major problems of linear .

algebra: (1) the determination of the eigenvalues and

Uigenvectors of a square matrix "A" and (2) the solution of

simultaneous equations "A X = B" for an n by n invertible matrix I

"A" a.nd any n by m matrix "1". One must use the built-in matrix

editor to enter the matrices "A" and "B". A program , based on

oigenvalues of a companion matrix, to calculate the roots of a

polynomial with real coefficients is also included. The source

code of the mathematical routines and I/O routines could be used

to build a more elaborate matrix calculator that might include

disk I/O, a more flexible editor, addition and multiplication of

matrices, and a matrix expression evaluator. This program does

not have these capabilities.

The hardware configuration necessary to run this program is

an IBM PC with 128K of RAM memory and one double-sided drive. It0[
is written in Pascal MT+ and thus the source code could be

compiled with any MT+ compiler after making a few modifications

to the system I/O routines. Depending upon what floating point . -'

library is linked in with the compiled code, the program may be

run with an 8087 chip or an 8088 chip.

To run the program one may do any one of the following: (I)

if the machine is off, insert the progam diskette in drive A and Codes

S-• .-
......~ -S d /or ' ""'
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turn the power on; CPM-86 will be loaded and the program, called

MATRIX, will be executed; (2) if the machine is on, insert the

diskette in drive A arid do a warm boot by pressing "Ctrl-Alt-Del"

simultaneously; CPM-86 will be loaded and the program will be

executed; or (3) if CPM-8b has been loaded, insert the diskette

in drive A, make the CPM prompt say A>, and key in MATRIX

followed by carriage return. There are obviously other

possibilities. The program and all its overlays could be

transferred to RAM disk M nd executed from there with M also the

default drive. One must always have the program and its overlays

on the default drive because the program looks for its overlays

on the default drive.

Brief instructions on how to use the program will now be

given. When the program is executed, the main menu is displayed.

By pressing "G", one can view some very brief instructions. They

are intended for somebody who has never run the program before or

who does not like to read documentation. Before doing any matrix

work, one must press "F" to bring up the matrix editor and

displayer. The menus are self-explanatory and channel the user in

the desired directions. To do matrix work one must enter a matrix

"A" but the entering of "B" is only necessary for solving "AX =

B". Only one matrix "A" and one matrix "B" may be stored at a

time. To enter a new matrix after one has already been created

one must answer "Y" to the erase prompt.

When matrices "A" and "B" are first created, they are

initialized at all zeros. The user then edits the matrix in

increasing column order. Each column will be displayed for

I
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editing. If one answers "Y" to the column correct prompt, then

the next column will be displayed for editing. If one answers

"N', the cursor will be positioned at the entry in the first row ,...

of that column. If one wants to change that entry, he enters a .

new number followed by return. If one simply enters return, the

entry is not changed and the cursor is positioned at the next

row. After the entire column has been edited, the column is

redisplayed with the same prompt. To edit column 4, one is forced

to first view and answer "Y" to the first three column correct

prompts. A compromise on flexibility and editing speed for user

friendliness and less programming has been made here.

Once "A" has been entered, one may return to the outer menu

to calculate the inverse, determinant, eigenvalues, and

eigenvectors. If "B" has been entered also, one can press "C" to

solve a linear system "A X = B". One can solve for the roots of a

polynomial by pressing "A". One enters the coefficients of the

polynomial within this segment of the program, not in the

editor.

Two possible I/O problems are the following: (1) real numbers

are not filtered for underflow or overflow when inputted; they

have to be entered in the interval L1.0 E-307, 1.0 E+307]; and

(2) the printer must be on-line ( or must be put on-line when the

CPM-86 error message is displayed) if a hardcopy is desired. If

one cannot get the printer on line after a hardcopy was

requested, CPM-86 exits the user back to a system prompt and the -

entered matrices "A" and "B" are lost.

, 3
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An example matrix "A" to key in is : column I is the vector

(1,3,6), column 2 is the vector (-3,-5,-6), and column 3 is the

vector (3,3,4). Let X and r (not variables in the Program Matrix)

stand for the associated eigenvector and eigenvalue in the

equation "AX=rX". The eigenvalues of "A" are 4,-2, -2 and the

associated eigenvalues are respectively (1,1,2), (-1,1,2) and

(1,3,2). It should be noted that eigenvectors returned by the

calculator will differ by scalar multiples from those above.

Also, keep in mind instead of (-1,1,2) and (1,3,2) which are

associated with the eigenvalue -2, we could have another pair of

eigenvectors such as (0,4,4) and (2,2,0) which are in the same

eigenspace as the first pair. The inverse of the matrix "A" is

the matrix whose columns are: (I) .125(-1,3,6), (2) .125(-3,-7,-

6), and (3) .125(3,3,2). This matrix has 16 as its determinant.

The polynomial X**3-6X**2+IIX-6 would be entered as the vector

(l,-,l1,6).It has roots 1,2,3.

Description of CRT and keyboard utilities

The utility programs in Module CRTLIB are for cursor

control and filtered input of characters, integers, and real

numbers. This section should be read concurrently with the source

listing of Module CRTLIB. These routines are based upon two CP1-"

86 BIO; 4,,lls, which are implemented in the Procedure Bioscall.

Bioscall has two input parameters: (1) FUNC, a variable of type

CPHOPERATION and (2) OCII, an integer variable. Bioscall, as

presented here, only responds to two inputs, CONIN and CONUUT, of

4



type CPMOPERATION.

In the following, terminal character refers to a character

that is being sent to the monitor to effect a cursor control. To

send a terminal character to the CRT interface(monitor), one

calls Bioscall with input parameters FUNC equal to CONOUT and OCH L

equal to the ASCII number of :he terminal character. The value of

the variable BDOSVAL(integer global to Module CRTLIB) is not used

explicitly; here it is used only to call Procedure @BDOS86. To L

read a character from the keyboard, one calls Bioscall with input

parameters FUNC equal to CONIN and OCH equal to any dummy

integer. The global variable BDOSVAL is set equal to the ASCII

number of the keyboard character pressed. The number 50 in

@BDOS86(50, ADDR(DESCRIPTLIJ)) is the BDOS function number for a

BIOS call. The five consecutive bytes allocated by DESCRIPT are

used for passing information in the @BDOS86 call. For example,

"DESCRIPT[lj:=4" is the Pascal line for console display while

"DESCRIPTLI]:=3" is the line for keyboard input. The Pascal MT+

manual gives a brief description of the MT+ utility @BDOS86 while

the CPM-86 manual gives a detailed discussion of BDOS calls in

its Appendix D. The Procedure Bioscall presented here is a Pascal

implementation combining @BDOS86 with the BDOS calls(for function

number jU) of CPM-86.

One could expand Procedure Bioscall to include all the

parameters in CPMOPERATION by combining the ideas in Bioscall

with Appendix D of the CPM-86 manual. One does not need to use

Bioscall to write an alpha-numeric character to the screen; Write

or Writeln can be used for this. Most of the routines in Module

5
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CRTLIB either call Bioscall or another routine which calls

Bioscall. Function Getchar is the only procedure that calls i
Bloscall with the CONIN parameter.

in order to use the utilities in Module CRTLIB one must call

Procedure Crtinit at the beginning of the main program. Crtinit

initializes the arrays CRTINFO and PREFIXED so that their values

can be used by the utilities in Module CRTLIB.

Function Getchar, using Bioscall, performs the tdsk of

redding a character from the keyboard. The input to Getchar is a

variable set of characters, called OKSET in Getchar's , .

declaration. When Bioscall is called by Getchar to get a

character from the keyboard, Getchar then checks to see if the

character represented by BDOSVAL is in OKSET. If it is, this

character becomes the value of the Function Getchar .ind is used

in the procedure calling Getchar; if it is not, a beep is sounded

arid the process is repeated until a character in OfSET is finally

entered. This version of Getchar automatically changes lower case

to upper case. An example of Getchar being used with OKSETs that

are dynamically changing can be seen in Procedure Getreal.

Procedure Crt is the main routine that calls Procedure

Bioscall with the CONOUT parameter. Depending on the boolean

vLlue given by an element in the array PREFIXED, the leadin

character, ESC, is sent to the monitor and then the actual

terminal character is sent to the monitor. For example, suppose

we want to clear the screen. One uses the variable ERASEOS of

type CRTCOHIMAND as the parameter input to Procedure Crt. Using

6
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ERAS.US as the index variable, Crt sends the leadin character

ESC to the monitor since PREFIXED[ERASEOS] is true and then sends

the character J, which is CR•INFULERASEOS]. It should be noted

that in the above, the ASCII numbers of the various characters

are Actually inputted to Bioscall in Procedure Crt.

One cdn control background colors by using the type COLOR,

the arrays COLORINFO, CRTINFO, and PREFIXED along with the

Procedures Initcolor, Altcolor, and Paint. One then needs to

write procedure similar to Altcolor to change foreground

colors. These would be the fundamental library routines for using

colors.

Procedure Gotoxy(X,Y:INTEGER), which also calls Bioscall

with input parameter CONOUT, places the cursor at vertical line .

number X and horizontal line number Y. The other cursor control

routines are fairly obvious in view of the above discussion.

Procedure Intread is used to read an integer between -32768

arid +32767. The characters are filtered, put into a string,

checked for the proper range, and then converted to an integer.

Intread requires an integer to be entered; one cannot simply

enter carriage return. Procedures Getreal arid Value are used

together to read a real number. Some explanation is required on

the use of Getreal. In the procedure calling Getreal, we have a

string variable, SREEL, initialized at , an empty string of

length zero but still a string. Procedure Getreal reads and

dynamically filters a string of characters and if this string is

of leIIgth greater than zero, this string is returned to the

7 6
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calling procedure by Getreal and SREEL is set equal to it. If

Getreal only reads a carriage return, then SREEL remains only an

"" empty string and Procedure Value is not called. If SREEL has

" length greater than zero, Procedure Value calculates the real

number corresponding to SREEL. Getreal and Value are used to edit

a real number that already exists, either through initialization

or calculation. By pressing carriage return, one can leave an

existing real number as is. This use eliminates a computer crash .

caused by keying in only a carriage return when the usual READ or

READLN wants an actual number. Procedure Value was taken from The

Byte Book of Pascal while Procedure Powrten is from the Pascal L

Users Manual by Jensen and Wirth.

Data and Overlay Description

This program illustrates the use of module overlays, an

ordinary module, matrix types and external variables. This

description explains the manner in which the program was

implemented, and therefore it should be used as a guide to

understanding the structure of the code. Modules are separately

compiled groups of procedures. There are two types: (1) an

overlay module and (2) an ordinary module which must be linked

with an overlay module or main program. The Module CRTLIB is

separately compiled and linked in with the main program. CRTLlIB s

subroutines essentially become a part of the main program(

sometimes called the root overlay) and always are resident in RAM

memory. Since the utilities in CRTLIB are continually being

8 -
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called, it would not be practical to make CRTPLIB an overlay

module and thus force a lot of disk accesses. If a module

overlay( including the main program) uses a procedure in Module

CRTLIB, then the "calling" overlay must declare the procedure as

an external procedure in the calling overlay's declaration

heading just below the variable declarations.

The data storage of the program will now be explained. The

controlling data allocation declarations are (1) the TYPE

DOMAINi=I. .20, (2) the CONST MAXDEG=2J, (3) the CONST

MAXDEGPI=21, and (4) the TYPE DOMRPl=I..MAXDEGPl. MAXDEG,

MAXDEGPi(=MAXDEG PLUS 1), and DO4RPI are used to solve for roots

of a polynomial. DOMAIN1 is the maximum dimension of a matrix

entered as input data. MAXDEG should be set to be less than or

equal to the value of the DOMAIN1 upper bound since the

polynomial root finding technique uses an n by n matrix to solve

an n degree polynomial equation. In this program, the

coefficients of a polynomial are not stored in a global variable(

for the main program) and there is not much I/O to go with the

polynomial routine. It is included as a side benefit to

40 illustrate the use of the eigenvalue procedures as subroutines to

another procedure. Variables that are referred to as global are -

declared in the main program and then declared external in the

overlays that use them. The matrix "A" whose square dimension

is IOUDIM is stored in the upper left-hand corner of the global

variable IOTA and the matrix "B" whose dimension is ROWDIMB by

IOM is stored inthe upper left-hand corner of the global variable

IOTB. IOTA, IOTB, IONDIM, ROWDIMB, and IOM are declared in the

9



root overlay( Program Matrix) and referenced in the appropriate

overlays by declaring them as external variables. The global

matrix "XX" is used to store the solution to "AX=B" and is

referenced as external in Module Overlay2U( whose source code is

AXEUSB.SRC). The global vectors TEVR, TEVI store the real and

imaginary components of the eigenvalues and are referenced as

external in Module Overlay24( EIGENVEC.SRC). The global matrix

TVEC, referenced as external in Module Overlay24, is used to

store the eigenvectors of the matrix "A". Communication of data

between the root overlay (Program Matrix) and the overlay

modules #3,#19,#20,#24 is accomplished by initially declaring the

above mentioned variables in the main program and by declaring

them. external in the necessary overlay modules. The Types of

matrices and vectors must be declared in the root overlay and

redeclared in the overlay modules. When using dimensions less

than the maximum allocated in the Types, all data will be stored

- in the upper left-hand corner of mdtrices or beginning components

of a vector. Intermediate results produced by Module Overlayl

" (LINSYS.SRC), Module Overlay5 (EIGENIIQR.SRC), and Module Overlay6

(EIGENBAL.SRC) are passed as parameters in the procedure calls.

The root overlay (Program Matrix) calls directly six main

* procedures located in six overlays. They are (1) Procedure

Matrixio, located in Module Overlay3, which is the editor for

matrix input, (2) Procedure Help, located in Module Overlay23,

which is a brief set of instructions on how to run the program,

* (3) Procedure Ttrdet, located in Module Overlayl9, which

- calculates the determinant of the matrix stored in variable IOTA,

10~



(4) Procedure Ttsaxb, located in Module Overlay2, which solves

"AX=B" for "A" stored in the variable IOTA and "B" stored in the

variable IOTB or "B" is the identity matrix( used to calculate

the inverse of "A"), (5) Procedure Ttrnaa, located in Module

Overlay24, which calculates eigenvectors and cigenvalues of the

matrix stored in IOTA, and (6) Procedure Ttrpqr, located in

Module Overlay2l, which calculates the roots of a polynomial with

real coefficients. These six procedures which are located in

module overlays must be declared external in the root overlay

heading. After the word "External", the overlay number to which

the procedure belongs must appear in square brackets.

Other external procedures used within these overlays do not

have to be declared within the root overlay; they are declared as

external procedures with the appropriate overlay numbers within

the overlay that calls them. For example, Procedure Ttrdet,

"* located in Overlay Modulel9, calls Procedure Rlud, located in

Overlay Modulel. Therefore, Prccedure Rlud must be declared

external in the heading of Module Overlayl9. Module Overlay3 uses

procedures located in the Module CRTLIB( not an overlay module),

ana therefore these called procedures must be declared as

external in the heading of Module Overlay3. These external

procedures from Module CRTLIB do not have overlay numbers.

0Module Overlay3 (IOMATRIX.SRC) is the module responsible for

*. keyboard input of matrices and printer output of matrices. The

maximum size of the matrix is set in the TYPE DOMAINI = I..20. If

one wanted only matrices of dimension 10 or less, one would set

- TYPE DU14AINl = ..10. One must change these type declarations for

11
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all the overlays that use them. It should be noted that the

editing programs are based upon editing a column of a matrix that

fits onto one screen display. If one wanted to enter a column of -.-.

* dimension larger than twenty, the column display and editing

routines would have to be modified a little. On the other hand it

is not practical to enter a matrix larger than 10 by 10, let

" alone 20 by 20. Large matrices should be generated by a program

or read from a disk file. Fur example, Module Polyroot generates

* a 20 by 20 matrix when one requests the root of X**20=1.

Within this module, Procedure Gvtcolumn and Procedure

Getpolcof are the work horses. Respectively, they take the column

of a matrix or the coefficients of a polynomial and display them

on the screen for editing. These two routines use the cursor

control utilities and Procedures Intread, Getreal, and Value to

edit existing columns. Procedure Matrixio is the editing

procedure which calls the Procedures Edit and Display. Edit

displays menus, initializes matrices, and calls the above

mentioned procedures to edit existing matrices. Procedure

Display, which is somewhat redundant, gives a faster display than

Procedure Edit. Procedure Hardcopy is used to printout the

matrices "A", 4B", inverses, determinants, matrix equation

solutions, eigenvectors, and eigenvalues.

Module Overlay24 (EIGENVEC.SRC), Module Overlay6

-. (IGENBAL.SRC), and Module Overlay5 (EIGENHQR.SRC) are the

overlays which calculate eigenvectors and their corresponding

* eigenvlues. Procedure Ttrnaa takes the global matrix IOTA

12
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containing the matrix "A" and its dimension, IOLJDIM, and calls

the Procedure Rnaa. Procedure Rnaa is the procedure which calls

the Procedures Balance, Elnihes, Eltran, Hqr2, and Balbak, which

together calculate the eigenvalues and eigenvectors. The .'

eigenvalues are returned to Ttrnaa in the global arrays TEVR and '

TEVI. TEVR[I] and TEVI[I] give the real and imaginary parts of

the eigenvalue #I. The eigenvectors are returned in the matrix

TVEC in a not so obvious way. They are returned in an order .-

corresponding to the eigenvalues in TEVR and TEVI. The manner in .1
which TVEC returns the eigenvectors needs to be illustrated by an

example. Let TEVRLIj=l and TEVI[1]=2; the eigenvalue is 1+2i.

Then 'EVR[23=l and TEVI[2]=-2 since eigenvalues and eigenvectors -

of real matrices occur in conjugate pairs. Now the two

eigernvectors that correspond to these eigenvalues are conjugates.

TVEC in its first column will have the real part of eigenvector

#1 and in its second column it will have the imaginary part of

eigenvector #1. Eigenvector #2 will just be the conjugate of this

eigenvector. If the eigenvalue is pure real, then the eigenvector

* is pure real and only one column is necessary. In the case of a

matrix with repeated eigenvalues without a full set of

eigenvectors, the eigenvectors will be repeated in the matrix

TVEC( probably numerically slightly different). These eigenvector

subroutines are Pascal translations by the author of EISPACK

* cigenvector routines in Fortran.

Module Overlay2 (POLYROOT.SRC) also uses Lhe eigenvalue

subroutines to solve for the roots of a polynomial with real

* coefficients. It makes the integer I the leading coefficient of a

13 . . - .*.
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polynomial of degree n and enters the other n coefficients into

the first row of an n by n matrix with l's on the subdiagonal;

this matrix is called the companion matrix and the eigenvalues of

it are the roots of the polynomial. Procedure Ttrpqr does the

preliminaries and Proceduie Rpqr calls the sequence of eigenvalue

subroutines to find the eigenvalues which are returned in the

variables TWR and TWI. Procedure Balbak is not used since the

eigenvectors are not needed. POLYROOT.SRC illustrates the use of -- -."

these subroutines in a real problem and it also serves as a test

of the correctness of the eigeivalue codes.

Module Overlay20 (AXEQSB.SRC) and Module Overlayl

(LINSYS.SRC) are the overlays which solve systems "AX=B" as well

as find the inverse of the matrix "A" (B will be the identity

matrix in this case). Again the "A" matrix is in IOTA and the "B"

matrix is in IOTB. Procedure RLUD does an L-U decomposition on

the matrix in the variable SA( the constant matrix B tags along)

and Procedure Rfbs does the back substitution to solve the

system. In the case where "B" has more than one column, Rfbs is "-*

called IOM times to solve the equations. Proccdures Rlud and Rfbs

(are Pascal translations by the author of a Sandia Labs matrix

equation solver; it is very successful with matrices "A" that are

aimost sinyuldr(no inverse).

Module Overlayl9 (DETERI .SRC) and Module Overlayl

(LINSYS.SRC) are used to calculate determinants. Rlud in

LINSYS.SRC does an L-U decomposition of the matrix TALU( a copy

of luTA) and returns the L-U decomposition in TALU. The matrix L

has ones on the diagonal and therefore the determinant of "A"

14



will be the determinant of "U" which is just the product of U's

diagonal entries.

.. .

Layout of Overlays

Module overlays are divided into groups. Overlays #1 -#16

are in overlay group #1, overlays #17-#32 are in overlay group

#2, etc.. The source code of an overlay module must begin with

its identification number; for example overlay module #1 i..s the

heading, Module Ovurlayl. The root overlay is just the main

program; here it is Program Matrix. This program does not use the
. .

most sophisticated overlay structure. In this program, overlays

"* within the same group do not call each other and there is no

heap. When compiling an overlay, one does not have to specify the

address in RAM memory where the overlay will be loaded. This is

done during the linking process. All the overlays within the same

group must be located at the same address. This address must be

larger than the length of the root overlay including any runtime

library routines or ordinary modules linked with the root

overlay. For example, the root overlay, Program Matrix with

routines from the libraries TRANCEND.R6, 87REALS.R86,

PASLIB.R86, and Module CRTLIB use UFFCII(hex) bytes of storage.

'l e memory allocated for overlay group #1 must be some address

larger than this; here 86UI is used. In the linking instructions

below, overlays #1 - #16 must be directed to begin at 8b001. Then

one looks at the largest length of the compiled overlays in group

#1 and adds this to 860011. In this program, Module Overlay5 has

length 42A, . This should be verified again a fter all the
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overlays in group #1 have been linked to the root overlay. One

adds 8bkU0H to 42AAH to obtain the length C8AAH. The address where

overlays #17 - #32 begin must be larger than CbAAIi. This program

uses address D200H for the location of overlays in group #2. The

overlay of the largest length in group #2 is Module Overlay2l

with a length of 1370H. 137011 plus D20011 equals E570ii. Therefore,

the total length of the code that must be specified in the last

link command with the R switch must be greater than E57011. The

value used is FCk01I. The data storage required is only that from

those variables declared in the main program and it is 576CH.

The value 800011 is more than adequate and is declared with the D

switch in the last linker command. Local variables and parameters

are stored in the stack. This stack is automatically given 32K

bytes of RAM. One can actually assign the stack size by using the

Z switch in the last linker command. For example, "Z/300" will

assign 30001 for stack memory. Note that 300 here means 3000if or

12K bytes.

One has to make sure the total RAM allocated for data, code,

stack, arid heap is smaller than the RAM allocated for program

execution. Otherwise, upon program execution, a "Memory not

available" message will be displayed. In this program, the stack

was reduced to 12K in order that the program would execute in a

128K machine. Having a stack too small is a potential problem,

but by far the major source of problems is having one overlay

group overwrite another. Apparently, one needs to have some

memory available between the end of the largest overlay in a

particular group (including the root overlay) and the beginning

16



of the next overlay group. For example, in this program when the

addresses 7200)H, B800H, and DEJIOiO were used in place of the

addresses 8601ii, D20I, and FCULH the program would not execute

properly. The Pascal MT+ manual should address this problem. If

one experiences weird program execution, the distance between

overlay groups should be increased as the first approach to solve

the problem.

Computer Configuration for Pascal MT+

In doing developmental work for this program, the IBM PC was

configured with two DS/DD disk drives, 512K of RAM, and the CPM-

86 operating system. The RAM was partitioned into 140K for

running programs(compiler, editor, linker, and the executable

linear algebra routine) and 372K for a RAM disk, called the M:

drive. The program SETUP.CMD, furnished with CPM-86, was used to

configure the RAM drive and the cursor pad of direction arrows.

Upon bootup, the RAM drive is created and the cursor pad is

initialized.

A RAM disk is essential (though not required) for program

development with Pascal MT+ because of the heavy disk access by

the MT+ Speed Editor, Compiler, and Linker of their overlays and

the program's source and object code files. If oiie follows the

implementation techniques described in the following, the user

will find MT+ not just a powerful Pascal implementation, but one

that possess good development time and is not cumbersome. It

should be mentioned that in many articles comparing the MT+

17
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implementation to others, the benchmarks involving compile and

link times are misleading. Pascal MT+ uses a lot of disk I/O

because of its code size and this eats up a lot of time. Using a

RAM disk reduces this I/O time considerably.

One must configure three diskettes. Diskette #1, called the

compiler diskette, must contain CPM.SYS( configured for RAM drive

and optionally the cursor pad), the MT+ compiler( consisting of a

CMD file and its several overlays), and three R86 files: (I)

87REALS.RU6, (2) PASLIB.R86,and (3) TRANCEJD.R86. It is optional,

but useful to put the utility routines such as PIP.CMD and

STAT.CMD on the compiler diskette. Diskette #2, called the editor

diskette, should contain the Speed Programmming Editor( CMD file

and its overlays), SIP.CMD( PIP.CMD renamed by the user), and

STAT.CMD. Diskette #3, called the linker diskette, should contain

the HT+ linker( CMD file arid its overlays) and the SUBMIT.CMD

file. For single stroke execution, it is convenient to rename the

compiler, editor, and linker respectively M.CMD, S.CMD, and

L.CMD.

The following is the start up process. Put the compiler

diskette in drive A: and the editor diskette in drive B: and then

turn the power on. When the "A>" prompt comes up, key in "PIP

M:=B:S*.*". This will transfer the editor, SIP.C14D, and STAT.CMD

to the M: drive. One can use an editor other than DRI's Speed

Editor. Users of UCSD's P-Editor will find the Speed Editor

acceptable when not in the P-system. After the editor is

transferred to RAM drive, one removes the editor diskette from

drive B: and inserts a work diskette containing source and their

18
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compiled, R86, files.
L. .*

One then presses Control-C and changes the default drive to

M:. if one wants to edit an existing source file, one uses --

SIP.CMD on drive M: to "pip" the source file from drive B: to
4

drive M:. While in the M: drive, one edits a Pascal source file.

If one is using the Speed Editor, a word of caution is necessary.

If one attempts to save a file on a drive without enough memory(

including RAM drive), the old source file as well as the source

file in the editor's buffer will be lost. This potentially

serious problem can be avoided if one is aware of it. If the

Speed Editor is used one should use its syntax scanner and

variable checker to locate syntax errors and typos prior to

compilation.

Once a source file has been edited it must be compiled. It

is not necessary to transfer the compiler to RAM drive. One must

change the default drive from M: to A:, leaving the compiler

diskette in drive A: and the source file on RAM drive. Since

Pascal MT+ is oriented toward modularity and modular compilation

in particular, individual source files( modules and overlay

modules ) are relatively short. Because of this, disk I/O to

drive A: to load the compiler overlays is not too frequent. With

the source code being read from RAM drive and compiled code being

writt4-n to RAM drive, compiles are quite timely.

To compile all the overlays and modules for the linear

algebra calculator, one must do the following tasks. There are

eleven source codes which must be saved on the work disk. They

19



are (1) MATRIX.SRC, (2) CRTLIB.SRC, (3) 1OMATRIX.SRC, (4)

EIGENBAL.SRC, (5) EIGENHQR.SRC, (6) MHELP.SRC, (7) LINSYS.SRC,

(8) DETERM.SRC, (9) AXEQSB.SRC, (10) POLYROOT•SRC, AND (11)

EIGENVEC.SRC. Each file should be transferred to RAM drive and

then compiled. To compile the root overlay, MATRIX.SRC, one

enters the following command: "MT+86 M:MATRIX.SRC". If one

changed the name of the compiler to M.CMD, then one enters "M

M:MATRIX.SRC". The compiler will compile the file and write a

code file, MATRIX.R86, to RAM drive. Similarly, one compiles the

other ten source code files to produce ten more R86 code files.

These code files should be saved on the work diskette in drive

B:. It should be emphasized that if the source code of a module

or overlay module is not changed, then it does not have to be

compiled.

The most important implementation method in MT+ code

development is to automate the linking process. Without this

automation, the linking process is extremely time consuming.

Automatic linking is accomplished by using SUBmIT.CMD and linker

input comnand files, called KMD files. These will now be

described in detail and applied to the linear algebra calculator.

Unce all the overlays have been compiled one makes up a KMD file

for each compiled overlay module. A KMD file is actually a text

fiie keyed in using an editor and given the suffix KMD instead of

the usual SRC suffix. The following KMD text files are needed:

(1) M.EM) with the line of source: -

1:MATRIX,M:CRTLIB,M:TRANCEL,M:t37REALS,M: PASLIIB/S/E/W

- . .. ~I.. . . . . . . . . . . - -.... *.. .. ..
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(2) ML.KMD With the line of source:

M:MATRIX.001=M:MATRIX/O:1,,M:LINSYS,M:PASLIB/S/P:8601/L

(3) M3.KMD with the line of source:

IM:MATRIX.003=M:MATRIX/:3,M:IOATRIXM:PASLB/S/P:860J0/L

* (4) 1M5.KM-D with the line of source:

Ml:M.ATRIX.005=M:MATRIX/0:5,M:EIGENHiQR,M:PASLIB/S/P:860U/L

(5) Mb.KU1D with the line of source:

Ml:MATRIX.006=M:MATRIX/:DM:IGENBAL,M:PASLI3/S/P:8600J/L

(6) M2J.KND with the line of source:

MMAI'RIX 17=M: MATRIX/O: 23,M:MliELPM: PASLIB[/S/P: D200/L

- (7) M19.KM4D with the line of source:

S M:MAITRIX.Il3=M:MATRIX/0:l9,M:DETERM,M:PASLIB/S/P:D20i0/L

(8) 1120.K14D with the line of source:

* M:MATRIX.0l4=M:M4ATRIX/O:20,M:AXEQSB,M:PASLIE3/S/P:D200/L

(9) M21.KI4D with the line of source:

M:M-ATIRIX.015=M:MATRIX/0: 21,M: PULYROOTgM: PASLlIB/S/P:D2khJ/L2

(10) M241.KMD with the line of source:

* MI:MATIRIX.0l8=M:MATRIX/:24,M:L;IGNVLC,M:PASLLU/s/P:D2JU/L
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(II) MR.KMD with two lines of source: _.

M:MATRIX,M:CRTLIB,M:TRANCEND,M:87REALS,/C

M: PASLIB/S/D: 8 0/Vl :860/V2: D20O/R: FCOO/Z: 30'.

these linker input command files are stored on the linker

diskette. As with the editor, RAM drive will be used extensively.

One transfers the compiled, R86, files from the work diskette to

the M: drive. Then one transfers the three R86 library files to

the 14: drive: (1) 87REALS.R86, (2) PASLIIB.R86, and (3)

TRANCEND.R86. If one does not use the 8087 chip then FPREALS.R86

must be used in place of 87REALS.R86. At this point, one should

remove the compiler diskette, and insert the linker diskette.

Then one enters Control-C and makes A: the default drive. The

input command files save a lot of time since the overlay module

nlaimes and addresses rarely change during program development.

Remember that the linker has been renamed L.C14D for keyboard

simplicity. Instead of keying in: "L M:MATRIX,M:CRTLIB, M:

TRALCEND,M:87REALS,M:PASLIB/S/E/W" one simply enters: "L MO/F".

Without the input command files option, one would have to do

eleven links, keying in by hand each time all of the names and

addresses in the linker input command files. Instead, one merely

executes the eleven commands: (1)"L MO/F", (2)"L MI/F", (3)"L
I

(4) "L M5/F", (5) "L Mu/F", (6) "L M23/F", (7) "L M19/F",

(8) "L M20/F" ( 9) "L M21/F", (10) "L M24/F", (11) "L MR/F". '"[:

One can further automate the above process by using _

SUBI4T.CMD to do batch processing of the above eleven commands.
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To do this, one must prepare a textfile, with the suffix, SUB. In

the linear algebra calculator, this SUB file is called

MLINK2.SUB. In, this text file, each line of text will be a single

command. The eleven commdnd lines of this textfile will be the

command lines of the above paragraph. It should be noted that

this SUBMIT.CMD code is a very sensitive code. When the

MLII4K2.SUB was constructed using the Speed Editor, the batch

process would not execute. if MLINK2.SUB was constructed using

WORDSTAR with no editing changes, it worked fine. Also, some

editing such as exchanges gave no problem while deletes did.

SUBMIT.CMD seems to perform better under CCPM-86.

The following is the file configuration to do an automatic

link. All R86 files including compiled source files and run-time

libraries must be on drive M:. The linker diskette, in drive

A:,must contain L.CMD and its overlays, SUBMIT.CMD, MLINK2.SUB,

and the eleven linker input command files.

With A: as the default drive, one enters "SUBI41T MLINK2" and

the linking process will be automatically executed. Once

automated, the linking process is not a big hassle. Linking MT+

code is the price one pays for modular compilation. The link will

be fairly fast, considering the size of the codes. The fact that

the R86 files are being read from RAM drive and the final

overlays are being written to RAM drive creates a tremendous

-. savings in time. The linker will create ten overlays: (I)

*.: MATRIX.CMD, (2) MATRIX.001, (3) MATRIX.03, (4) MATRIX.OU5, (5)

MATRIX.0lI6, (6) MATRIX.017, (7) MATRIX.kI3, (8) MATRIX.0L14, (9)

MATRIX. 15, (10) MATRIX.0I18. After they have beern created, they

23
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should be transferred to another diskette to be saved and

executed as desired. It might be possible to put the linker and

its overlays and the KMD files on RAM disk also if one had a

larger RAM drive. It does not seem that there is a tremendous

loss in time to load the linker overlays and read the command

* files from a diskette. If the R86 files are read from a diskette

and the compiled overlays are wriiten to a diskette, there is a

tremendous loss of time. one has to keep in mind that SUBMIT.CMD

* is sensitive to the selection of drives that have the files that

* it is batch processing. It seems only experimentation tells what

* SUI3MIT.CMD accepts; it went for the above configuration.
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SOURCE LISTINGS

(VERSICU 0285 *

* PROGRAMI MATRIX;

CONST t AXDEG = 20;

MAXDEGP1 -21;

TYPE DO.'YRPI = 1..MAXDEGPl;
DOMAI~I1 = 1..20; l

MATRIX = ARRAY(DOMAIN1,DOMAINI] OF REAL;
LISTI = ARRAY[DOMAIN1] OF INTEGER;
LISTR = ARRAY[DOMAIN1] OF REAL;
LISTRP1 = ARRAY[DO'4RP1] OF REAL;
PCRTCOMMAND =(ERAr EOS,ERASEOL,UP,DOWN1,RIGHIT,LEFT,LEAD)IN,TIME,

FCOLOR,BCOL )1',REVIDONl,REVIDOFF,INTENON,INTENOFF,
B LI NK ON,
BLINI(OFF);

SETOFCHAR =SET OF CHAP;
PTR = -INTEGER;
CPM'-OPERATION = (COLDBCOT,WA -RMBOOT,CONISTAT,CON;IN,CONOUT,LIST,

PUNIOUT,RDRINJ,HOME,SELDSK,SETTRK,SETSEC,SETDMA,
DSKREAD,DSKt.RITE);

STRI11040 = STRING[40];
STRING6 STRINC[6];
STRIlIG80 - STRING[80];

*VAR I,J,IONDIM4,IOM,ROWDIMB: INTEGER;
S;ELECT: CHAR;
C)R(ET: SETOFCHAR;
ACII'LAG,IOBFLAG,QUITFLAG,SYMFAG: BOOLEAN;
TOTA,TA,TVEC: MATRIX;
IO'r3,TEMPTB,XX: MATRIX;
Il'V,TEVR,TEVI: LIS'lR;
SI3LASTX,SBLASTY: EXTERNAL INTEGER;
Ti-."PIOMi,TEMPION: INTEGER;
GSDET: REAL;

(EXTERNAL PROCEDURES AND FUNCTIONS *

EXTERNAL PROCEDURE CRTINIT;

EXTERNAL PROCEDURE CRT(C:CRTCOMAAND);

EXTERN4AL PROCEDURE GOTOXY(X,Y:INTEGER);

EXTERNAL PROCEDURE PROMPTAT(Y:INTEGER;S:STRIN'G);

EXTERNAL PROCEDURE CLEAPSCREEN;

E'XTERNAL PROCEDURE Cr.EARIT(I:INTECER);

EXTERNAL FUNCTION GETClHAR(OKSET:ScETOFCHAR): CHAR;

EXTEPNAL PROCEDURE GETElTRING (VAR S: STRI1W1 MAXTrYN: INTE'=R);



EXTERNAL FUNCTION YES: BOOLEAN;

EXTERNAL PROCEDURE WAIT;*

EXTERNAL PROCEDURE WHEAD(S:STRING);

EXTERNAL PROCEDURE INTREAD(VAR K:INTEGER);

EXTERNAL FUNCTION VALUE(VAR S:STRING; VAR P:INTEGER): REAL;

EXTERNAL PROCEDURE GETREAL(VAR S:STRING;MAXLEN: INTEGER);

EXTERNAL [3] PROCEDURE IIATRIXIO;

EXTERNAL [23] PROCEDURE HELP;

EXTERNAL [19] PROCEDURE TTRDET;

EXTERNAL [201 PROCEDURE TTSAXB;

EXTERNAL [21] PROCEDURE TTRPQR;
*J

EXTERNAL [24] PROCEDURE TTRNAA;

(* END OF EXTERNAL DECLARATIONS *)

PROCEDURE PREAXB;
(* SAVES B WHILE THE INVERSE OF A IS COMPUTED *)
VAR I,J: INTEGER;
BEGIN (* PREAXB *)

IF IGBFLAG THEN
BEGIN

TEMPIOM := IOM;

FOR I:=1 TO ROWDIMB DO
FOR J:=l TO IOM DO

TEMPTB(I,J] := IOTB[I,J];
TEMPION := ROWDIMB;

END;
10: := IONDIM;
FOR I:=l TO IONDIM DO

F'OR J:=l TO TONDIM DO
IOTB[I,J] := 0.0;

F'; R I:=l TO IONDIM DO
TOTB[I,I] := 1.0;

T ITAX!3;
IF IOBFLAG THEN

I Cl :TEMPICM;
F',R I:=i TO ROWDIMB DO

FOR J:,l TO 10 DO
TOTB[I,J] TEMPT13[I,J];

2':; (* PREP.AXB *)

2
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BEGIN(* MATRIX *
CRT INIT;
QUITFLAG FALSE;
AQIFLAG :=FALSE;
102FLAG FALSE;
REFP EAT

CL EAR SCR EEN ;
UllEAD('LINEAR ALGEBRA CALCULATOR');
GOTOXY (0, 3);
.,dITEL!I(' ':5,1A ','REAL POLYNOMIAL ROOT SOLVER');
WRITE LN;
'-7PITELN(' ':5,'B3 ','EIGENVECTORS OF REAL MATRIX');
;IITELN;
JPITELN(I ':5,'C ','SOLUTIOIN OF NONSINGULAR LINEAR EQUATIONS');

WRIT EL N;
WRITEL11(' ':5,1D ','DETERMINANT OF REAL M1ATRIX');
JE ITEL N;

l'*iPTELN(' ':5,'E 1 'ItNVERSE OF REAL MATRIX');
.4PITCLN;
;JRTTELN(' 1:5,'F ','EDITING AND DISPLAY OF INPUT MATRICES');
;R I TELN;
WJRITELN(' 1:5,'G ','DIRECTIONS FOR USE OF CALCULATOR');

WEPITEL11(' ':5,§Q ','QUIT');
W RI TEL N;
Wk.ITE( ':5,'SELECT ONE
IF AOIFLAG THEN
BEGINU

OKSET := ('A'..'Ft)-PqClj;
IF IOBFLAG THEN
BEGIN

IF ROWDIMB=IONDIM THEN
OKSET : OI:SET+['C'];

END ED

ONSET :=OKSET+['G','Q'];
S'ELECT G-ETCHAR(OKSET)
CL EA PSCRE EN ;

0 IU SELI:CT='Q' THEN
B110 I N

PROMPTAT(10,'DO YOU vIANT TO ERASE THE EDITED MATRICES? Y/14')
IF YES THEN

QUITFLAG :=TRUE;
CLLARSCREEN;

L ND
,LS 7

'A S T SELECT OF
'A: TTRPQR;

'B:TTRNAA;
'C': TTSAX3;

0 D' : TTRDET; :-A
'E': PREAXB;
'F': MATRIXIO;
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'GIn: HELP;
END;

UNTIL QUITFLAC;
END. (*MATRIX *



(VErSION 0289 *

MODULE CRTLIB;

TYPE CRTCOMMAND =(ERASEOS,ERASEOLUP,DOWN,RIGIIT,LEFT,LEADINi,TI!ME,

FCOLOR,BCOLOR,REVIDONl,REVIDOFF,INJTENON4,INTEN4OFF,
BLINtKON,
E3LINKOFF);

SETOFCHAR = SET OF CHAR;
PTR = ^INTEGER;
CP>IOPERATION = (COLDBOO0T,WARM1BOOT,CONISTAT,CONIN ,CONOUT, LIST,

PUtJOUT,RDRIIJ,HO0ME,SELDSK,SETT FK,SETSEC,SETDMA,
DSKREAD,DSKWRITE);

COLOR =(BLACK,BLUE,GREEN4,CYAN,RED,MAGENTA,BROWNt,LGRAY,GRAY,LBLUE,

LGREEN,LCYAN,LRED,LIAGENITA,YELLO,IIITE) ;
STRING40 STRING[40];

CONST BELL =07;

RTN = 13;
BSP = 8;

VAR SBLASTX,SELASTY: INrEGER;
CRT INFO: ARRAY [CRTCOMiMAND] OF CHAR;
CCLORINFO: ARRAY[COLOR] OF INTEGER;
PIEEFIXED: ARRAY[CRTCO,'IrAND] OF BOO0LEAN;
BDOSVAL: INTEGER; (* GLOBAL VARIABLE FOR BIOS CALLS *

E2XTERNJAL FUNCTION @BDOS36CFUNC:INTEGER; PARM:PTR): INTEGER;

*PROCEDURE IIOSCALL(FUNC:CPMIOPERATION4;OCHI:INTEGE );

VAR FDESCRIPT: ARRAY(l..5] OF BYTE;
TBITE: BYTE;
J: INTEGER;

* 13EGI-I( BIOSCALL *
*IF FU.NC=CONOUT THEN

U*FrI/IUN
TPITE := OCH;
CLi\BIT (TBITI;.,8)
DEZSCR IPT f ] =4;

DE'k I PT[ 21 TRITE;
DFc-CRIPT[3J :

BF";VAL qRX)SH6 (50,ADD)F (DESCRIPT l11)

IF Fll-:.-= -(;! IN THIEN

*~ ~ ~~C .IN:~Pri =3

P := TO 5 DO
:);; , PT tIJ ]



3DOSVAL :- BD0S86(50,ADDR(DESCRIPT[l]));
ENrJD;

EN D (*MOSCALL *

PROCEDURE CRTINIT;
VAR OPCRT: CRTCOMMAND;
BEGIN (* CRTINIT *

CPTINFO[LEADIN] CHR(27);
CRTIIJFO(ERASEOS] V
CRTINFO[EIZASEOL] 'K';
CRTINFO[RIGHT] :='C';
CRTINFO[LEFT] D'
CRTINF'O[UP] 'A';
CPT INFLO[ DOWN] B'

CRTINJFO[FCOLOR] @l
CRTINE'O[BCOLOR] 'C';
CRTINFO[REVIDONJ = p
CRTII]FO[EVIDOFFI := q';
CRTM:FO[TiPrEVON] r'
CRT I,-lrO[INTE:NOFF] ll
Cl"TIFO[BLINKON] S'
CikTINFOMBINKOFF] I'
PREFJXED[[.EADIN] FALSE;
PREFIXED[ERASEOS) TRUE;
PPEUFIXED[EPASEOL] TRUE;
PREFIXED[RIGHT] TRUE;
PPEFIXED[LI2FTI "T 1E;
PPEFIXED[UP] : TRUE;
P1<LFTXED[D;;4] TRUE;
PREFIXED[TIME] FALSE;
FOR OPCRT:=FCOLOR TO BLINKOFF DO

PREFTXED[OPCRT] TRUE;5 END; (*CRTINIT *

* PROCEDURE CRT(C:CRTCOMMAND);
BEGIN (~CRT *

IF PREFIXED[C] THEN
p IIOSCALL(CON4OUT,ORD(CRTINFO[LEADIN%]));

BICSCALL(CONOUT,ORD(CRT-INFO[C]));
END; (*CRT

* PPJCEPtJRE GOTOXY(X,Y:IHTEGER);
VAR 1: INTEGER;

*B -EG IN (*GOTOXY *
FOR I:=1 TO 100 DO;
CRT(LEADIN);
FOR 1:=l TO 100 DO;
f3IOSCALL(CONOUT,ORD('Y'));

I FOR I:=1 TO 100 DO;
BIOSCALL(COMOUT,Y+32);

* FOR I:=1 TO 100 DO;



BIOS-CAEL(CONOUT,X+32);
S13E.ASTX X;
SBLA STY Y
POP 1:=l TO 100 DO;

END; (* GOTOXY *

PROCEDURE PROMPTAT(Y:INTEGER;S:STPING);

VAR J: INTEGER;
3EG-IN (* PROMPTAT *

GCTOCXY(C',Y) ;
.. F IT" (S);
CPT" (ERASEOL);
F0OR J:=I TO 4 DO

CRT (TIM-);
EN'D; (* PROAPTAT *

PRcOCEDUPE CLEARSCREEN;
VAR 3: INTEGER;
BECIN (* CLEAPSCREEN *

G-OTQXY(O,O) ;
CRT (ERASECS);
FOE J:=1 TO 4 DO

CRT(TIME) ;
END; (* CLEARSCREEN *

PROCEDURE CLEARIT(I:INTEGEP);
VAR J: INTECER;
BEGIN (* CLEMURT

GGTGXY(O,I) ;
CRT(EIIASEOS);
F2RP J:=1 TO 4 DO

CRT (TIME);

LND; (* CLEARIT *

FUNCTION GETCIIAR(OKSET:SETOFCIIAR): CHAR;
VAR C111: CHAR;

')CH!: INTEGER;
qOOD: BOOLEAN;

BEGIN (* rETCHAR *
RI; ['AT

30SCALL(CONI14,0); (*0 IS A DUMMY VAEIABLE *
C11 : CIIR(BDOSVAL);
G('11: ORB (CII);
IF OCII>96 THEN

IF 0CH<123 THEN
C =CHR (OCII-32) ;

IS OD :=CH IN OKSET;
I F NOT GOOD THIEN

CI TC (CHR (7)
ELSE

I F CH! IN I' * ] ]THEN
WR ITE (CHI)

UNT IL GOOD;
OLF~cir~p CHI;

7



END; (*GETCHAR *

PROCEDURE GETSTRING(VAR S: STRING; MAXLEN: INTEGER) ;

VAR .131: sTRiNG(1]
:3TEIMP: STRING;
GKSET: SET OF CHAR; ,~

BEGIN (* GETSTRING*).-
OKSiiT );

Si
STEMP
R EP EAlT

IF LENGTH (STEMP) =0 THEN
11] := GETCHAR(OKSET

ELSE
IF LENGTH (STEMP) =M4AXLEN THEN

Sl [ 1 := GETCHAR ( CHR (FTN),CHR(
BSP) ])

S] [1.1 := GETCHiAR(OKSET + [CHR(RTN) ,CflR(BSP)J) ;
IF Sll] IN OKSET THEN

STEMP := CONCAT(STEMP,Sl)
EL SE

IF S1lIl=CIHR(Bsr) THEN
BEGIN

CRT(LEFT);
WRITE(l ');
CRT(LEFT);
DELETE(STEMP,LENGTH(STEMP) ,1);

END;
UNT IL Si [(11 = CHR (RTN)
IF LENGTII(STEMP) <> 0 THEN

S :=STEMP
ELSE

WE'I T E(S)
END; (*GETSTRING *

FUt:CTION YES: BOOLEAN;
BEGIN (*YES *

YES :GETCHAR([VY','Nfl) IN ['Y'];
END; (*YES *

PROCEDUP*E WAIT;
BEGIN (* WAIT *

CLUAL IT (5);
PPOIPTAT (10, 'PLEASE WAIT. ..')

END; (* WAIT *

PROCEDURE WHEAD(A:STRING)
VAR I: INTEGER;
EFGIN (* WIIEAD *
CLEARSCREEN;
I (80-LENGTH(A)) DIV 2;



GGTOX Y 1I 0)

GOTC'XY ( I , 1)
FOR 1:=1 TO LENGTH(A) DO

IF A[1]1=' THEN4
QRITEC''

ELSE
QRITE (

WR ITELIJ;
END; (*6,.IiEAD*)

PROCEDURE INTREAD (VAR K: INTEGER)
TYPE ST1PING6 =STRING[6]; -

VAR 5: TRING6;

PROCEDURE GETISTRING(VAR S:STRING6;MAXLEN:INTEGER) ; -

VAR Si: STRINGfi];
STEMP,TTEMP: STRING6;
OKSET,OKAYSET: SET OF CHAR;
FLAG1,FLAG2,NFLAG: I300LEAN;
I ,L,MAX,T1,T2,T3,T4 ,TEr: INTEGER;

PROCEDUEE CHECKTNT;

VAR I: INTEGER;
3E'5-IN(* CIIECKINT *

TTEM1P := STE~IP;
IC~ FLAG2 THEN
DELETE(TTEMP,1,1) ;

IF LENGTH(TEMP)KS TIIEM
FLAG1 : FALSE

ELSE
BEGIN

Ti : ORD(TTEMP[1]);z
T2 ORD(TTEMP[2]);
TP3 ORD(TTEMP[31));
T4 :=ORD(TTEMP[4]) ;
TP5 :=ORD(TTEMP[5fl ;
IF T1<=51 T1HEN

IF Ti=51 THEN
IF T2<=50 THEN

IF T2=50 THEN
IF T3<=55 THEN

IF TP3=55 THEN
IF T4<=54 THEN

IF T4=54 THEN
BEGIN

IF 11ELAG THEN
BEGIN

IF T5<=56 THEN
FLAMi: FALSE

ELSE
FLAGi : TRUE

END
ELSE

BEGIN



IF T5<=55 THEN
FLAGi := FALSE

ELSE
FLAGI TRUE

END

END
ELSE

FLAG1 FALSEE L SEF . ..-1

FLAGI TRUE~
EL SE

FLAGi FALSE

E L S E -.-.-

FLAGI TRUE
ELSE

FLAGI FALSE

ELSE
FLAGI TRUE

ELSE
FLAG1 FALSE

ELS E
FLAG1 TRUE;

END;
IF FLAG1=TRUE THEN

BECI N
FLAGI := TRUE;

L LENGTH(STEMP);
FOR I:=1 TO L DO

CI.T (LEFT);
FOR I:=1 TO r, DO

WRITE(' ');
FOR I:=1 TO L DO

CRT (LEFT) ;
FOR I:=1 TO L DO

WRITE (CHIR (BELL)
END;

END; (* CHECKINT *)

BEGIN(* GETISTRING *)
Pr:.PEAT

b 6KSET

ST.A-P := '' ;..

I FL 1 ( FALS'E;
1: EPEATLG:F E

IF LENGTH(STE:IP) = 0 THEN

MAX := MAXLEN- 1
FLAG2 := FALSE; ,'.'.'
OKAYSET := OKSET+['+',''] ;

11] := GETCHAR(OKAYSET);
IF SIll] IN ('+' T E

a BEGIN 
IF S [!]='-' THEN
NFLAG := FALSE;

- . . ,. . . ..



MAX MAX+l;
FLAG2 TRUE;

END;
END

ELSE
IF LENGTH(STEMP)=11AX THEN

Si [1] G GET CH1A P[ClI IP (RTN) C 11R

ELSE
BEGI N

IF (LENGTH (STE:,P) =1) AND FLAG2
THEN
Sl[1] GETPCIAR(OKSET+[CHR(BSP)j)

ELSE
Sll] :=GETCHAR(OKSET + CHR(FTN) CHR (BSP)])

END;
IF S111] IN (OKSET+['+','.-']) THEN

STEMP CONCAT(STE;P,Sl

IF? Sl(l=CHlP(BSP) THEN
13EG I1N

* CRT(LEFT);
WRITEl 1)
ICRT(CLEFT);
DELETE (STEMP, LENGTH (STEMP) , 1);

END;
UNT IL Sl1[l 1 CHIR(RTN);
CIIECKINT;

UNTIL NOT FLAGi;
S :=STEMP;

END; (*GETISTRING *

*PFOCEDURE STRTOINT(VAR S:STRIN06;VAR K:INTES,-EP);
CN;1Z = 8

.P !r." TEMIP: STRING6;
FLAGP: BOO0LEAN;
I,L: INTEGER;

3ECI:4(* STRTOINT *

I F STEAP [1= '- ' THEN
FLAGP := FALSE

EL. S E
"2LACP :=TRUE;

IF (NCT ULAGP) OR (STEIp[l]='+') THEN
* DELETE (STE!IP,1,l1)

r, ENT ( STEMP)
F 0;
1O :=1 TO L 0O

K := 10* K+ORD (STEM.P I )Z;
1I' FL!IGP=FAL:SE THEN

* K :=-K;
* LND; r* ;T[\TCItIT



BEGIN(* INTREAD *)
GET[STRING(S,6) ; .-. ,,

STRTOIUT (S,K) ; II:
END; (*INTREAD *

FUNCTION VALUE(VAR S:STRING; VAR P:INTEGER): REAL;

LIMIT = 1.OE+16;
Z = 48; (* ORD(0) *)

VAR A,Y: REAL;
E,I,J,P2: INTEGER; .
NEG,INEGEXP,GTL: BOOLEAN;

DIGITS: SET OF CHAR;

FUNCTION POWRTEN(EX: INTEGER): REAL;
VAR I: INTEGER;

T: REAL;
BE(.IN (* POWRTEN *)

1 := 0;
T := 1.0;

REP"AT
IF ODD(EX) THEN
CASE I OF

0: T := T*I.OEI;
1: T := T*1.CE2;
2: T := T*I.0E4;
3: T :=T*1.OES;
4: T := T*1.0E16;
5: T := T*1.0E32;
6: T := T*1.0E64;
7: T := T*1.0E128;
8: T := T*1.0E256;

END;
EX := EX DIV 2;
I := 1+1;.-. .

UNTIL EX=0;
POWRTEll := T;

END; (* POWRTEN *)
BEGIN (* VALUE *)

I 1;
P := 0;
P2 := 0;
GTL := FALSE;
DIGITS := ['0'..'9'];-

CjCAT(S,'%'); (*SAFETY CHARACTER *)
0;A := 0; ".'-:

!JEC~ (S I =' ' =:

WHILE S[I]=' ' DO
I := 1+l;

IF (S!I]=+') OR NEG THEN
I := I+l;



WHILE S[I] IN DIGITS DO
BEGIN -B. ".°IN

IF S[I]='O' THEN
P2 := P2+1

ELSE
BEGIN -

P P+P2+1;
P2 0;
GTL := TRUE;

IF A<LIMIT THEN
A 10*A+ORD(S[I])-Z

ELSE
E

I := I+l;
END;

IF S[I]='.' THEN
BEGIN

P P+P2;
I I+l;
IF NOT (S[I] IN DIGITS) THEN

BEGIN
IMSERT('0',S,I) ;
I := I+I;

END;
MID;

P2 := 0;
WHILE S[I]='0' DO

EGI N
P2 := P2+1;
IF A<LIMIT THEN

BEGIN
A 10*A+ORD(S[I])-Z;
E E-1;

END;
I := I+l;

END;
I F GJTL THEN

P := P+P2;
WHILE S[I] IN DIGITS DO

* BEGIN:

P := P+l;
IF A<LIMIT THEN

BEG I N
A 10*A+ORD(S[I])-Z;
E E-1;

END;
I := I+l;

END;
IF :,[] IN ]'E','Ell THEN

BEG I N.--

I I+1;
J :=0;
tLE'JEXP := (S(I]='-');
IF (S[I]='+') OR NEGEXP THEN

13



WHILE S[I] IN DIGITS DO
BEGI N

IF J<LIMIT THEN
J := 10*J+OIZD(S[I])-Z; ,*-

I := 1+1;
END;

IF INEGEXP TTHE1
E :=E-J

ELSE
E E+J;

END;
Y A;
IF NOG THEN

IF F.(0 TH~EN
VALUE := Y/POWRTEII(-E)

ELSE
I F E(>0 T1HEN
VALUE

Y* POWRTEN (E)
EL53E -

VALUE Y;
IF ( (NOT NEG) AND (Y=0.0)) THEN
VALUE :=-Y

Wi ~ JIr.EP I = DC

I := I+1;
S COPY(S,I,LENGTHi(C)-I);

END; (*VALUE *

PROCEDURE rETREAL(VAR S:STRING;MAXLEN1:INTEGER);
*VAR ~1 , S2: STRI NG[ 1;

STEA~P: STRING[80];
IMFi~sET,ALPSET,SIGSET,OKSET,MISCSET: SET OF CHAR;
LOC: INTEGER;
KAR,CiICICE,NTOER: INTEGER;
PERFLAG,EXPFLAG: BOOLEAN;

B3EGIN] ( GETREAL *
ALPSCT: ['A'..'Z'];
INTSET:= '0.19;

* ~~SIG.';ET = '+,'-

MTI CSET =I'E I
EXPPLAG FALSE;

* PERFLAG :=FALSE;
ER =0;

* REPEAT
L CC LENGTH(STEMP);
IF LENGTH (STEMP) =0 THEN

B3EGI N
CKSET MISCSET4iNrSET+SIGSET;
SfI I G E T CI IA R(OK S ET + C I IR(RTN)

rEND

14
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ELSE
IF LENGTH (STEMP) =MAXLEN THIEN

B EGIN
OKSET := CHR(RTN)]; dl

Sl[I] : GETCfHAR(OKSET+[CllR(BSP)]);
END

EL SE
BEGIN

IF NjOT ExprLAG THEN
BECIN

LOG : LENGTH (STEMP);
S2[1] := STEMP[LOC];
IF S2[1] IN SIGSET TrHEN
CHOICE := 1

ELSE
IF S2[11 IN INTSET THEN
CHOICE := 2

ELSE
IF 32(11='.' THEN
CHOICE := 3;

CASE CHOICE OF
1 : OKSET MTSCSET+INTSET;
2: ONSET :=MISCSET+IN'1SET+ [CHR(PTN);
3: Ogs"vr : MlSCSET4INTSET+[CllR(RTN)];

END;
EN4D

ELSE
BEGI N

LOG : LENGTH (STEMP);
S2[1) := STEMP[LOCJ;
IF S2[11 IN S1GSET THEN
CHOICE := 1

ELSE
I F S2[11 IN INTSET THEN

*CHOICE := 2
ELSE

IF S2[1]='E' THEN
CHOICE := 3;

CASE CHOICE OF
1: OKSET :=INTSET;

*2: OKSET I= INSET+ [CHR (RTN) 1
3: OKSET :=SIGSET+INTSET;

END;
END;

S111] : GETCHAR (OKSET+ [CHP (BSP)]
END;

IF Situl IN (OKSET.-]CIR(PTN)]) THEN
BEGIN

ESTEIP :=CONCAT (STEM P, S1);
IF Slf1]='E' THEN

BErG I N
EXPFLAG :=TRUE;
MISCSET :=MISCSET-J'E'];

END
ELSE



IF Sl[11='.' THEN
BEGI N

PERFLAG TRUE;
MISCSEf MISCSET-E'.'];

END;
END

7LSE
IF Sl[1]=CIIR(BSP) THEN

B EGIN
LOC :=LENGTII(STEMP); __

IF STEMPLOC='.' THEN
PERFLAG :=FALSE

E L-)E
IF STEMP[LOC='E' THEN

EXPFLAG FALSE;
CRT(LEFT);

CRT(LEFT);
DELETE(STEtIP,LOC,1);

END;
IF NOT EXPFEJAG THEN

MISCSET :=MISCSET+V'E'I;
IF NOT PERFLAG THE1N

MISCS17T := ISCSET+[.l];
UNTIL S1[1]=CHR(RTN);
IF LENGTfi(STEMP)<>0 THEN

PLGI N
S :=STEMP;
NTOER 23-LENGTHi (s) 4

IF lNTGER>O THEN
WPITE(' ' :NTOER) ;

EN.1D;
* END; (* GETREAL *

PROCEDURE SPACEBAR;
*VARl CO: CHAR;
* REGIN (* SPACEBAR *

W.RITELN;
WFPIIE('PRESS SPACEBAR')
Cil : GETCIIAR(I 1]);

* WI ITiLN;
END; (* SPACEBAR *

(THE FOLLOWING ROUTINES ARE FOR COLOR MONITORS *

(PROCEDURE INITCOLOR;
VAIl: 'MhADE: COLOR;

I : INTiEGER;
B EGIN

I: =0;
FJ-R SHADE:=BLACK TO WHITE DO
BE I N

CGLORINFO[SHiADEJ :=I;

16



E N D)

L D

(PROCEDURE ALTCOLOR(C:COLOR);
VAR J:IrJTEGER;

B L ,I L

CRT (ECOLOR);
FOR J:=1 TO 100 DO;
8iO]SCALL(CONOU'-,COLORIIFO[C]);
FOR J:=1 TO 100 DO;

END; *

(PROCEDURE PAINT(X,Y,WIIDTII,DEPTHi:INTEGER;SIIADE:corOR);
VAR J:INTEGER;
BEGIIN

GCTOXY(X,Y);
ALTCOLOR (SHADE);
FOR J:=1 TO DEPTH DO
BEGI N

GO'iOXY(X,Y+J);
* ElD;

FOR J:=1 TO 100 DO;
END; *

MOD EID.

01
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(VERSION 0286 *
MIODULE OVERLAYI;

(* MODULE LINSYS *

TYPE DOMAINI = ..20;
MATRIX =ARRAY[DOMA11,1,DOMAIN1] OF REAL;
LISTI =ARRAY (DOMAIN11 OF INTEGER;
LISTR =ARRAY[DOMAINI] OF PEAL;

EXTEP.NAL PROCEDURE SPACEBAR;

* PPOCEDEJRE RLUD(ND,N:INTEGE:P;VAR KER:INTEGER;VAR ALU:MATRIX;VAR JN:
LISTI;VAR SCALE:LISTR);

VAR 1I, IND,IP1,IS,J,K,NNr: INTEGER;
BIG, EL, PIVOT, ROWNRM4,T: REAL;
Cli: CHARS;

FUNCTION AMAX(A,B:REAL): REAL;
BEGIN (* AMAX1 *

IF A(D THEN
ANAXI := B

ELSE
AIIAXI := A;

END; (; AMAXi *

BEGI ( RLUD *

* ~ ~ 0 (*CMUE SCALE(I]=1.0/INFINITY NORM OF ROW[II OF A *
FO 0 :=1 TO NN DO

13EGI N
ReCINP1H := 0.0;
FOR J:=1 TO NN DO

ROWNRM := AMAX(ROWNRM,ABS(ALU[I,J])) ;
IF ROWNRM=O.O THEN

ROWNRM :=1.0;
SCALE(II l.O/ROWNRM;

END;
(LU DE:COMPOSITION 3Y GAUSSIAN ELIMINATION. L HAS UNIT DIAGONAL. *

* (* EXPLICIT ROW INTERCHANGE WITH IMPLICIT EQUILIBRATION IS USED *

FOP. 1:1 TO NN 1)0

I ND := 1; .

*IF I<>NN THEN
B E GI

BIG := 0.0;
FOR K:=I TO NN DO

BEGIN
T :- SCALEjKI*AS(ALUK,I]);
IF T>BIG THEN

BEGIN
IND :=K;

184
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BIG T
END;

END;
IF BIG(>O.O THEN

BEGIN
IF IND<>I THEN

BEGIN
FOR J:=I TO NN DO

BEGIN
T := ALU[IND,JI;

ALU[I,J] =T
END;

SCALE[IND] : SCALE[I];
IS :=-IS;

END;

IP1 := I 4"i

PIVOT := ALU[1,I];
bFOR K:=IP1 TO NN DO

BEGIN
EL := -ALU[K,I]/PIVOT;
ALU[K,I] :=-EL;
IF EL<>O.O THEN
FOR J:=IP1 TO NN DO

ALU[K,J] :=ALU[K,JI+EL*ALU[I,J];
END;

END;
END;

IF ALUIG=<0.0 THEN
IS :=0;

JN[I I IND;
END;

JE [ Ni is;

KER T D0;
END; -LUD

CPPOCEDURE RFS(ND,:INTEGER;VAR KER:INTEER;VAR ALU:MATRIX;VAR JN:
LISTI;VAR X:LISTR);

VAR I ,,KP1,LLP1,NM1,NN: INTEGER;
PVZ: REAL;

CHI: CHAP;
BEGIN (*-R"""BS""

IFIF JE>[NT=0 THEN
BEGIN

FORE 3ITN ; -

WRI TELN;
WPITELND1 RFBS, THE TRIANGULAR FACTOR U OF A,
WRITELIJ(' IS SINGULAR. A UNIQUE SOLUTION DOES )

.R I TEL1I( NOT EXIST.');
SPACMBAP;

0 EXIT;
END;

K E P- 0;

19
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NMI.= N11-1;
IF NAI<>0 THEN

(*SCLVE LY=3 (FORWARD SUBSTITUTION) *
FOE LI= TONM C

BRT EC g*

K :=JN[L];
Z X[K]
X[K] X[L]I X(L] :=Z;
LP1 := L+1;
FOR K:-LP1 TO HN DO

X(K] :- X[K]-ALU[K,L]*Z;
END;

(SOLVE UX=Y (BACKWARD SUDSTITUTION) *
FOR I:=1 TO NMI~ DO

BEGIN
WRI TE(
K := NN-I;
KPi : K+i;
X[KP1] := X[KP1]/ALUfKPI,KP1];
Z :=-X[KPI];
FOR L:=l TO K< DO

X[LJ := X[L]+ALU[LKP1]*z;
END;

END;
XIII :X[1I/ALUI1,1];

END; (*REBS *

0 20



(VCPSION 02C.5
MODULE OVERLAY3;

CON!2T MAXDFM; = 20;

M4AXDEGP1=21;

TYPE 1DOM'AIti =1-0

PDO!RP1=1. .MAXDEGPl;
rISTRPI=ARRAY(DOMRP1J OF REAL;
MATPIX =ARRAYIDOMAIN1,DOMAIN1] OF REAL;
LISTI =ARRAY[DOMAIN1]1 OF INTEGER; 1

LISTR =ARRAY[DO14AIN11 OF REAL;
CPTCOMMIAND - (EPASE-OS,ERASEOL,UP,DOWIJ,RIClIT,LEFT,LEADIN,TIME,

FCOLOR,flCOLOR,REVIDON,REVIDOFF,IN'TENON,,INTENOFF,
BLI HKON,
BLINKOFF);

SETOFCI(AR = SET OF CHAR;
PTR = ^INTEGER;

CP:IOPERATION =(COLDBOOT',WARMBOOT,CCISTAT,COINt,CONOUT, LIST,
PUNOUT, RDRIN ,11OME ,S EL.DSKS E'rTRK ,SETSEC , SETD4A,
DSKIFEAD,DSf-'WRITE)

STRIN~G40 =STRING[40];

S'ri,.ING6 =STR ING (61
"'TRING80 =STRING[801;

VAR ACOIFLA'G,IOBFLAG: EXTERNAL BOOLEAN;
IOM~,IONDIM,ROWDIMB: EXTERNAL INTEGER;
IOq',TVEC: EXTERNAL MATRIX; 'N
IOTB,XX: EXTERNAL MATRIX; -

TEV,TEVR,TEVI: EXTERNAL LISTR;
GSDET: EXTERNAL REAL;

(EXTERNAL PROCEDURES AND FUINCTIONS *

EXTERNAL PROCEDURE CRTINIT;

EXTERNAL PROCEDURE CRT(C:CRTCOMMAND);

EXTERNAL PROCEDURE GOTOXY(X,Y:IN]TErER);

EXTERNAL PROCEDURE PROMIPTAT(Y:INiTEGEF,;S:STRINGC);

EXTERNAL PROCEDURE CLEARSCREEN;

EXTERNAL PROCEDURE CLEARIT(I:IUlTFGER);

FXTEPIJAL FUNCTION GETC11AR (OKSFT :SETOFCHAR): CHAR;

E:XTERNAL PROCEDURE OETS'IRING(VAR S:FTRING;MA~fEN: INTEGEN);.

EXTrRIJAL FUNCTION YES: I300LEAN;

EXTERNAL PROCEDURE WAIT;
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EXTERNAL PROCEDURE WJHEAD;

EXTERNAL PROCEDURE INTREAD(VAR K:INTEGER);

EXTrEFNAL FUNCTION VALUE(VAR S:STRING; VAR P:INTEGER): REAL;

EXTERNAL PROCEDURE GETREAL(VAR S:STRIIIC;M' AXLEI: IN4TEGER);

EXTEPNAL PROCEDURE SPACEBAR;

PROCEDURE GETCOLUMN(NIROW,J:INITLGUER;VAR A:MATRIX);
VAR II,K,LL,P4: INTEGER;

SREEL: STRING;
FLAG: BOOLEAN;

PROCEDUrE COLD SLIAY;

VAR IC: INTEGER;
BEGItN (* COLDISPLAY *

CLEAR IT (2);
GO',TOXY(O,2)
FCR IC:=1 TO NROW DO

K :=IC+1;
GOTOXY (0,K);
WR I TE ( 'Af ,IC, J '1,']

GOTOXY (9, K);

FIND;
rpP.C;ITAT(23,'IS T;IIS CORRL'C!% Y/N '

END; (* CcjLDISPLAY *

BEGIN (*GETCOLUMN *
FLAG :=FALSE;

C.LEAPrT(2) ;
* COLDISPLAY;

I IF r."T YES THEN

PROMPT T(2), 'IF NO CFIAUGE -PPESS RETURN '
FOR LL:=I TO 1NROW DO

i3 EGI I
K := LL+l;
GoTroxy (9, K)
IF A[LL,Jl>=0 THEN

;qRITE(' '
SPELL
GETREAL(-,PEEL, 21)
IF I t.E!G.TllU(2RlEL) >8 Tl EN

A[LL, JI VALUE(SREEL, P4);
END;

END

LrA~ TRUE;
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UNTIL FLAG;
F"ID; (* GETCOLUMN *

PlPC,CEPUPNE GETPOLCOF(NROW:IMTEGER;VAR L:LISTRP1) ;
VAR 1 , 1 JWI ,'.'PODIV2, P4: I HTEGER;

FL*.: 30LEAIN;

PE!::rn CCLDISPLAY;
VAP I: I:.TE2,ER;

.J7I. (~CC.'DFISPL\Y *
f.EAPIT (2);

JWDIV2 N RO0.W D IV 2;
I TO N P (MI V2 DO0

*I ~~r' )

SY (o22 I

12 2** 1)

='' DIV2.&l TO Nl :2V. DO

1-1,rCDTV2;
X .''2Y C4 0 , 2 14F..I)

...,2'CC'A7 CF X')

2 (;TCXY (52, 2*NEw~I);
.iRI TECL [I])

Pf )PAT (2 3, IS THIS CORRECT? Y/N '
EN D;( COLDISPLAY *

jEIN( GETPCLCOF *
ULAG: FALSE;
1:~ P E,2 AT

CLEAPIT(2) ;
COLD ISPLAY;
IF NOT YES THEN

PRC:lPTAT (23, IF VO CHANGE -PRESS RET URN '
FOR I:=1 TO NRODIV2 DO

B3 Er GIN
GCTOXY(12,2*1);

I F L[II>=O THEN
WRI TE('');-

SPEEL :
GETREAL(SREEL,21) ;

23 * 0



IF LENGTll(SREFL) <>0' THEN

END;
FCR 1:=NRODIV2+1 WO N1ROW DO

NEMI :=I-NRODIV2;
GOTCXY(52,2*NEXJI);
I F LII]>=O THEN

WRITE (I

GF:TREAL(SREEL,21)
IF LE'-TII-7EEL) <>O THEM

LEI] VALUE(SEEEL,134);

END

FE'\G TRUE;
UINT IL FLAG.,;

END; (* ETPOLCOF *

PIC:CEDURE P!4EiN(I:INTEGER;C:CHIAR;S-:STRING);
EE(!I;J (* PMEN *

C7f)TOXY (0,I);
,ZPITELN (C: 3,1 1 :3,S);

EN~D; (* MIEN *

PP0CEW!rE NfEAD(A:STRINC(;J:INt.'lGER)
VAR 1: IlNTEGER;
B3EON (* IfH'MJ *

T : (80-LENGTH(A)) DIV 2;
O'OTOXY(I,J);

~P IT ELN (A)
END; (*lIEt) *

PRC'CEDLJPE MATPIXIO;
VAP C4I'VFLAC: BOOLE.'IN;

CIV)ICE: -ChAR;
* C 'N E' SETOECHAR;

PDzCCEDUi'U; EDIT;
Wi. lOQlUIT: E300LEA'J;

E15CIOICE: CHAR;

PPOCEDURE AENTER(AOF3:CIIAI');-,T
VARI' 1,,,COLDIM,RO.IM,': INT'EGER;

t.I M E: ",r R ING [3]
PF3I1N (*AENTER *

C:LEANIT (1);
2AEAORB OF

* 'A': 3EGPIJ
AOIFLAG TP!JE;
REPEAT
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PPOrlPTAT(2,'E-NTFR DIMENSION OF SQUARE MATRIX? '
INTREAD(ICNDIM)

UNTIL ( (I0NDIM'>0) AN4D (IONDIM(121)
RCWDI'l IONDIA;
COLDIM IOUDI'il;
MAIIAME:='A';

END;
'B': b EGI N

IODFLAG := TRUI];
REPEAT

PRCIlPTAT(2,'P!TER PO.1 DIMENSION OF B ?')
IINTPEAD (ROWD IMI3)

UNTIL ( (RO~rJDIM'fl>0) AtllD (ROWDIMB<21
REPEAT

CLEAPIT(1) ;
P ROMPTPAT ( 2 'EN T ER T! IE COL U' N D IM O1F B ?
INTPrIAD(1OM);

UNTIL C(IM>0) AND (I OM<21))
COLDIM := 10:1;
POWDI> ROWDIMB;
MA'IAME: P, I

END;
* END;

FOR I:1, TO POWD IM Do
FOR J:=1 TO COLTH DO

C-ASE' ACPR OF
' A'I: IOT'A[I,j] : 0.0;
'B': IOTB[I,J] :=0.0;

END;
FOR J:=l TO COLDIM DO

BEGIN
CLEARIT(l);
'V4RITELN('EN4TER COLUMN ',J,' OF MATRIX ',MANAME);

CASE AORD OF
'A': GETCOLUMN(ROVJDIM,J,IOTA);
'T1': GETCOLUr1N(RO~i)IMJ,IT3);

END;
END;

CLEARIT (I)
END; (*AFNTER *

PlV)CFDTJRE AFDIT(AORB: CHAR);
VAR ACHOICE: CHAR;

P.QUIT,EFLAG: BOOLEAN;
I,J,CCLDM,RO'v-DIM: INTEGER;

* 1\N40E: STR'ING 13]

BEGIN (*AEDIT *
CPSE AOrD OF

'A': BEGIN
* EFLAG : AOIFLAG;

MANAME :='A';
RO;;DIM:=I:D;
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COLDIM IONDIM;
END;

'13': BEGIN
EE'LAG :=IODFLAG;
MANAME '13';
RCWtDIt1 : RCWDItMB;

COLDIM 10'IO1;
END;

END;

IF NOT EFLAG THE~N
AENTER (AORB)

EL SE
t3 EQIN

AQUIT FALSE;
RE~PEAT
CLEARIT(l);
PMEN (2,'A,N' EDIT CURRENT MATRIX ;
PMEN(4,'B','CREATE A NEWJ MATRIX')

Pl,7N(6,lQ','QUIT') ;I

WRITC( 'SELECT ONE )

SOKSET:=[lBQ]
ACHOICE := GETCHAR(OKSET);
CASE ACHOICE OF

'A:FOR I:=1 TO COLDIM DO *
WR ITELLI('ENTER COLUMN ',I,' OF MATRIX 1,MANAIIE);
CASE AORB OF

'A': CETCOLUMN(ROWDIM,I,TOTA);
'B': GETCOLUMN(ROWDIM,I,IOTB) ;

END;
END;

'B': BEGIN
CLEARIT(l) ;

GOTOXY(O,2) ;
WRITE('DO YOU WANT TO ERASE CURRENT MATRIX ',M1ANAME,

'? YIN ');
CRT (ERASECL);
FOR I:=l TO 100 DO CRT(TIME);

IF YES TfIEN
AENTER (AORB);

END;
'Q': AQUIT :=TRUE;

END;
UNTIL AQUIT;

END;
END; (* AEDIT *

BEGIN (* EDIT *
CLEARSCREE1;
11Lr P('fATR IX EDITOR1,0);
EDQ!JIT :=FALSE;
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REPEAl
CrLEAPIT(l) ;
HE'IN (2 'A' 'EDIT MATRIX A');

PMEN (4 B'EDIT' MATRIX B');
PMCN (6, 'Q' ,'QUIT') ;
GOTOXY(2,8) ;
WRI TE ('SELECT ONE:

EDOIIOICE GETCHAR(CKSET);
CASE EDCIIOICE OF

'A' : AEDIT ('IA I) ; I

END;

UNT IL EDQtJIT;

PROCEDURE DISPLAY;
VPDISQUIT: BOOLEAN;

DISCEIQICE: CHIAR;

PIZOCEDURE DDISPLA(AORE:CHAR);
VAR~ I,J,COLDIM,ROJDIM: INTEGER;

CiI: CIIAR;
CFLAG: BOOLE.AN;
tIANAME: STR ING[ 31

3EGIf (* DDISPLA *
CLEARIT(1) ;
CASE AORB OF

'A': BEGIN
CFLAG AOIFLAG;
MANAME:=';
COLDIM :=IONDIM; .

ROWDIM IONDIM;
END;

'B': BEGIN
CFLAG IOBFLAG;
MANAME 'B';
COLDIM := 01;
ROWDIM ROWDVIB;

END;-
0 END;

I F'JNOT CFLAG THEN
BEGIN

GOTOXY (0, 3);
WRITE('THEP IS NO MATRIX ',MANAME,' YET')
CRT(ERASEOL);
FOR I:=1 TO 100 DO CRT(TIME);
SPACEBAR;

END
ELSEl

BEGIN
4lITELN('THE COLUMNS OF MATRIX ',MANAME,' APE: 1);
FOR J:=1 TO COLDIM DO

BEGI N
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WRITELN('COLUMN ',J,' OF ',MANAME,' ) ;
FOR I:=l TO ROWDIM DO
BEG! N
WRITE (MANAME, ' [ ' , I , , J, '. ..

CASE AORB OF
'A'v: qRITELN(IOTA[I,J]);
'B': WRITELN(IOTB[I,J]); e,

END; . ":
END;
"SPACEBAR;

END;
END;

E,D; (* DDISPLA *-

PROCEDURE HCOPY(AORB:CHAR);
VAT' CI: CHAR;

CFLAG: BOOLEAN;
MIANAME: STRING|3];
CNUM,I: INTEGER;

3EGIN (* HCOPY *)
CASE AORB OF

'A': BEGIN
CFLAG := AOIFLAG;
MANAME := 'A';
CNUt' := 3;

END;
'B': BEGIN

CFLAG := IOBFLAG;
MANAME := 'B';
CNUM := 4;

END;
EtND;
CLEARIT(1) ;
IF NOT CFLAG THEN

BEGIN
I OTOXY (0,3);
WRITE('THERE IS NO MATRIX ',MANAME,' YET ');
CRT (ERASEOL);
FOR I:=l TO 100 DO CRT(TIME);
SPACEBAR;

END
ELSE

.HARDCOPY (CNUM)
END; (* HCOPY *)

BEGIN (* DISPLAY *)

* DISQUIT := FALSE;
REPEAT
CLEARSCREEN;
HEAD (' MTR IX DISPLAY',O);
PtEN(2,'A','SCREEN DISPLAY OF A');
P1E!N(4, 'B' ,'SCPEEN DISPLAY OF B')
lPi-IN(6, 'C' ,'HARDCOPY OUTPUT OF A');
PA F. t 1(8, 'D' , 'IARDCOPY OUTPUT OF B'
PA.N 10 'Q' 'QUIT'"

28

.• . . .



GOTOXY (2, 12);
IR I TE ('SELECT ONE
OKSET
DISCIIOICE :=GETCHlAR(OKSET);
CASE DISCHOICE OF'
'A: DDISPLA('A'); 

*

'B': DDISPLA('B');
IC': iCOPY'A')I
'D': HCOPY('B');
'Q': DISQUIT TRUE;

END;
UNTIL DISQUIT;

END; (* DISPLAY *

* BEGINJ (* MATRIXIO *
CLEARSCREEN;
QUITELAGI := FALSE;
RELPEAT

CLEARSCREEtI;
HEAD('1NPUT MATRIX 1/O',O);

* PM4EN(2,'Al,'EDIT MATRICES');
PMEtj(4,'B' ,'SCREEN OR HARDCOPY OUTPUT');

GOTCXY(2,S);
WR ITE ('SELECT ON4E:
CKSET := l ['',E3,1Q'J;
CHOICE GETCHAR (OKSET);
CASE CHOICE OF
'A: EDIT;
'B': DISPLAY;
'Q': QUITFLAG :=TRUE;

END;
UNTIL QUITFLAG;

END; (* ATRIXIO *

PROCEDURE IARDCOPY(HNUM:IrZTEGER);
VAR F: TEXT;

CH: CHAR;
PN1FLAG: BOOLEAN;

* RESULT: INTEGER;

PROCEDURE SETPRINT;
VAR C11: CHAR;

FTRIES: INTEGER;

BECIN (* SETPRINT *
PRFLAG :=FALSE;
U'TRIES :=0;

REPEAT
ASS IGN(F,'LST:')
PI E'RITL (F) ;
IF IOPESULT=255 TrHEN

BEGIN
FTRIES :=FTRIES+I;
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IF FTRIES<=2 THEN
BEGIN
WRITELN('P.T PRINTER ON LINE )
SPACEBAR; __

END;
EN D

ELSE
*PRFLAG TRUE;

*UNTIL PRFLAG OR (FTRIES>2) ;
* ~END; (* SETPRINT * . ~

PROCEDURE PRSAXB;
*VAR 1,J: INTEGER;

BE-GIN (* PRSAXB *
FOR J:=1 TO IOM1 DO

BEGI N
WfI TELN (F);
.RITELN(F,'THE SOLUTION FOR COLUMN ',J,' IS')
FOR 1:=l TO IONDIIM DO

BEGIN
;WRITELN (F,' [' ,XX [I ,J],'] ' );

END;
END;

END;( PRSAXB *

PROCEDURE PRMATRIX(AORB:CIIAR);
VAP J)IM, 1,J: INTEGER;

1AN'AMfl: STRING[ 31
3EG~I(*PRMATRIX *
CASE AORB OF

'A' 1BEGIN
MANAME :='A';

* .DIM :=IONDIM;

END;
121': BEGIN

MANAME :=13B;

DIM : M
END;

* .2: TrLtJ(F)
.JPlI TELIJ(F, ' THE COLUMNS OF MATR IX 'MANAME,' ARE: '

.I.:IlT E 1, (F)
FCP J:=l TO DIM DO

£IEGN
~4RITrLN(F);

* :'JRITi:LN(F, 'COLUMN ' ,J,' OF ' ,MA'IAME,' IS :');
CASE AORB OF

'A': FOR I:=1 TO IOIJDIM DO
WdRITELN(F,'A[',I,',',J,']=',IOTA[I,J]) ; -

'B': FOR 1:=1 TO ROWD IMB DO

EN;

END; (*PRIIATRIX *
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L7

PRCCEDUIRE PRRNAA;
VAkI< ,J: INTEGER;
BEGIN (* PPRNAA *

ARI1TELIN (F)
19RI'rELN(F,'THE ARRAY OF COMPLEX EIGENVALIJES IS');

IIT ELN (F)
FOR 1:=l TO IONDIM DO

W.-RITELN (F,' [' ,TEVR II],',' ,TEVI [II,']');
WR ITELN (F)
JRITELN(F,'THE COMPLEX EIGENVECTORS ARE')

WRITELN (F);
J
RE PEAT

IF TEVI[JI<>0.O THEN
BEGIN

WN1 TELN (F)
WRITELJ(', 'VECTOR '1,'~ IS '
EOR I:=1 TO IONDIM DO

1BEGIN
WIRITE(F, 'VECTOR' ,J, '[,l, ]=[' ,TVEC(I,J ) ;
WRITELN(F, ',' ,TVE:C[I,J+1 ' ] ');

END;
WRITELN(F);
WR TTELN (F, -VECTOR 'J+ 1,' HAS COMPONENTS '
FOR I:=1 TO IONDIM DO

BEGIN
WRITE(F,'VECTOR',J+1,'[',I,'1=[',TVEC[I,JI);
WRZITELN (F,' , ',-TVEC[I,J+1J '') ;

END;
J J+2;

END
ELSE

0 EGI N
WR ITELN (F)
WRI TELN (F, 'VECTOR 'J,' HAS COtIPC'.ENTS '
FOR I:=1 TO IOrJDItl DC

BEGI N
W'RITE (F, 'VECTOR' ,J, '(', I,'] =(' ,TVEC [I,J ) ;

EN'D;
J +1

END;
UN~TIL j>ionDIM;

1!D 1) PPRNAA *

0 P[,0Ci:DURLE PIllDET;
bEGIN (*PlDET *

.:RITIr.N (F)
-,:PI TUNr(F, 'THE DETERMINANT OF -,l ATPIX A IS 'GSDUT)

* EFND; (*PRRDERT *

BECIN (*HARDCOPY *
- ~.;r;TPR INT;

IF I'LrFLAG TEEN

31



-- ~ ~~~ -_q R. TR 1- 17 F - .. < .v

iEG IN
CASE HNUM OF

1:PRRNAA;
2 : PRSAXB;
3 : PRMATRIX('A');

5: P1RPDET;
END;
crLoSE (F, RESULT);

END;
ENID; (* ARDCOPY *

MODEND.
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(VERSION 0285 *

MODULE OVERLAYS;a (* EIGE1411QR MODULE *

TYPE DOAAIN1 1..20; ~,
HATRIX =ARRAY[DOM1AIN1,DOMAINI] OF PEAL;
LISTI =ARRAY[DOMAIN1] OF INTEGER;
LISTR =ARRAY[DCMAIN1] OF REAL;

EXTERNAL PROCEDURE SPACEBAR;

LPROCEDURE IIQR2(NM,N,LOIW.IGi:lINTEGER;VAR l:MATRIX;VAR WR,WI:LISTR;I VAR Z:M4ATRIX;VAR IERR:INTEGER);

CONST M-ACHEP =1.OE-14;

VAR ENJ,ErIM2,I, II,ITS,J,K,LI-IM22,NA: INTEGER;
NIOR:,P,Q,R,RA,S,SA,T,TEM,'Pl,TEMiP2,VRVI ,W,X,Y,ZR,ZI,ZZ: REAL;
FL-[AG1,FLAG2,FLAG3,V-LAG4,1JOTLAS,TESTEXIT: E300L17AN;
CAI: CHAR;

FUNCTION SIGN(E,F:REAL): REAL;
LBE---ItJ (* SIGN *

IF F<0 THEN
SIGN -ABS(E)IE ELS E

SIGN :=ABS(E); .

FUNCTION tlINO(I1,12:INTEGEr) INTEGER
B3EGIN (* !IINO *

TVF 11(12 THEN

MINO :=12;

EIND; (* 4IN, 40

PROCEDURE COMDIV(XP,XI,YR,YI:PEAL;VAR ZR,ZI:REAL,);
VAR D1I: REAL;
DE;GINj (* COMDIV *

IF Ar3S(YRZ)<AI3S(YI) THEN

* If : YR/YI;
D :=YI+H*YR;
ZR :=(XR*H+XI)/D;

END

BEGI N
II1: YI/YR;
D :=YR+11*YI;
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ZR (XR+Hi*XI)/D;

END;

END; (* COMDIV *

PROCEDURE IPQROPT1;
VAR 1: INTEGER;

"A6~

PROCEDURE LOOK;
VAR I: INTEGER;
BEGIN(* LOOK *

A:= ENM2+1;
FLAG2 FALSE;
REPEAT

5ZZ H[M,M];
1 X-ZZ;

S Y-ZZ;
P R* S -W) H M+1 , r I+ H M , M I
Q Hf[M+1,M+I]-ZZ-R-S;
R H[I-1+2,M+1];

pS 1,BS(P)+ABS(Q)+A3S(R);
P P/S;
Q QS
R P/S;
IF t4=L TH1ENl

FLAC2 := TRUE
j ELSE

3EGI N
TEMP1 ABS(H][M,r1-1])*(ABS(Q)+ABS(R));

TLAP2 1AC[EP*ABS(P)*TEM1P2;
IF TEMiPI <= TELIP2 THEN

FLAG2 TRUE;
EN4D;

WRI TE(
UNTIL FLAG2=TRUE;
AP2:=M2
FGR I:=MP2 TO EN DO

B EGI1IJ
ii1I,IA2] :=0.0;
IF I<>MP2 THEN

H(II-3] 0.0;
END;

END;( LOOK *

PROCEDURE DOUBLEQR;
VA R 1: INTECER;

0 PROCEDURE COLMOD;
VAR I: INTEGER;

34



BEGIN (*COLMOD *
FOR 1:=l TO J DO

P, E(;I N
P :- X*H[I,K]+Y*iH[I,K+11;
IF NOTLAS THEN

P :=P+ZZ*11[I,K+2J;

11[1,K+2] : fH[IK2)-P;
END;

END; (*COLMOD *

PPOCEDURE ROWMOD;
VAR J: INTEGER;
BE'G I N (* ROWMOD *

1'O R J:=K TO N4 Do
LEGIN

P I[K,J]+Q*1I[K+1,J];
IF NOTLAS THEN

BEGI N
9P :=P+R*Hr[K+2,J];

END;
H[K+1,J] :=H[K+1,JI.-P*Y;

END; END; ROWMOD *

PROCEDURE ACCTRAHS;
VAR I: INTEGER;
nEGIN(* ACCTRANS *SFOR I:=LOlq TO IGHf DO

B EGIN
P :=X*Z[I,K]+Y*Z[I,K+1];
IF NOTLAS THEN

BEGIN
P :=P+ZZ*Z[I,K+2];

Z(I,K+21 :=Z[I,K+2I-P*R; 7END;

Z[I,K] :=Z[I,K]-P;
END;

END; (* ACCTRAIJS *

B3EGIN(* DOUBLEQR *
FOR K:=M TO NA DO

BEGIN
FLAG1 FALSE;
NOTLAS :=K<>NA;
II' K(>M THEN
BEGIN

P :=HfK,K-1J;
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Q :=II[K+1,K-1]

I F NOTLAS THEN
R lI[K+2,K-1];

X ABS (P) +A[BS(Q+ABS (R);
IF X=0.0 THEN
FLACI := RUL

ELSE
BEGIN

P P/X;
Q QX
R R/X;

END;
END;

IF FLAG1=FALSE THEN
4 BEG I N

S P*P+Q*Q+IR*R;
S SQET(S);

SIIS,)
IF K=I1 THEN

BEGIN

IF L<>M THENI
H([K,K-1] -lH[K,K-1]

END
ELSE

II[K,K.-1] SX
P PS
X P/S;

jY Q/S;
ZZ HIS;

Q Q/P;
R R/P;
ROWMOD;
WRITE(C' ');

I~ := MINO(EN,K+3);
COLMOD;
WRITE ('.');
ACCTRANS;
WRITE( '.')

END;
END;

END; (* DOUBLEQR *

B E GI N (*QROPT1 *
1ESTEXIT :=FALSE;
IF ITS>=l00 THEN4

13EGI 1N
IERR :=EN;
WRITELN('THE ITERATION LIM4IT OF 100 HAS BEEN,1)
WRITELN (6 REACHED 1IN -HQR-)
SPACEBAR;
TESTEXIT TRUE;

E ND
ELSr

BLGI N
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IF (ITS<>O) AND (ITS HlOD 10=0) THEU

T :=T+X;
FOR I:=LOW TO EN DO

S ABS (H [E!:,NA] )+ABS -(H [NA,ENM2l ] ); c.
X O.75*S;
Y X;
W .. O.4375*S*S1;

END;
ITS :=ITS+l;
LOOK;
DO U L EQ R;

END; (*HQROPTI *

PROCEDUJRE IIQROPT2;

PROCEDURE ROWMOD2;
VAR J: INTEGER;

i2EGIN (* ROWMOD2 *
p F-P J:=NA TO N DO

BEGI N
ZZ :=H[NA,J];
IIINA,J3I: Q*ZZ+P*H[EJ,JI;
HifENJ] Q*11[ENJ..P*?'Z;

EN;END;
END ROWMOD2

PROCEDURE COLMOD2;
VAR I: INTEGER;
BEGIN(* COLMOD2 *I FOR I:=l TO EN DO -

B EI N
ZZ :=H[I,HA];
H[I1,NJAJ := Q*ZZ+P*Iil I,Etl]

END;
-l! D;( COLMOD2 *

PPOCEDURE ACCTRANS2;
VAR I: INTEGER;
131GIN (* ACCTRANS2 *

FOR I:=LOWJ TO IC!! DO
BIEGIN

ZZ :=Z[I,NA];
Z fI 14A] Q*ZZ+P*Z fI EN];
Z[I,EN] Q*ZfI,EfJI-P*ZZ;

END;
END; (*ACCTRANS2 *

BEGItJ( HQROPT2 *
P (Y-X)/2.O;
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Z .3 11T (AB S (Q));4
K I1[EN,EN] := X+T;

X := [I1N,LN];
II(NA,NA] := Y+T; .-

IF Q<0.0 THEN
BEGIN

UTR NA]: X+P;
wrP Eo'] X+p;
vqI []:=ZZ;
-.11[EN] : -ZZ;

END

ZZ :=P+SIGN(ZZ,P);
1IR[rJA] X+ZZ;

'JR[EL :=WR [NA];
IF Z(Z<>0.0 THEN
WR[ENI : X-v./ZZ;

Q1I [NA] : 0.0;
viI [EN]1 0.0;
X 1 i [Ell,NA]
R := QRT(X*X+ZZ*ZZ);
P :=X/R;
Q :=ZZ/R;
ROWMOD2;
R I T E(.)

COL(A10D2;
WRITE('* );
ACCTRANS2;
WRITE .

LND;
EN := ENM2;
IF EN>= LOU THEN
BEGI N

ITS :=0;
NA :=EN-i;
ENM2 := NA-i;

END
ELSE

* FLA-3 :=TRUE;
ZND (*HQROPT2 *

PROCEDURE EIGENVECTOR;
VA R EN,I,J: INTEGER;

* PLOCEDURE LOOP700;
VAR 1,II,J: INTEGER;

TTP: REAL;
BEGIN(* LOOP700 *

WRITE('.') ;
FOR II:=i TO NA DO

BEGIN

I := N-II;

W H[1'11'1
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.1*R H[I,EN] ;
IF 1,<=NA THEN

FOR J:=M TO NA DO
BEGIN

IF (li[I,J]=O.0) OR ([I[J,EN]=0.0) THEN
TTP 0.0

ELSE

EDTTP :=H[I,J]*H[J,Etl];

R :=R+TTP;

IF WI 111<0.0 THEN .~

BEGIN~
ZZ W
S R

END
ELSE.

BEGI N

IF WII00THEN
BEGIN

T W;
I F W=0.0 THEN

T := MACHEP*NORM;
ll[I,EN] RT

END
ELSE

BEGIN
X 11 1 , 1+11

T (X*S.-ZZ*R)/Q;
H[I,EN):=T
IF AI3S(X)>ABS(ZZ) THEN

11[1+1,Erl]~ (-P-W* )

ELSE4

E lI1,N N D;T)ZZ
END;

END;
E ED D*LO70*

EN;*OP0

PFROCEDUPE L00P790;
VAR~ II ,J: INTEGER;

PROCEDURE LOOPWORK;
* DF:,>GIN (* LOOPVIORK*)-

X Ii[I,I+1]
* . Y = II[1+1,11;

VI (WRI]-P)*2.0*Q;
IF (VR=0.0) AND (VI=0.0) THEN

Vz := MACIIEPI*NORl* CABS (.fl+AB"S (Q) +
A13S (X) +AB: Y) +ABS (ZZ))

C*DI (X r- 7 A *17. * -Z"* ,%Q R%
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VR1 VI, ZR, ZI);
liII,NA] ZR;
IH[I,Et]]: ZI;
IF ABS(X)>(ABS(ZZ)+ABS(Q)) THEN

BEGIN
If [I +I, NAJ (-RA..*H[ItNA]+Q*Hi[I,ENJ1)/X;

END
ELSE

I ~COMDIV (-R-Y*H [I, NA] , S-Y*III N] , ZZQZR, ZI);
H[I+l,tlAl ZP;
li[I+1,Etll ZI;

END;
END; (*LQOPWORK *

[LGIN(* L00P790 L
FCR II:=1 TO EN1,2 DO

B EG I N
ORITE (
I NA-II;

RA :=0.0;
SA =1! [ I, EN]
FOR J:=M TO NA DO

RA r=fA+i[II, J] *H J,NAI;
SA :=SA+H[I J I *H[(J,EN];

END;
IF WI [I I<0. 0 THEM

BEGIN
ZZ W;
R R= A;

S A;

END
ELSE

13EGIN

IF WItI]=0.0 THEN
BEG IN

D ~COMDIV (-RA,-SA,tq,Q,ZR,ZI);

11([1,14A] : ZR;

END E] I

ELSE
LOOPWVORK;

END;a
E' D;

L ID; (*L00P790 *

PROCEDURE L00P880;
1~-T I,J,],K: INTEGER;
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BEGIN(* L00P880 *
FOR J:=N DOWNTO LOWJ DO

BEGIN
WRITE (
M MI No(J ,IGH)
FOR I:=LOW TO IGII DO

BEGI N
ZZ 0.0;
FOR K:=LCW TO M DO

ZZ :=ZZ+Z[I,K]*Hi[K,J];
Z[I,J] ZZ;

END;
END;

EU:D; (*LOOP880 *

PROCEDURE PRELOOP;
3E~IJ '~PRELOOP *

tl NA;
IF A3S(i[EN,NA])>ANBS(I!W1A,ENI) THEN

BEGIN
f-I[NP.,NA] Q/H[EfN,HA] ;
H [NA, EH] -(I[EN]P)/ E;IA

* END
ELSE

BEGI N
COMD IV (0. 0, -tiNA, E141 ,I I NA, NA- P, Q,ZP, Z 1);
FI[NA,NA] ZR;
H[U,'A,EIJ] ZI;

END;
IIIENA) 0.0;

IIEN, 1.0;
N,2 NA- 1;

END; (* PRELOOP *

BG1iJ( EIGE14VECTOR *
NOR, : 0.0;
K 1
FCP I:=1 TO N DO

FOR J:=K TO U1 DO
* ORM NORM+ABS (111,J]

K I
END;I

1I' !JOPM(l>0.0 THEN

FCR 1,N:=N DOWNTO 1 Po

P WR [EN] ;
Q 11I [ EN];
NA :=EN-i;
IF Q<=0.0 TiHEN

*IF Q=0.0 THEN
B EG I I'l
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tH[EN,Ell) .0
IF A<>0 THEN
L002700;

ELSE
BEGIN

PRELOOP;
IF ENM2<>0 THEN

L00P790;
END;

END;
END;

FOR I:=1 TO N DO
IF (I(LOW) OR (I>IGH) THEN

FOR J:=I TO N4 DO
Z(I,J] := 11[1,J];

LOOPS88;
END;

END; (* EIGENVECTOR *

BEGIN.(* IIQR2 *
IFRR :=0;
FOR I:=1 TO N DO

13E GI N
IF (I(LOW) OR CI>IGH) THEN
BEGIN

4RfI] H[I,I] ;
WI [II 0.0;

END;
END;

F N IGH;
*T 0.0;

IF FtN>=LOW I'llEN
[lE1G I N

1T.1 0;
NA EN-i;

1i2 :=NA-i.;
FLAC3 :=FALSE;

FLAG4 :=FALSE;
*L :=EN+1;

REPEAT
r.1

IF L=LOW THEN
FLAG4 :=TRUE

EL SE[
I FP ABS(H([L,L-1)(=MAC1EP*(ABS(I[L-1,L-l])+ABS(lt[L,L])

THEN
FLAG4 :=TRUE;

UNTIL FLAG4=TPUE;
X 1H F14, EH.]
IF L<)EN virEj

BEGI N
Y 14 NA, NA]

11 LEl, NA] *11 [NA, EN]
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IF L<>NA THEN
BEGIN

HQROPTI ;
IF TESTEXIT THEN

EXIT;
END

IIQROPT2;
END 

-

ELSE

BEGIN

II[EN,EN] =X+T;
QR[EN] 11[Etl,E~j;
VI [EN] 0.0;
EN := NA;
IF EN>=LOW TIIEN
BEGIN

ITS 0;
NA EN-I;
ENM2 := NA-1;

END
ELSE

FLAG3 TRUE;
END;

UNTIL FLAG3;
E IGENVECTOR;

END;
END (* IIQR2 *)

MODEND.
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(VERSION 0286 *

MODULE OVERLAY6;
(* MDULE EIGENBAL *

* TYPE DOMAINI = 1..20;
MIATRIX =ARRAY[DOMAIN1,DOMAIN1] OF REAL;
LIS'1I =APRAYIDOMAI111] OF INTEGER;
LIS',-R h RRAY[DOMAIN1] OF REAL;

PROCEDURE ELMiIES(Ntl,N,LOWi,IGII:JNTEGER;VAR A:MATRIX;VAR INT:LISTI);
VAR I,J,KP1,LA,M,M!MI,MPl: INiTEGER;

X,Y: RE'AL;

* i2BEGIN (*ELMHES *
LA IG11-1;
NKl : LoW+1.;
IF [.A>=YPI THEN

BEG 111
FUR M:=YPI TO LA DO

BEGI N
M-];

*X 0.0;

FOR J:=M TO IG!! DO
BE FGIN. 

-

IF AI1S(A[J,M~i1])>ABS(X) THEN
BEGIN

WJRITE (
X :=A[J,!MM1] ;
I J;

END;
END;

INTIMI := I;
IF 1<>M THEN

BEGIN
FOR J:=Mt~11 TO N DO

BEGIN
Y :=A[I,J];
A[I,J] A[M,JJ;
A[M4,J] Y

END;
FOR J:=1 TO III DO

BEGIN
Y := A[J,I];
A(J,I] : A[J,M];

0 MJ,M] Y;
END;

END;
IF X<>0.0 THEN

BEG IN
API := 11
FOR I :=MP1 TO 1011 DO

BEGI N
Y :=A[I,MMlI;
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IF Y<>0.0 THEN
BEGIN

WRITE('*)
Y :=Y/X;
A [ I Mi1]
FOR J :=M TO '1 DO

FOR J:=1 TO IGHl DO
A(JMA

END; AJM

END;
END;

END;
END;

END; (* LLMIIES *

*PFOCEDURE ELTRAN(NMl ,N,LO,IF11:INTEGER;A:xMATI IX;
JN:LISTI;VAR Z:MATRIX);

*VAR I,J,KL,tIM,tP,[lPl: INTEGLFR;

DEGIW(* ELTRAN *
FOR 1:=l TO N DO

3 E GI4
FOR J:=l TO N DO

Zf I,J] :=0.0;
Z[I,I] :=1.0;

MID;[~
KL := T Q- LOW'- I
IF KL>=i THEN

FOR *iM: 1 TO KL D)O
BEG EN

MP1 MP+1;
FOR I:=M-Pl TO IGI! DO

z[I,11P] := A[I,IIP-1];

WRITE (' *);
IF I<>MP THEN

* BEGIN
FOR J:=MP TO IGlI DO

BEGIN
Z[MIP,J) := Iil
Z[I,J] 0.0;

END;
* Z[ I,1p] :=1.0;

END;

END; (* ELTRAN *

PROCL'3UPE PALBAK(NMDNl,LCW,IGII:INITEGEP;SCALE:LISTR,;
M:INTE'-GER;VAR Z:MATRIX);
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VAR I,J,1,,II: INTEGER;
S: REAL;

IF IGH(>LCQ4 THEN

BEGIN~ **

F'op I:=rOW To IGI! DO
BEll I N

S :=SCALE[I];
FOR J:=1 To M DO -

EN;Z[I,J] : Z[II]*S;
EN DD

FOR II:=1 TO N DOI
BE3I N I

IF (I<LOW) OR (I>IGI) rHEN
BEGIN

IF J<LOWJ THENJ
I LOW- I I

K TRUNC (SC-ALE I])
IF K<>I TULN

BEG IN
WRITE (
FOR J:=l TO ti DO

BEGI N

Z[I,J] Z[K,JI;
Z[K,J] S; -

END;
END;

END;
E ND;

ElD; (* BALBAK *

PROCEDURE BALAMCE(NM,N:INTEG-ER;VAR A:MATRIX;VAR LOW,IGH:INTEGER;
VAR SCALE:LISTR);

MI~ST RADIX =2.0;

VAR FLAGA,FLAGB,FLAGC,E'LAGD,FLAG1,FLAG2,NOCCONV: BOO0LEAN;
I, IEXC,J,K,L,M: INTVEGER;
32,C,E',G,R,S: REAL;

PROCEDURE ROWSEARCH;
BCGIN (* ROWSEARCH *

J := L+l;
FLAGA :=TRUE;
REPEAT

I =0;
P LA12 :=FALSE;

I 1+1;
IF 1<>J THEN
BEGIN
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IF A[J,I]<>0.0 THEN
FLAG2 TRUE;

rND;
UNTIL (I=L) OR (FLAG2=TRUE);
IF NOT FLAG2 THEN .-, .

13EGI1N.-? a : M L; "-.-.
IEXC :=1;
FLAGA := FALSE;

END;
UNrIL (J=l) OR (FLAGA=FALSE);

*- E)ND; (* POWSEARCH *)

PROCEDURE COLUMNSEARCH;
B.CIN (* COLUMNSEARCII *)

t ~~J := V-I;,--

FLAGB := TRUE;
PE1PEAT

J J+l;

I K-1;
FLAGI := FALSE;
REPEAT

I := I+1;
IF I<>J THEN
BEGIN

IF A[I,J]<>0.0 TIHEi

END FLAG1 := TRUE;
,i ~~EN D ; ----

UNTIL (I=L) OR (FLAGI=TRUE);
IF NOT FLAGi THEN

BEGI N
M := K;
IEXC := 2;
FLAGB := FALSE;

END;
11J T IL (J=L) OR (FLAGB=FALSE);

* END; (*COLUMNSEARCH *

PROCEDURE NORMREDUCTION;
* VAR l,J: INTEGER;
* i3BL;IN (* :CRMREDUCTION *)

FOR I:=K TO L DO
BE I N..-,,

R~~ := 0.0; .,
C .0;

FO R J:=K TO L DO
BEI G N

IF J<>I THEN

BEGIN
C := C+ABS(A[J,I]);

R :=R+ABS(AIJ]);
END;

END;
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G R/RADIX;
WRITE (
F 1.0;
S C+R;iWHILE C<G DO

13 EG I N
F F*RADIX;
C C*B2;

G : R*RADIX;
WHILE C>=G DO

.4 BEGI N
F F/RADIX;
C C/B2;

END;
IF ((C+R)/F)<(0.95*S) THEN
BEGIN

.,-1.0/F;

SCALE[I] : SCALE[I]*F;
NOCONV :=TRUE;
F'OR J:=K TO N DO

A[IJ] A[I,J]*G;
pFOR J:=1 To r, D.o

A[JI] :A[J,II*F;
* END;

END;
* EN~D; (*NORMiREDUCTION *

BEG IN( BALANCE *
* B2 PADIX*RADIX;
* K 1

L N
FLAGID FALSE;
WHILE NOT FLAGD DO

FLACD TRUE;
FLAG-B FALSE;
HO~WSEARCH;
IF FLAGA THEN

COLU:VI~SEARCH;
* IF NOT FLAGB3 THEN

BEGI N
REPEAT

SCALE[M] 3
IF J<>M THEN

1~*- BEGIN
0FOR 1:=l TO L DO

BEGI N
F :=A[I,J];
A(I,J]

~.4.A[I,M] F;
0 FORI:=K OENDD

BER I:= N OND

F A[J,IJ;
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A[J,I] A[M,II;
A[M,I] F;

END; ?

END;
IF IEXC=1 THENP FLAGC :=TREE

FLAGC :=FALSE;
IF NOT FLAGC THEN

BEGI N
K :=K+1;
COLU MNS EARC II

END;
WRITE('*);

UNTIL FLAGC OR FLAG-B;
IF NOT FLAGB THEN

13 ESG I N
IF L<>1 THEN
BEGIN

FLAGD :=FALSE;
L L1

END;
00. END;

END;

IF F'LAGB THEN

FOR 1:=K TO L DO

SCALE11I : 1.0;
REPEAT

NOCONV FALSE;
INORM4REDUCT IONJ;

UNTIL NOT l1OCOllV;
END;

L OW K;

*Ell); (*BALANCE *

* NODEND.
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(*\*EIS10N 0285 *
(MODULE DETERM *

MODULE OVERLAY19;

TYPE DOMAI11i = 1..20;
f'I TRIX =ARRAY[DOMAINI,DOMAT1] OF REAL;
LISTI = ARRAY[IDOMAINI] OF I14T E (,ER;
LISTR = !,RRAY([Do.-lAIrl]'l OF PEAL;

VAR IONOIM: E-XTER!IAL ItITEGER;
A I FLAG: EXTERNAL BOO0LEANJ;
IOTA: EXTIAL MATPIX;
-CDLY EXTE RI.1A L REAL; I

EXTERNAL PROCEDURE CLEARSCRELN;

EXT E N A L PROCEDURE SPACEB3AR;

EXTERNAL FUNCTION YES: BOOLEAN;

E',T ERPNA L [ 3] PROCEDURE HIARDCOPY (lINUM: I NTEGER);

EXTERAL [1] PROCEDURE IRLUD(ND,tl:INTEGER\;VAR 1\ER:ItNTEGER;VAR ALU:
MATRIX;
VAR JN,,:LISTI; VAR SCALE:LISTR);

PROCEDURE TTPDET;
Vt. R TFER: INTEGER;

TSCALE: LISTR;
TIN: LIST!;
15DEle: REAL;
I , JPDEG, NT: INTEGER;h CIOI1CE,SELECTION: CHAR;
r1 ''(LF: L I ST R

T~JTR:LISTR;
TIERE: INTEGER;
C.1: CHAP;
1SRPLBL: STRING;
P!,: INTEGER; 3E:NEERARETRA;-

VAR SA:MATRIX);

VA.R J: INTEGER;
:;JNI: LIST!1;
"ESCALE: LI'STR;
1": STRING;
Cil: CHAR;

*BECItJ CP DET *
SKER :0;
E~uD (SNID,SN,SKER,SA,SJNl,SSCALE);
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DET SJN[SN];
F0 OR J:=1 TO S N DO

DET DET*SA[J,J];
ENOD; (*PPET

CFI 1(* TTRDET *

C CL P. RSC R E 7N;
* NT :=JONDIM;

170P I:=1 T~O NT DO
PCR J:= 1 TO NT DO

PA[LU[I,J] : IOTA[I,J];
CL EARPSCREEN;
WEV ,1 I!('PLEASE WA IT
POE'l (NT,iiJ,rKER,SDET,TALU)
C CLFAR S C PEEN;
IF? TKFR=O THEN

SSDET :=SDET;
W R ITE LN;
k IE I T1,N T, T IIE D ETER I I HN T S D E SDT)
S3PACEBAR;
JPT TELN;
WPRITE('DC YOU WANT A HIARDCOPY? Y/N )
IF YES~ THEN

lIAF:)COPY(5);
FN D

END; (* T'rF.ET *

! OT)ND.
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* (* Vl'[:SI0N 300 *
(~AX=E3 MODULE*

* :'1c)ALI: OV2Rr.AY20;

TYPE [JO:1AIN1 =1..20;

:IP.T'RI X ARRAY f DOPIA IN1 ,D0IAI N I OF PEAT,;
LIjTI = t.RRAY[DC)GMAINl] OF INTEGER;
LL3'1R =APPAY [DOMAIN]I C7 REAL;

V P I CTP IGTB,XX: EXTERNAL MATRIX;
ACI I --LAq, IOBFLAG: EXTERNAL BOOLEAN;
IO:.DI.M,I011: EXTEPUAL INTEGER;

EXTERNAL FUNCTION YES: DOOLEAN;

LEXTE'RNAL PROCEDURE SPACEBAR;

UNTERNAL PROCEDURE CLEARSCPEEN;

EXTERNAL [11 PROCEDURE RLUD(ND,N:INTEGER;VAR KEP:INTEGER;VAR ALU:
MATRIX;
VAR JN:LISTI; VAR SCALE:LISTR);

EXTERNAL, (1] PROCEDURE RFfS(ND,N:INTEGER;VAR KER:INTEGER;VAR ALU:
MATRIX;
VAR JN:LISTI; VAR X:LISTR);

EXTERNTLL [3) PROCEDURE HARDCOPY (HNUM:INTEGER);

* PPOCEDUPF, TTSAXI3;

VAR QUITFLAG: BOOLEAN;
I,J,PDF(';: INTEGER;
CHIOICE, SELECT ION: CH AR;
T'IOEF: LISTR;
T..1I,TVJR: LISTR;
IEPP,MTlq,NT: INTEGER;
CH: CHAP;
S ORI'LL: STPING;

P:INTEGER;
TVCP~: INTEGER;
T.'C-ALIE: LISTR;
TIN: LISTI;
TINIT: INTFGER;

* ';'.ALU,TfB:rIATRIX;- -

PRkOCE[)L'EE SAXB (SND, Sl,$Ml: I TEGCER; VAR SA:MATRIX;VAR SB,SX:,IATRIX;
VAR siNiT:iijTrEGER;VAR "SJN:LISTI;VAP SKER:IITEGER)

* VAR 1JN:IHTEGER;

I3LG.-IU' (* SAXB3*

I F ';IIIT=O THEN
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RL(JD (S'JD,SN,SKER,SA,S"JN ,SCALE);
IF SJN (S1] =0 THEN

K I'll := 3;
'WRJ1TELN;
IdP IT EL N I IN SA X 1, LU D ECOM PO SI T ION O F A'

.JRITELlJ('YIELDED A SINGULAR U . A UNIQUE')
NUITT'LN('SOLUTION DcOES NOT EXIST. ');
S PACEB13AR;
EXI T;

MI iF,
IF SM<=0 THEN

B EC 1
SKER :=0;
EX IT;

END;
FO'R J:=1 TO SM DO

FOR I:=l TO 11, DO
UB[11 := SB[I,J];

PFIS (SND,SU4,SKCR,SASJIN,BB);
FOR 1:=l TO UNH DO

SX[I,J] := 3![I]
END;

END; (*SAXB *

BEGIN (* TTSAXB *
(:r.LARSCREEZJ;
U'P:= IGNDIM;
CT: = I101;
TINIT := 0;

*FOR 1:=1 TO NT DO
FC)R J:= 1 TO NT DO

TALU[I,J] := IOTAN(I,J);
*F(OP, J:=1 TO ilT DO

FOR~ I:=1 TO NT DO
T13[ I, i IOTi3 I ,J]

* CLrA PSCP EEN;
JF<TErL,,, ('lPLEASE WAIT '

x 5AXB (-,,UT,MT, TALU, TB3,XX ,T IN IT,T IN, TKEP,);-

* It TKEP=0 THEN

F OR J:=i TO M T DO
B EGI IN

,, ~P ITELN('TH E SOLUTICN FOR CCLUMN ',J,' IS ';--
FOR 1 :=1 TO NT DO

L3EGIN

WRPITE(XX(I,J] );
WRITELN ']';

EN~D;
S PlC CBAR;
wPJ 17 '1CLU;
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END;
W RI T ELN;
WdP I TE(DO YOU 4'ANT A 11.ARDCOPY? Y/N')
IF YES THEN

IIARDC'OPY (2)
EN~D ;

END; (* TTSAXB *

ACDEND.
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(~VLWU;ON 1283*)...
(POLYROOT MODULE *

MODULE CVERLAY21;

CONST 'IAXDEGP1 = 21;
AAXDEG 20;

TYPE DOMAINi 1. .20;
DO;IRP1 = i..MAXDE3PI;

?IATRIX = ARRAY[DO,4AIN1,DOMAIN1j OF REAL;

LISTI = ARRAY[DOMiAIN11 OF INTEGEP;
LISTR = ARRAY [DOMA11411 OF REAL;
LTSrPRPl = ARRAY[DoMPP1] OF REAL;

EXTERNAL PROCEDURE CLEARSCREEN;

EXTERNAL PROCEDURE CLEARIT(I:INTEGER);

EXTERNAL PROCEDURE INTREAD(VAR K:INTEGER);

EXTE:RNAL PROCEDURE SPACEBAR;

EXTERNAL [3] PROCEDURE GETPOLCOF(NROW:IllTEm-,R;VAR TCOEF:LISTRPl) ;

E-.XTLRNAL [5) PROCEDURE HQR 2 (NM,N, LOW, IGI: I 1T EGER; VAR Hi:MATRIX; VAR
WR,W.I
LISTR; VAR Z:MATPIX; VAR IERR:INTE'GER);

EXTERNAL [6] PROCEDURE BALANCE(NA,N:INTEGER; VAR A:MATRIX; VAR LOW,
IGII:
INTEGER; VAR SCALE: LISTR) ;

EXTERNAr, [6] PROCEDURE ELMlirS(NlM,N,LO J,IGHi:ITlEGER; VAR A:MATRTX;
VAR TNT:
LISTI);

*EXTEPN'\L [6] PROCEDURE ELTRAN (tI,N,LO,,iGH: iTiEGER; VAR A:.,IlATPTX;

JN: LISTI;
VAR Z: MATPIX);

PROCEDUrRE TTRPQR;
VA i' ,UITFLAG: I300LEAN;

* I,J,PDEC': INTEGERZ;
CiUCICE,SELECTtO!4: CHlAR;
PP(C'0EV: LISTRPI;

'riji<R,.'DEG: INTEGER;
Ci : (11A R;

T'i RR, TRELERR : LI STR;
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TKLUST: LISTI;
:U,TVPI.N: INTEGER;

PROCEDURE RBNID2(Rtl:IINTEGER;COEF:LISTRZP1;7ZW-R,PW.T:LISTR;
VAR ALSERP,RELEIZR:LISTR;VAR KLU:ST:LISTI;
VAR KER: INTLGER)

VAR I,J,JP1,JR,K,M1,l41,NP1: INTEGER;
B CERTr, DI ST, EMAC , MAGC, OLDE"RR, P. POWER, RRAT,

SVRZ,SVI ,UN4CERT,VR,VI ,VT,X'IAG,XI ,XR: REAL;
3.111RUNK: BOOLEAN;

FUNCTIOU CPABS(XR,YR:REAL): REAL;
1,'EGI (* REAL;*

CPAB3S := SQRT(XR*XR+YR*YR);

BEGIN (* AMAXI *
* IF A<B THEN

AMAX1 B
EL SE

AMAXi A;
END; (* AMAXi *

FUNCTION C-INGLE(VALJE:R2AL): REAL;
PLGIN (*SINGLE *

OINOE :=VALUE;
ELD; (*SINGLE *

FUNCTION DOUBLE(VALUE:REAL): REAL;
RLCIN (* DOUBLE *

D1',J3LE :=VALUE;
ENID; (* DOUBLE *

PfROCE'DURE;[ SECHALF;
V"AR J,K: INTEGER;

* BiEkGIN (* SECIALE *
FOR J:=1 TO RNl DO

04 R I TE

KLUST[J] 1;
CA CP ABIS (PW P[J] ,P 01 [J]

* EMAG ABSERR[J] ;
IF ErAAG0=0.0 THEN

0.0

Pr I N
I F XIA G0.0 HENIU

ELSE
F, EMAG/XMAG;
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E14D

RELERR[J] R;
END;

W-1I : RN-i;
FOR J:=I TO NMI DO

WEITE(' **')

P I J+1;%**-.
FOR K:=JPI TO RN Do

BEG IN
DI ST CPABS (RWR[J -RWR K],pWI (.]1 R .:lI K])
IF DIST<=(ABSERR[J]+ABSERR[V]) THEN
BEGI N

KLUSTEJ] :=KLUST[J]+1;
KLUSTfK] KLUST[K]+l;

END;
END;

END;
I'.Ei 0;

END; (*SECHALF *

* i;EGJIN (*BIND2 *

I F i,,! < THEN
BE 31N

W PI T ,L N'N (D E G.R EE) tIU S T B E > 1')
S PACEBAR;
E X I T;

END;
NPI : RN-ti;
POWER := 1.0/RN;
P : = A3S (COEF 1fl
IF? P=0.0 THEN

EIjIx; I
KER :=2;
W.-RITI:rN('LEADING COEFFICI ENT IS ZERO.')
SPiCEBAR;
EXIT;

RAT ABS(COEF[NPI)/P;

Fk) JR:=1 TO RU DO
i3I( I N

X:=DOUBLE(RJP[JR]);
X I DOUBLE (RI[ JR]
yR DOUE3LE(0O);
VI :=DOUBLE(0.0);
FOR J:=1 TO MIII Do -

BUG IN
WP ITE (
VT XR*VR-XI*V+'OU3Ll;,(ConF J]
VI :=XR*VI+XI*VIZ;
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VP VT;
END;

SVR S INGL E(VP) ;
SVI SINCLE(VI) ;
ilIAG CPABS (SVP, SV1);
B :=AMAX1(RAT,,MAG/P);N
IRELE1PR[JP] P;
ABSERR[JR] EXP(POI.;ER*LN(B)) ;

END ;
311RIJ:K FALSE;
UE P EAT

SIIRUlJF FA~LSE;
PC R J:=i. TO PIN DO

BEGIN
IF ABSERPI(JI(>0.0 THEN
B EGI N

P : 1.0;
M ;
FOR K:=l TO RN DO

BEGIN

IF K<>J THEN
BEGIN

DIST :=CPAES(RV[J]-Rv R[K],R',JI[JI-RItIK]);
UNCERT :=ABSERR(K] ;
CEPT :=DIST-UNCERT;
IF CERT>= ABSERP[J] THEN

B3EGI N
P P*CERT;

END;

END;
OLDERP : ABSEERiJ]
ABSERR(J] :=RELERR[J]/P;
IF .1>1 THEN

ABSERR (J) := EXP ( (I .0/M) *[N (ABRR1 [J]))
IF ABSERR[J]<OLDEl R*0.99 THEN

SHIRUNJK := TR~UE;
0 END;

ENI);
UNTIL ZIIRUNK=FALSE;
S'C FIIAL F;
F:~~.D; (*l T ND2 *

0PIPOCE)URE RPQR(RNDEG:INTEGER; COEF:LISTRP1; VAR PIERPR:INTEGER;
VAPR PWI,RWI<:LLSTR);

VAR J,K,RLOW,RIGH: INTEGER;
'LCTP: REAL;

RT.,RVF:C: MATRIX;

Cll: CHAR;
R(:CALE: LISTR;
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RINT: LISTi;

[3ECIt (* RPQR *
Rum, : 0;
IF COF1)=0 THEN

2;
JiRITEL'N('LEAD1tlG COEFFICIENT IS ZERO IN RPQR');

SPACEBAR;
EXITr;

END;
IF COEF[11]0.0 TE

RECIP :~1.0
E L S L

PEC IP 1. 0/COEF I1
[.OR K:=l TO RUDEG DO

B EG I N
PA[l,K] := -COEF[K+I]*REc-IP;
FOP J:=2 TO RrJDEG CO

RA[J,K] := 0.0;
END);

FCR 1,:=2 TO PUDEG DO
PA!K,K-11 :=1.0;

!AL.ICE (PNIDEG, RNDEO RA, ,LOW, RIG!!, RSCALE)

LL'i RANi(RNDEGj, RNDEG, RLOW,.RI Gi, RA, R INT, RVEC)
ilQP 2 (EUD EG, RNDEG, RLO, PI131, RA, RWR, Rl.I ,RVEC,R I EFR);
If' PIERR<>0 THEN

WRI1TEL.1 ( 'NO CONVERGENCE IN 40 QR ITERATIONS IN PPQR ') ;
SPACEB3AR;
EX IT.

END; (*RPQR *

BEGIN (*TTRIPQR *

1\ T" PL AT
0~1 LEA PITT);

It: ITE ( 'WHAT IS THE DEGREE OF THlE POLYNOM IAL?
I NTRLCAD (ND EG) ;
TI L ( NE>)AD(NDEG<=.-AXDEG)

1P1EG :=DEG+1;
FOR T:=l TO MAXDEGP1 DO

0 PRCOEF[I] :=0.0;
Cll:!AP IT (0);
WEITiL!J ( 'ENTER COErFICIENTS CF POLYNOMIIAL TERMS~:

fI TE(U;
G-ET , LCOF (PDEG, PCCOEF);

4*P IT'1 L( ' I'LEASE WAIT )

'LL-.1,"CREEN;
* IF 'rR=0 THEN
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I £ GINt
JP 1TELt;
viRITELN(lTHE ARRAY OF COMPLEX ROOTS IS');
WRITEL N;
FOGR 1:=l TO NDEG DO

BEGI N .

1.P.ITE ( .
VIITE (TviI [I])
wRI TELN('

END;
111 1T r N;
SPACEB3AR;
R BND2(N!DEG,PRCOEF,TWRP,TWI1,TABSEFR,TFrELERR,TKLUST,TKER);

-. R ITLLNJ THIE ARRAY OF ABSOLUTE ERRORS I1'
WRITULN;
FOR 1:=I TO NDEG DO

REGINI
'qFI TE (TABS E RR[I
liI'lTELN( ])

END;
J R I TELL N

SJPACEBlAR;

EN D;( TTRPQR *

MODEND).
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(* VERSTO'i C207 *)
[ODULE OVERLAY23;

EXTErNAL PROCEDURE GOTOXY(X,Y:INTEGER) v,

EXTEPNAL PROCEDURE CLEARSCREEN; -.

EXTERUTAL PROCEDURE SPACEBAF;

PROCEDURE HELP;

TYPE STRNG40 STRING[40] ;

VAR INFO: ARRAY[I..12] OF STRNG40;
I: INTEGEI ;"-

BECIN (* HELP *)
INTUO[I] := 'TO DO MATRIX WORK ONE MUST FIRST KEY';
INFO[2] := 'IN A4,IATRIX "A". WITI TIllS ONE CAN';
1 I[3] := 'CALCULATE ITS EIGENVECTORS, LIGEN-';
I CO[4] 'VALUES, INVERSE OR DETERMIJANT. I
11706] := 'TO SOLVE A SYSTEA OF SIMULTANEOUS ';

INFO [7] 'EQUATIONS, "A" TIMES "X" = "B",';
IHFO[8] 'ONE MUST ALSO KEY IN A MATRIX "B".';
IFO[5] := ' '-

SI.o[9] ', 9'
INFC[10] 'THIS MATRIX "3" MAY BE KEYED IN AFTER ';
INFO1111 := 'THlE MATRIX "A" HAS BEEN KEYED IN AND ',
INFO[12] := 'WORKED WITH. '

* CLEARSCREEN;
* GO-TOXY(0,0);

"IZITE('DIRECTIONS FOR INPUT: ');
GoroxY (0, 3)
FOE, I:=i TO 12 DO

,iP I TFLEN (INFO [I J'.i .-)

CO'rOXY (0,20)
{'PACEIAR;

END; (* IIELP *)

MCDEND .
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(*Vi:RSICIJ 0286 *

[IODULE OVERLAY24;

(*IIGEtIVEC MODULE *

TYPE DOMAINi = 1.. 20;
MlATRIX ARRAY[DOM'AIN1,DOMAINI] OF REAL;

LISTI ARRAY[DOMAI!11] OF INTEGER; .. 9.-

MSTR =ARRAY[DOMlAIN1] OF REAL;

VAR IONDIM: EXTERNAL INTEGER;
JCTA,TVE:C: EXTER1W.L MIATRIX;
'ILEVF,T[EVl: EXTERNAL LIfSTR;

EXTERNAL PPOCEDURE CLEARSCREEN;

EXTERNAL PROCEDURE SPACEBAR;

ExTrERNAL FUNCTION YES: BOOLEAN;

EXTEnNAL [1 PROCEDURE HQRf2 (NM, N, LOW, IGI: I NTEGJEP;VAR I:MATRIX;VAR .JR

VAR Z:MATRIX;VAR IEPR:INTEGER);

EXTERNAL [6] PROCEDURE BALANCE(NM,N:INTEGER;VAR A:MIATRIX;VAR LO;J4,IGII

INTEGER;
VAR SCALE:LIsTR) ;

EXTERNAL 16] PROCEDURE ELM!liS(NM,N,LOW4,IGHI:INTrEGER;VAR A:MATRIX;VAR

INT:LIifTI) ;

EXTERNAL [6] PROCEDURE ELTRANJ(NM,N,LOW-,IGHI:INITEGER;VAR A:MATRTK;JN4:
LISTI;

* VAR Z:MATRIX);

EXTERNAL (6] PROCEDURE BALBAK(NM,N,LOW,IGHi:INTEGER;SC ALE:LISTR;M4

INTEGER;
VAR Z:MATRIX);

EXTERINAL [3] PROCEDURE HAPDCOPY (HM:INTECGER);

* PlOCLDURE 'rTRNAA;

0VAR QUI'LFLAG: BOOLEAN;
I,3,PDEG,NDIM: INTEGER;
C[IOIC,SELECTION: CHAR;
TCOEF: LISTR;
T.TI, TWR: LISTR;
TIERR,NDEG: INTEGER;
CHI: CHAR;
SPEEL: 8rTRING;
P4I: IlITEGER;
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TA: YIATPI)X;

PROC EDU PE RNAA(RN I M, RN: INT EGER; VAR RA:1MAT I X; VAP iZCVR, F V I L IST P;
VAR RVEC:,mAIPix;Vr.R RIERR:INTEGER)

VAR 13S: STRING;
RSCALE: LISTR;
F.INT: LISTI;
I,J,PLOW,RIGH: INTEGEIZ;
CHI: CHA~R;

PEOCEDUR'E ERRMSS2;
PE'3It1 (* EREMSS2 *) -

JITLLN4 (MORE THAN 100 QR ITCRAT IONS NFLDED
;JPi TLIJ 'FOR SOME EICENVALUE IN RTNA.'
SPACEBIAR;
EXIT;

END; (* EP.RrISS2 *

BEGIN (* PNAA *
Pt'LANCE (PHDIM, R11, RA, RLOW, RIGH, PSCALE)
1ElMiIES(RLNDIM,ICNl,RLOV,RIGH,RA,RINJT);
LLTIAr (RNDIM,RUI,R.OW1,RIGIi, RARINT,R VEC);
HIQ!2 (RU!DIM,RN,RLOWl,RIGIIRA,,REVP,REVI ,RVEC,RPIERR);
IF (RICRR(>0) THEN

E RRA S S2;
BALBAK (RIDIM,RN,RLOW,RIGliRSCALE,RN,RVEC);

* END; (*RIAA *

PIRCCEDURE PRVECTORS;
' VAR 1: INTEGER;

* BEGIN (~PRVECTORS *

RI1 P E AT~

I F PEVI([J]<>0.0 THEN
BEGI N

*WPITELN('VECTOR 'J,' HAS COMPONENTS '
FOR 1:=l TO WDIM DO

f 3E GI N .*

;IRITELI (',',TVEC [I,J+11 ,]');
END;

£'PACEBAR;
J1RITELt.1
JR ITEE.N (VECTOR ',J+ I ,' AS COMIPONENTS

FOR I:=I. T 0 .UD IMt D)

WRITELN (' ' VEC LI J+ 1I, ]

END;
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JR IT ELN;
J J+2;

E ND
E LSE

I ITE L 1 V ECTO R', J ,1 A AS COM PO0NLrMNTS
FOR I:=1 TO !IDIM DO

WRITELN(' ,O.OOOOOOOOOOOOOOl+OOO]');
END;

END;
SPACEDAR;

P RI T L L N
UIITIL J>NDIM1;

END; (~PIVECTORS *

.LILN(* TTRINAA *

N!,11 :=IO!JDIM;
* FCR I:=1 TO NDIM DO--

COR J:=l TO NDIM DO
TA[I,J] IOTA[I,J];

CLEP RSCRL:EN;
* WrTITE ('PLEASE WAIT...

RNlAA (NDIMi,NDL[M,TA,TEVP,TIEVI ,TVEC,TIERR)

jE[ITELN(1TIIE ARRAY OF COMPLEX FIGENVALUES IS');
* WI? ITELN;

*FGR T:=] TO NDIM DO

B B C ITE

.rP'TE (T EV IT])

END;
UR I 'I LN ;

kI I TL L:~ ;

(v~'1LJ'THE COMPLEX EIGENVECTORS A~E '
WNk 1 TELN;

WiR ITEJr14;
hi Ei B'DO YOU WANT A HARD COPY? Y/11'

*~ IF Y E. THiE N-
W, IfDCOrPY ( 1);
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