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UTILITY ROUTINES - PART 1

SECTION 1 . . - - MATHEMATICAL ROUTINES

SECTION 2 .. SORTING AND BUFFER ROUTINES
SECTION 3 9871 PLOTTER AND TEXT- GENERATING ROUTINES
SECTION 4 - 9866B PLOTTING WITH dot FUNCTION o

The routlnes 1n thls part of the U”ILITY ROUTINES cartrldge have
been written to prov1de the users of the 9825A w1th commonly requested
programs..- The routines can also be used to become better acqualnted

with programmlng the 9825A.

& conscipus effort has been made to lelde each of. the programs i .

Sections 1 and 2 into two dlstlnct parts - the- drlver program and the

'subroutlne. The drlver is’ used to 1nput the 1nformatlon necessary for the.

subroutine and’ to.output,the results_computed by the subroutlne. _The
subroutines haverbeen written so'tneyjoan:be“included'as part of any user
program as. long as that program prOV1des the necessary 1nput 1nformatlon.
ThlS allows the more 1ndustr10us programmers to ‘write thelr own drivers

to use the subroutlnes whlle other programmers can use the whole drlver-

-Subroutlne package.

A detalled explanatlon of the programs 1n Sectlon 3 and: Sectlon 4 is

1ncluded in the 1ntroductlons to those sectlons._



Sec_tion 1

- MATHEMATTICAL ROUTINES

PROGRAM

_Complek Number Operationé

Matrik'Operaticns

Matrix'invergiqn

Simultaneouszﬁquatidns Using Matrix ROM

| Makimum'Aécuracy R |

Maximum Size

Numerical Integration
User-Defined Function (Simpson)
Uéer—ﬁefined Function (Romberg)
Equaliy Spaced,Data Poihts;
Unequally Spaced Déta'Points

Numerical Differentiation, Integration
and Interpolation of Unequally
Spaced Data Points : :

Numerical leferentlatlon of Unequally
Spaced Data P01nts

Fourler Serles CoeFf1c1ents i_
Equally Spaced Data Points
o Unequally Spaced-Data'Po;nts
Rootfindér

Iteratlve Rootflnder of User~
Defined Function

Polynomial Rootfinder with Com—
plex Coefflclents

FILES

1,2
3,4
5,6
7,8

9,10
11

12,13

14,15

16,17
18,19

20,21

22,23

24,25

26,27

28,29

30,31

All files are on'track 0

PAGE

19
37
51
63
75

83
95
109
121

133
149

165
179

197

211




Complex Numbers

FILE 1 DRIVER

FILE 2 SUBROUTINE FOR COMPLEX NUMBER OPERATIONS






Complex Number Operations

(]
[0 4
N
Eg This program will add, subtract, multiply or divide two complex
9‘ numbers as well as raising a complex number to an integer power using
'_
t] the subroutine "COMPLEX". The complex numbers are expressed in the
S form a + bi, where a is the real part and b the imaginary part. The
%g components of the complex numbers (a and b) should be real numbers
g% (e.g. 5, 2.1436, M) or expressions whose values are real numbers (e.qg.
1/2, /3, sin (1/4)).
(o]
(0 4
:E SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:
Q
&
o 1. "DIV BY ZERO" occurs if the operation is division (3) and the
=5 divisor is 0 + Oi.
-
.E 2. "ILLEGAL OPERATOR" occurs if operation is not 0, 1, 2, 3, or 4.
I
=
= FORMULAE :

1. (a + bi) (c +di) = (ac - bd) + (ad + bec) i

a+b1_ac+bd+bc—adi

c + di cc + dd cc + dd

3. (a + bi)n

(a + bi) {a +bi) ... (a + bi) forn >0

v

"

(a+bi)P =1 forn=0

1

for n <0

(a + bi)®
(a + bi) (a + bi) ... (a + bi)

J

n

(@] HEWLETT- PACKARD @] HEWLETT- PACKARD



INSTRUCTIONS:

8.

Insert UTILITY ROUTINES cartridge with machine on.

Load the file,
a. Type laf 1
b. Press EXECUTE

{Optional)

a. Type fxd N or flt N where N is the number of digits to
the right of the decimal point (0£Ngl1l).

b. Press EXECUTE

Press RUN

"ENTER COMPLEX NO" will appear briefly in the display.

"FIRST" is printed and "REAL PART =" is printed as well as displayed.
Either

Press CONTINUE if you want to stop the program.

or

a. Enter the real part of the first number.

b. Press CONTINUE

When "IMAG PART =" is displayed:
a. Enter the imaginary part of the first number.
b. Press CONTINUE

"OPERATION?" will appear briefly in the display. When "A =0, §=1,
M=2,D=3, P=4" is displayed:

a. Enter the desired operation code.

for addition

for subtraction (15% minus 2°%)
for multiplication

for division (15F dividea by 29

S w N O

. t . nd
for exponentiation (1s raised to the power of 27 )
b. Press CONTINUE

If the operation is not exponentiation (4), go to step 10.
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When "EXPONENT" is displayed:
a. Enter integer exponent.
b. Press CONTINUE

c. Go to step 12

"SECOND" is printed. When "REAL PART =" is displayed:
a. Enter the real part of the second number.

b. Press CONTINUE

When "IMAG PART =" is displayed:
a. Enter the imaginary part of the second number.

b. Press CONTINUE

The resultant complex number will be printed in the form.
REAL PART =
IMAG PART

If an error has occured the error message will be printed (See

description of error messages, page 9).

Go to step 5.

11



EXAMPLES :
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"COMPLEX" SUBROUTINE

This subroutine will add, subtract, multiply or divide two complex
numbers as well as raising a complex number to an integer power. The
complex numbers are expressed in the form a + bi where a is the real part
and b is the imaginary part . The components of the complex numbers (a
and b) should be real numbers (e.g. 5, 2.1413, T) or expressions whose
values are real numbers (e.g. 1/2, ~f3, sin (m/4)). When used as a sub-
routine, all parameters specified under <INPUT> must be assigned in the
user's calling program. The user may then append the subroutine to his
program and use gsb "COMPLEX" to take advantage of its capabilities.

The results of the calculation and any other output is designated under
<QUTPUT>. The user should be aware that the subroutine may alter vari-
ables that he is using in his program and should therefore check the
variables listed under <DESTROYED>. An example of a typical program which

uses this subroutine can be found on page 16 or in file 1.

PARAMETERS AND VARIABILES:

<INPUT>
A real part of first number
B imaginary part of first number
C real part of second number (exponent if raising to power)
D imaginary part of second number
X operation to be performed
0 = addition
1 = subtraction
2 = multiplication

13



3 = division

=
I

exponent

<OUTPUT>

A, B, C, D, X unchanged

E real part of result
F imaginary part of result
flg 2 set if division by 2zero occurs
flg 3 set if illegal operation
<DESTROYED>
G sum of squares of real and imaginary part of division
. . . ., C
H temporary storage for partial product in computing (& + Bi)
I absolute value of integer exponent (if any)
flg 1 set to indicate negative integer exponent .

14



INSTRUCTIONS:

Load your program into memory. The program should set up all
necessary parameters (A, B, C, D, X) to be passed to the sub-

routine.
Insert UTILITY ROUTINES cartridge.

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0gN<1l).

b. Press EXECUTE

Load the file.
a. Type 1df 2, N, M where:

N = line number where the first line of the subroutine should

be loaded into memory.

M = line number where execution is to begin after subroutine is

loaded.

b. Press EXECUTE

15



ANNOTATED LISTING:

DRIVER - COMPLEX NUMBERS

Load the subroutine
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ANNOTATED LISTING:
SUBROUTINE - COMPLEX NUMBERS

@ "COMPLER":fcfa

2s33if ¥r-1

ard K<Sidmp K42
1: beeridsp "ILL . .
ECAL DPERATOR®: Check for illegal operation

-

zfa 2iret

T1 R+L+E:B+0F3

. ret B

@ A-L*EsB-L=+F>
et

AC-BO+E: RO+
CaFiret
Cco+D0=+Gsato +

Addition

subtraction

4 Multiplication
=

Division

1+GiR+EsB+F3
cfa 1
7- if (C+I)a@:

sfa liabs(C)1
2 if C=83519Es

B¥Firet
9: A{E+H)-BF=+E: o
AF+BEH=+Fiimp LG+ Exponentiation
1+Gi=1 -
i if flalsErs

(EE+FF2HI=+E}-F~

H+F

&

-‘_l al—\\_[-m--q;

ref s
13t (AC+BO1/GHES piviston
(BEC-ADG3F3
et
147 ena
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Matrix Operations

FILE 3 DRIVER

FILE 4 SUBROUTINE TO PERFORM MATRIX OPERATIONS
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(@3] HE&TT- PACKARD (@] HEWLETT- PACKARD

Matrix Operations For
Real Matrices

This program will compute the sum, difference or product of two
matrices as well as compute the product of a matrix and a scalar. The
program requests all the necessary input information, calls the subroutine

"MATRIX" in file 4 and prints out the results.

The elements of the matrices should be real numbers (e.g. 5, 2.1436,

T) or expressions whose values are real numbers (e.g. 1/2, ~/§, sin (w/4)).

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The maximum sized matrices for which the subroutine will run depends
on the size of the calling program. The following limitations assume
that the calling program in file 3 is used.

a. For addition and subtraction: If the dimensions of A and B are

N by M then:

for 6,844 bytes N * M < 188
for 15,036 bytes N * M < 529
for 23,228 bytes N * M < 871
for 31,420 bytes N * M < 1212
b. For scalar multiplication: If the dimensions of A are N x M
then:
for 6,844 bytes N * M < 283
for 15,036 bytes N * M < 795
for 23,228 bytes N * M < 1307
for 31,420 bytes N * M < 1819

21



c. For multiplication: If the dimensions of A are D by E and of

B are N by M then:

for 6,844 bytes (D*E+N*M+ Y * Z) <188
for 15,036 bytes (D*E+N*M+ Y * Z) < 529
for 23,228 bytes (D*E+N*M+ Y * 7)) < 870
for 31,420 bytes (D*E+N*M+ Y * Z) < 1212

Where Y * Z are the dimensions of teh resulting matrix.

"TLLEGAL SIZES" indicates that the operation cannot be performed

with the present matrix dimensions.

"ILLEGAL OP" indicates that the operation is not 0, 1, 2, or 3.

22



INSTRUCTIONS:

Insert UTILITY ROUTINES cartridge with machine on.

Load the file.
a. Type ldf 3
b. Press EXECUTE

(Optional)
a. Type fxd N or fl1t N where N is the number of digits

that will be printed to the right of the decimal point (0<N<11).
b. Press EXECUTE

Press RUN

"MATRIX A" will appear briefly in the display. When "NO. OF ROWS?"
is displayed:
a. Enter the number of rows in the first matrix.

b. Press CONTINUE

When "NO OF COLS?" is displayed:
a. Enter the number of columns in the first matrix.

b. Press CONTINUE

"A[I, J1" will appear in the display, where "I" will be the row num-

ber and "J" column number of the next matrix element to be entered.

a. Enter the element in the Ith row and Jth column of the first
matrix.

b. Press CONTINUE

c. Repeat step 7 until all elements of the first matrix have been

entered.

When "CHANGES" is displayed:

Either

a. Press CONTINUE if you do not want to make changes to entered
data.

b. Go to step 12.

or
Enter 1 if you need to make changes to entered data.

b. Press CONTINUE

23



10.

11.

12.

13.

14.

15.

When "ROW?" is displayed:
a. Enter the row number (I), of the element to be changed.
b. Press CONTINUE

When "COLUMN" is displayed:
a. Enter the column number (J) of the element to be changed.

b. Press CONTINUE

When "A[I, J]" is displayed:
a. Enter the correct value for this element.
b. Press CONTINUE

c. Go to step 8.

"OPERATION" will appear briefly in the display. When "A =0, S = 1,
M= 2, SM = 3" is displayed:
a. Enter the appropriate code for the desired operation:

0 for addition

1 for subtraction

2 for multiplication

3 for scalar multiplication

b. Press CONTINUE

If the operation is not scalar multiplication (3), go to step 14.
When "SCALAR VALUE" is displayed:

a. Enter the scalar multiplier.

b. Press CONTINUE

c. Go to step 21.

If the operation is addition or subtraction, go to step 16. "MATRIX
B" will appear briefly in the display. When "NO. OF ROWS?" is
displayed:

a. Enter the number of rows in the second matrix.

b. Press CONTINUE

When "NO. OF COLS?" is displayed:
a. Enter the number of columns in the second matrix.

b. Press CONTINUE

24




le6.

17.

18.

19.

20.

21.

ng [I,

J]" will appear in the display, where "I" and "J" will be

equivalent to the row and column number of the next matrix element

to be entered.

Enter the element in the Ith row and Jth column of the second

a.
matrix.
b. Press CONTINUE
c. Repeat step 16 until all the elements of the second matrix
have been entered.

When "CHANGES?" is displayed:
Either
a. Press CONTINUE if you do not want to make changes.
b. Go to step 21.
or
a. Enter 1 if you need to make changes to entered data.

. Press CONTINUE
When "ROW?" is displayed:

. Enter the row number (I) of the element to be changed.
b. Press CONTINUE
When "COLUMN?" is displayed:
a. Enter the column number (J) of the element to be changed.
b. Press CONTINUE
When "B[I,J]" is displayed:
a. Enter the correct value for this element.
b. Press CONTINUE
c. Go to step 17.

If the operation is addition (0), go to step 22. When "REVERSE

ORDER?" is displayed:

Either

Press

CONTINUE if you want the order of the operation to be A<OP>B,

where A is the first matrix and B the second.

or

A

b.

Enter 1 if you want the order to be B<OP>A.
Press CONTINUE

25



22. "A<OP>B" will be printed where <OP> corresponds to the appropriate

operation and the resultant matrix will be printed by columns. .
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EXAMPLES :
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"MATRIX" SUBROUTINE

This subroutine will compute the sum, difference or product of two
matrices as well as computing the product of a matrix and a scalar. The
elements of the matrix may be real number (e.g. 5, 2.15, T) or expressions

whose values are real numbers (e.g. 1/2, v%, sin (m/2)).

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "MATRIX" to take advantage of
its capabilities. The results of the calculation and any other output is
designated under <OUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore
check the variables listed under <DESTROYED>. An example of a typical

program which uses this subroutine may be found on page 32 or in file 3.

PARAMETERS AND VARIABLES USED:

<INPUT>
D # of rows in first matrix A
E # of columns in first matrix
N # of rows in second matrix B
M # of columns in second matrix
All two dimensional array containing elements of first matrix
B[] two dimensional array containing elements of second matrix
X operation to be performed
0 = addition
1l = subtraction

29



3]
1l

multiplication

3 = scalar multiplication
flg 13 set if order is A<OP>B; clear if order is B<OP>A
r@ scalar multiplier if operation is scalar multiplication

<OUTPUT>

D, E, N, M, A [], B [], X unchanged

Y # of rows in resultant array

Z # of columns in resultant arfay

cl] resultant array computed from A [] and B [I

flg 2 set if dimensions are incompatible

flg 3 set if operation is illegal (i.e., X # 0, 1, 2, 3)
<DESTROYED>

flg 1 set if operation is subtraction

I loop counter; usually subscript for rows

J loop counter; usually subscript for columns

K loop counter

G used to compute partial sum for product

30



INSTRUCTIONS:

Load

your program into memory. The program should set up all

necessary parameters (A [,], B [,], D, E, N, M, X, flg 13) to be

passed to the subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Load

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
Press EXECUTE

the file.
Type 1df 4, N, M where:-

N

]

line number where the first line of the subroutine should

be loaded into memory.

M

line number where execution is to begin after subroutine is

loaded.

Press EXECUTE
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ANNOTATED LISTING:
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DRIVER - MATRIX OPERATIONS

Load the subroutine

1
j—
c

an

1

5 § dsdBs i
1 H :Ei P kR

A e

] i
ook AT g

treni

L11]

L
T

e 1

AN N

i

e e AR L]
o —

A3 oee

1]

wan
e
B

1 e
=

First Matrix

b e §08

o

"HOLOF

oM

NN
133cfe 133

[ Y1

-
i
R

Enter number of rows

£ osalgy e X0 e |00 TR

2i eng UTHOLO OF
OL=%"sEszpo 3
f,Fi iSEEF? Enter number of columns
s 3t +
di @E+lsilsdeidin
0K

DR
=t

1 T s oy wn I so|bes pea.

o et TE

Exl

=4 nm
f—
+
[
-3
—i
—

DO R o Y ]

T I T

o f Zienp
8 s 3

Wl T e
e
i

fa, HE EE e

—

S U SV B

wnw [TT e 5 &=t

Enter elements of first matrix

¥ 1 M e
i+Jd1%

P ledisto -2

= oame senp CCHA
HOESS =R

o

i,

T e e BE et e

wn g0

D e O
b ey mu

e,
-.I'!

- L bt T2
oAt

Wy

-
ol

T e
=
=
o,

3

-

hy]
]

il

wan
i =F

B
) s UT)LT] e e

N

L3 X
e (T
S
e T
A i
T

3
mm g

et ]

T

1T
T

tort
L 11

W1 3T

o=+

Make corrections if necessary

(% e

!

] o Y

ORH7 " fwalt
13y erne "H ;
[y " E-,' e *TH = [l ¥ .
- e Enter operation code
5 LI o =
Mizpo sif fFlsl3
sofa 1disto 48
14% 1¢ K=dsene
LLBE i !:II s IHI i [yl , . .
= e T P ‘ﬁLJJﬂ:: Enter scalar multiplier if necessary
srBieto +1l4Fif
flmizigto +0
T5: dzr "HRTRIA
:..i%ﬁgl 1js;-rt Second Matrix
"HETRIN BMizec
16 1¢ #=8 or
Ml B0 %._i 1E= r,-x : L. . . ,
G T R If addition or subtraction use same dimen=

i

+
0 -l

sions

32




ANNOTATED LISTING:
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ANNOTATED LISTING:
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ANNOTATED LISTING:

SUBROUTINE - MATRIX OPERATIONS
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ANNOTATED LISTING:

eds 1k aGsD01s
dliEFG At -2

20y lediif HuI

dzp "ILLEGAL Check for illegal operation code
OF"szfa ZFiret

Sy if (I+isI1:D
Pet

S2FE ALIs JlvE=sCIl Scalar multiplication
sl dme [d+Ll+d)
+E

soe d+digto -2

2%: end

FLAGERZ
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Matrix Inversion

FILE 5 DRIVER

FILE 6 MATRIX INVERSION AND DETERMINANT SUBROUTINE
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(@) HEWLETT- PACKARD

@) HEWLETT- PACKARD

Matrix Inversion And Determinant
Function For Real Matrices

This program will invert a square matrix and compute the determi-

nant using the subroutine "INVERT" in file 6. The resultant matrix may

be reinverted to check the accuracy. This should always be done when

the determinant is relatively small.

The elements of the matrix may be real numbers (e.g. 5, 2.1436, )

or expressions whose values are real numbers (e.g. 1/2, J@, sin (n/4)).

a1 32
a2 32
anl an2

%3 e %1n
as eee an
a3 Tt qhn

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The largest matrix that can be inverted by the subroutine is depen-

dent on the user's calling program. If file 5 is used in copjunction

with the subroutine, you can invert up to a:

23 by 23 matrix on the 6,844 byte machine
39 by 39 matrix on the 15,036 byte machine
50 by 50 matrix on the 23,228 byte machine

59 by 59 matrix on the 31,420 byte machine

2. "DET = 0" indicates that the matrix cannot be inverted because the

determinant is zero.

3. The time to invert a 4 by 4 matrix is approximately two seconds while

a 10 x 10 matrix is about 27 seconds.
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4. The inv command can be used in lieu of this routine if you
have the matrix ROM. .

FORMULAE :

aij is the element in the ith row and jth column, Pk is the pivot for the

kth row, and rk and Cy represent the permuted order of the rows and columns.

1. Normalization:

+
a_ j/Pk a i

for § =1, 2,...,n+l j # Cp
k k

1/Pp, + a
k rkck where rk, ck for kX = 1, n represent the column

and row permutation vectors.

2. Reduction:

aij - aic a. 3 - aij for j =1, ntl j # Cp for i =1, n
k k i#Fr
k
3. Unscramble Solution:
a , > for i =
rij yc. or i 1, n
J for j =1, n
Y. + a,. for i =1, n
i ij
-> 1 =
aic. Yr, for j 1, n
J J for i =1, n
. -+ a,. for j =1, n
y; i3 J ]
REFERENCES:
1. Carnahan, B., Luther, H.A., and Wilkes, J.O., Applied Numerical .
Methods . (New York: John Wiley & Sons, 1969), pp. 282 - 284.
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INSTRUCTIONS:

Insert UTILITY ROUTINES cartridge with machine on.

Load the file.
a. Type in 1df 5
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
to be printed to the right of the decimal point (0<N<1l) .

b. Press EXECUTE

Press RUN

When "NO. OF ROWS?" is displayed:
a. Enter the number of rows in the matrix (this is also the number
of columns since matri% is square).

b. Press CONTINUE

"aA[1, J]" will appear in the display, where "I" will be the row
number and "J" the column number of the next element to be entered.
a. Enter the element in the Ith row and Jth column.

b. Press CONTINUE

c. Repeat step 6 until all elements of the matrix have been entered.

When "CHANGES" is displayed:

Either

a. Press CONTINUE if you do not want to make any changes to the
entered data.

b. Go to step 1l.

or
a. Enter 1, if you need to make some changes.
b. Press CONTINUE

When "ROW?" is displayed:
a. Enter the row number of the element to be changed.

b. Press CONTINUE

When "COLUMN?" is displayed:
a. Enter the column number of the element to be changed.

b. Press CONTINUE
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10.

11.

12.

When "A[I, JI" is displayed: "I" and "J" will be equivalent to the
row and column number of the element to be changed.

a. Enter the correct value of the element.

b. Press CONTINUE

c. Go to step 7.

The inverse of the original will be printed by rows. The deter-

minant will also be printed unless it is zero (see Diagnostic Messages) .

"REINVERT" will be displayed:

Either

Press CONTINUE if you do not want to reinvert the matrix
or

a. Enter 1 to reinvert the matrix

b. Press CONTINUE

c. The reinverted matrix will be printed by rows.
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EXAMPLES:

1 1/2 1/3 9 -36 30
1/2 1/3 1/4 _ -36 192 -180
1/3 1/4 1/5 30 =180 180

HO. OF ROWS?

P

L1137 REINVERT?
1 1
ACLs217
172
AL, 310 m—==IHYERSE---- == IHYERSE----
LI _
143 BY ROHS BY ROWS
‘I' ALEs117
ls2 9. BREERE 1.06086E

o -6 . GAEERA 8.5RE880

??g’hl? 30, BEEEEE B.333333
&

) -3 AREEEE G.568680
AL2,317 197 .600080 B.333333
174 ~180@ . ARAREE B.250000
AL3:117 36600000 B.333333
13 ~-180 ., ARARAA @,250000
03,210 180 . 6AERE6E6 8.ZAREER

X
1.4
AC3s 317
1.5
e e DETERMIMANT I3 DETERMINAMT IS
CHANGES? B,000463 2160, GAARED
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HO. OF ROMS?Y

ACLs117

(]

AC1: 217

ALz 137
o

C

P

s 21

o 23

CHAMGESY

~- == THYERGE -~~~

EY EOHS

= 5
Ly

I or
b= %
D B

D i
= T
A )

[ e ]

bt [

I I |

ol L
oo
| ol KX

0 g

GETERHM

| o=
—
L0 e
= I
=y

-0.060606 0.151515

0.272727 . -0.181818

REIMVERT?
1

-===IHVERSE~--—~
BY ROWS
oL.AB00EE
S.088868

9 .600000
R EEEET

DETEEMIMANMT I=
-8 .838383
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" INVERT" SUBROUTINE

This subroutine will invert a square matrix and compute the determi-
nant of that matrix. A modified Gauss - Jordan elimination technique is
used with newly computed elements overlaying the original matrix to save
storage space. This matrix destroys the original matrix. A row

pivot and column pivot search is used to maximize the accuracy.

A determinant of zero will cause an error message to be printed, but
any very small determinant may be an indication of loss of accuracy and

should be checked by reinverting the result.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "INVERT" to take advantage of
its capabilities. The results of the calculation and any other output is
designated under <OUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore

check the variables listed under <DESTROYED>.

An example of a typical program which uses this subroutine may be found

on page 48 or in file 5.

PARAMETERS AND VARIABLES USED:

<INPUT>
N number of rows (also columns since array is square)
af,] matrix to be inverted
flg 1 set for reinversion of the resultant matrix; clear if first

inversion of matrix
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<QUTPUT>

N unchanged

al,l] inverted matrix

D determinant of matrix

flg 4 set if determinant is zero

<DESTROYED>

B current largest (in magnitude) available pivot element

C current pivot column

E temporary storage

I loop counter for row

J loop counter for celumn

K loop counter

M row reduction multiplier

P pivot element

Q loop counter

R current pivot row

c[n] vector to keep track of column interchanges

R[N] vector to keep track of row interchanges

Y [N] used to reorder row vector to determine the sign of the
determinant
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INSTRUCTIONS :

Load your program into memory. Your program should set up all

necessary parameters (N, A[,]) to be passed to the subroutine.
Insert UTILITY ROUTINES cartridge.

(Optional)

a. Type fxd N or fit N where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Load the file.
a. Type 1df 6, N, M where:

N = 1line number where the first line of the subroutine should

be loaded into memory.

M = 1line number where execution is to begin after subroutine

is loaded.

b. Press EXECUTE
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ANNOTATED LISTING:

DRIVER - MATRIX INVERSION

fe]

(T s

.

[ R ]

Load subroutine

i._‘.
1 ==
sl e |

-2 i
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[ Bl D B

[

2] EmCET ¢}
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— 4+
Y o, Beod cmun] T sam

ow
- 'h]-

-
-
bl
-

s Ty me |y
P

B -
-+

ﬂflaJE'
at o +Dal?
flalisdme
1+ 01 xH

Enter elements of matrix

= 1+J=gfn -
si oenp "CHHHGES
"sRBizpco 317
flaliscia 13
ato b
Fioene "REOWTTsIs
sprn 31 flaids .
cfa Ss-atia +i Make corrections if necessary
23 oene TCOLUMHTY
v dispc 31f flal
Siotfae 13fato +8
9 oofa livene
ALlsdlszrpe 3
gto +EI1F not
flalZiato -3
18: aszsh "IHVERT® Branch to subroutine
1i: i¥ +1l3dizrpc Stop if error flag is set
distm
128 @xlsisdisec
Fiprt "e---IHVE
RFEE~m——"8 s 3 Print headings
et TBY EOWMSYs
R0 2
13 if (I+1=115H
sspe drprt "DET
ERMIMNANT Iﬂ"sD§ Print determinant
=R l-'l- L] 1‘ 1 + . ._.
14: mrt ALIL A5
drme [A+1+d15H
15t i+ dizspc 3 Print inverse
Fto ~2
les cfa lifenm
"REIMYWERET®"s I3
i¥ $lal3tzpc 41 Check if reinversion is desired
e
1vV: s=fs lsaig -V
P
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ANNOTATED LISTING:

B "IHWERT"ic{a
43@8+kK31=+0

1: if pot F1ali

dim P[H}!FEJ]

SUBROUTINE MATRIX INVERSION

Dimension row and column permutation vectors
unless reinvert flag is set

1t ¥P+1 I H

‘-;tD + 7 Inversion finished ~ branch to unscramble
icH E*I*J*B
i if (I+1+T1xH3 Reduce next row
ato +12
S0 B
Bdo1f [H+1s0) K-
ligtao +3
cioif I=RIETS Check that this row has not already been used
Fto -3
2i o9to -7
“E if UJd+1i+]1=Hs Reduce next column
B+ dsato -5
18: A0
11 1+ (L+14015E
:l Ito +3 Check that this column has not already been
120 if J=CLa7: used
Ito -3
a2 o ato -~
14: 1f fabsi{ALls B will always contain current largest element
"t a A . O ) -~
dIVFENF=EY ISR LK current row saved in row permutation vector R[]
iF-J*L-[KE {E'*E current column saved in column permutation
i5: ?FC} -k vector C[]
let 14 THIEILET .
L [H}J'f?}:=ﬂ;‘ﬂﬁﬂ If maximum element is zero then determinant
"ODET=8"1zfa 43 is zero
beerpibeept rat
1?: 0 F'":tE' o Update determinant
1:5:: RIOKI+REyCLET + R and C are temporary simple variables for
L _ row and column
19 @=+J
2@ i [Jd+l+JdixH
iato +3 Normalize the pivot row
21 1fF Jd=03il1s
FrALRsCliato -1
227 AlRE: 11 -P+RILR
v Jliato -2
R EEN
sS4 if (I+1+11xHM
sato —22
23% ALI«CI=+Miiy
I=Fiat o -1 Row reduction for remaining rows
260 if {d+1l+d1xH
;B+_=;Tn -
278 1f J=Cideo-
F+HIIsC15ato -1
28 ALIxJI-ALRs
JIMFALT s 159t
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ANNOTATED LISTING:

29: AxIsdiif
hot Flalidim

¥ LN
2@: if .[..|+l-'-*J3 #H Put permuted rows and columns back into
ifsl+diato +3 original order

31 if (I+1=211:H
yB+liato +2
AIRLIY s iYL

I7l1%ato -1
if (I+#1+11>H

+ligto -3

YLIJ+ALIs J]s
-1
if (J+1+11:H

tao +35
if (J+1+J15H

LI\ | ws ok se ) 858 =y ==
)

! ALI.CLJI1=»YIL

[J1liato -1

s if [d+is+JI N
+Jyato -3
YIJI+ALIJ]8

if (I+1211)¢4=
CLIT+YIRILI11S
ato +8 .

dz2: A=+] Determine correct sign of determinant by
43 if (I+1+11>H number of row interchanges required
yret
44: @+.J
45: if (J+l+J12H

-1iato -2
46 if Y[JI<=YILJ

+1li3ato -1
47 Y LJI+ESY[J+

11+Y[JISE+Y L J+

115i-D+Dsiato -2
43: gto -3
¥17867
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Simultaneous Equations
Using Matrix ROM

FILE 7 DRIVER

FILE 8 SUBROUTINE "MATS"
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(@] HEWLETT- PACKARD (@] HEWLETT- PACKARD (@] HEWLETT- PACKARD

(@] HEWLETT- PACKARD

Simultaneous Equations
Using Matrix ROM

This routine will solve N simultaneous linear equations with real
coefficients in N unknowns. The program itself requests all the necessary
information, calls the subroutine "MATS" in file 8 on page 58 and prints

the solutions.

+ + ..+ =

211%1 T 312% n'n T G
+ ces =

azlxl 322}:2 + + aznx Cn
+ + ... + =

a lxl an2x2 a xn Cn

The advantage of using the matrix ROM is twofold. The subroutine
itself is significantly shorter allowing a larger system of equations to
be solved and the routine is significantly faster. Approximate size and

time estimates are available in the Special Considerations section.

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The matrix ROM is necessary for this program.

2. The maximum number of equations that can be solved depends on the
size of the calling program. However, if the program in file 7
is used the following limitations hold. If N is the number of

equations then:
N < 26 on

u

6,844 byte machine
N < 40 on

o]

15,036 byte machine
N < 51 on

o

23,228 byte machine
N < 60 on a 31,420 byte machine

3. A determinant (available in D) which is very small compared to the
average size of the coefficients is an indication of an unstable sys-

tem of equations and could lead to erroneous solutions.
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4. The time to solve 4 equations was instantaneous and to solve 10

equations took approximately 1.5 seconds. .
FORMULAE :
If: AI[N,N] matrix of coefficients

C[N] constant vector and

X[N] vector of solution then:

A * X = C and the solution is computed with the formula X = A C
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INSTRUCTIONS:

Insert UTILITY ROUTINES cartridge with machine on.

Load the file.
a. Type in 1df 7
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11}.

b. Press EXECUTE

Press RUN

When "NO. OF EQS?" appears in the display:
a. Enter the number of equations (also unknowns) to be solved.

b. Press CONTINUE

"A[I, J1" will appear in the display where "I" will be the row number

and "J" the column number of the next element to be entered.

a. Enter the real number or expression for the coefficient in the
Ith row and Jth column.

b. Press CONTINUE

c. Repeat step 6, until all coefficients of the matrix have been

entered.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE if you do not want to make any changes to the
entered data.

b. Go to step 11

or

a. Enter 1 if you need to make changes.

b. Press CONTINUE

When "ROW?" is displayed:
a. Enter the row number of the coefficient to be changed.

b. Press CONTINUE
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10.

11.

12.

13.

14.

15.

16.

When "COLUMN?" is displayed:

a.

b.

Enter the column number of the coefficient to be changed. .
Press CONTINUE

When "A[I, J1" is displayed:

a.
b.

C.

Enter the correct coefficient.
Press CONTINUE

Go to step 7

"CONSTANT VECTOR?" will be printed.

When "C[I]" is displayed, "I" will represent the Ith component of

the constant vector.

t
Enter the value of the I h component of the constant vector.

a.
Press CONTINUE

c. Repeat step 12 until all the components of the constant vector
have been entered.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE , if you do not need to make changes to the
constant vector

b. Go to step 16

or

a. Enter 1, if you need to make some changes.

b. Press CONTINUE

When "ROW?" is displayed:

a. Enter the row number of the component in the constant vector to
be changed.

b. Press CONTINUE

When C[I] is displayed:

a. Enter the correct value.

b. Press CONTINUE

c. Go to step 13.

The roots will be printed beginning with Xl and ending with Xn.
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EXAMPLE :
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"MATS" SUBROUTINE

This subroutine will solve N simultaneous linear equations with

real coefficients in N unknowns, where the equations are written in matrix
form as follows:

4,1 81,2 4,3 " %,n * °1
4,1 83,2 2,0 *2 )
a3’1 .o : = :
a e s a X C
n,l n,n n n

a, . are the coefficients, x.1 the roots and ci the constants.
r

The user must be careful to make a copy of the original matrix of
equations if he wishes to use it again. An example of a program which

uses this subroutine can be found in file 7 or on page 61 .

PARAMETERS AND VARIABLES USED:

<INPUT>
N Number of equations
A[N,N] matrix of coefficients
C[N] vector of constants
<QUTPUT>

N, C[N] unchanged
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A[N,N]

X [N]

<DESTROYED>

A[N,N]

inverse of original matrix

vector of solution Xl, XK.y eee;p X

2 n

determinant of matrix of coefficients

contains inverse of original matrix
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INSTRUCTIONS:

1. Load you program into memory. The program should set up all neces-

sary parameters (N, A [,], C []) to be passed to the subroutine.
2, Insert UTILITY ROUTINES cartridge.

3. (Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
b. Press EXECUTE

4. Load the file.
a. Type 1df 8, N, M where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after the sub-

routine is loaded.

b. Press EXECUTE
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ANNOTATED LISTING:
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DRIVER - SIMULTANEOUS EQUATIONS
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ANNOTATED LISTING:

SUBROUTINE - SIMULTANEOUS EQUATIONS WITH MATRIX ROM

B: "MATE":diwm

W IHI Dimension result vector
it inv H+R.D Compute inverse and determinant
S owmat HECEY Compute vector of solutions
SEored
AR LA
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Simultaneous Equations
(Maximum Accuracy)

FILE 9 DRIVER

FILE 10 SUBROUTINE "SOLVE"
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- Simultaneous Equations
(Maximum Accuracy)

()
o
<
x . . - .
Eé This program solves a system of N simultaneous linear equations
A with real coefficients in N unknowns.
-
|_
4
+ + ... + =

= o 0 Wy i ot W Vi %1,n *n 31, n+l
L
I
g

a X + a X, + ... + =

2,1 %1 2,2 *2 %2,n *n 2, n+l
(=}
[0 ;
b LR R R
x
Q
EE a a + =
o n,1l % n,2 %) e an,n Bah T an,n+l
-
4 | |

.; The coefficients may be real numbers (e.g. 5, 2.1416, 7T) or expressions

(]
T whose values are real numbers (e.g. 1/2, -/3, sin (T/4)).
i
=

The program requests the necessary inputs and prints the results

after calling the subroutine "SOLVE" in file 10 on page 70 .
SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:
1. The maximum number of équations that can be solved with this sub-

routine will depend on the size of the calling program. The follow-

ing size limitations assume that the calling program in file 9 is

(@] HEWLETT- PACKARD

used. If N is the number of equations than:
N < 25 on a 6,844 byte machine
N < 40 on a 15,036 byte machine
N < 51 on a 23,228 byte machine
N < 60 on a 31,420 byte machine
2. "DET = 0" indicates that the system cannot be solved since the deter-

minant is zero.
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3. The time to solve four equations was approximately two seconds while

ten equations took about four seconds. .
FORMULAE :

1. Normalization:

a
X3 | 1
T akj, for j = n+m, n+o-1, ... , k
a
kk
2. Reduction: r k=1, 2, ... , n
- -
%9 7 %k %y T %45
for i =1, 2, ..., n
j = ntm, ntm-1, ... , k i # k)
REFERENCES:
1. Carnahan, B., Luther, H.A. and Wilkes, J.0., Applied Numerical o
Methods (New York: John Wiley & Sons, 1969), pp. 270 = 273. .
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INSTRUCTIONS:

1.

Insert UTILITY ROUTINES cartridge with machine on.

Load the file:
a. Type in 1df 9
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Press RUN

When "NO. OF EQS?" is displayed:
a. Enter the number of equations to be solved.

b. Press CONTINUE

"A[I, J]" will appear in the display where "I" will be the row
number and "J" the column number of the next element to be typed
in.

N \ th th
a. Enter the coefficient in the I~ row and J column.

b. Press CONTINUE
c. Repeat step 6 until all coefficients of the matrix have been
entered.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE if you do not want to make changes to the
entered data.

b. Go to step 11.

or

a. Enter 1 if you need to make changes.

b. Press CONTINUE

When "ROW?" is displayed:
Enter the row nuﬁber of the coefficient to be changed.

b. Press CONTINUE
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10.

11.

When "COLUMN?" is displayed:

a. Enter the column number of the coefficient to be changed. Sl | .
b. Press CONTINUE

When "A[I, J]" is displayed, "I" and "J" will be the row and

column numbers of the coefficient to be changed. ”
a. Enter the correct coefficient |

b. Press CONTINUE

c. Go to step 7.

The roots will be printed beginning with Xl and ending with Xn. If

the system 'cannot be solved the message "DET = 0" will be printed.
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EXAMPLE :

M. OF E@EY

el

RLL.11%

i
ok

ALL.21%

+ = 4

Xl X2 3 1
2% - 2X, = -2 ALisa1%

3

X, =1 A2 217
= —E
X2 2
AL2y 317
-z
CHAMGES?

-==ROO0TE ARE----
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"SOLVE" SUBROUTINE

This subroutine will solve a system of N simultaneous linear

equations with real coefficients in N unknowns.
a
1,n n 1, ntl

2,n " n T %2, ntl

n,l1 1 n,2 °2 . n,n “n . an,n+l

A modified Gauss - Jordan method with a row pivot search is used
to increase the accuracy. The original matrix is destroyed during the
process. When used as a subroutine, all parameters specified under
<INPUT> must be assigned in the user's calling program. The user may
then append the subroutine to his program and use gsb "SOLVE" to take
advantage of its capabilities. The results of the calculation and any
other output is designated under <OUTPUT>. The user should be aware
that the subroutine may alter variables the he is using in his program
and should therefore check the variables listed under <DESTROYED>. An
example of a typical program which uses this subroutine may be found on

page 73 or in file 9.

PARAMETERS AND VARIABLES USED:

<INPUT>
N number of equations (unknowns)
AN, N+1] matrix of coefficients where the first subscript is the

Yow
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<OUTPUT>

X {N]

flg 4

<DESTROYED>

T

o AN, N+1]

unchanged
vector of solutions Xi for i =1, N

set if the determinant of the matrix of coefficients

is zero -indicating that system is unsolvable.

current largest (in magnitude) element in search for pivot;

also used for pivot.

loop counter used as row subscript

loop counter used as column subscript

loop counter

row which contains largest pivot available

partial sum used in backsolve process

temporary storage

matrix of coefficients
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INSTRUCTIONS :

Load your program into memory. The program should set up all

necessary parameters (N, A[,]) to be passed to the subroutine.
Insert UTILITY ROQUTINES cartridge.

(Optional)
a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0£N<11) .

Load the file.
a. Type 1df 10, N, M . where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after subroutine

is loaded.

b. Press EXECUTE
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ANNOTATED LISTING:
DRIVER - SIMULTANEOUS EQUATIONS
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ANNOTATED LISTING:

SUBROUTINE - SIMULTANEOUS EQUATIONS
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Simultaneous Equations
(Maximum Size)

FILE 11 SIMULTANEOUS EQUATION ROUTINE USING MINIMUM AMOUNT
OF SPACE
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@] HEWLETT- PACKARD

@) HEWLETT- PACKARD

@ HEWLETT- PACKARD

@] HEWLETT- PACKARD

Simultaneous Equations
(Maximum Size)

This program will solve N simultaneous linear equations in N unknowns,
using the minimum amount of memory possible to allow for the largest pos-

sible number of equations.

1,n°'n al,n+l

2,n°n ~ %2,n+1

n,I"1 n,2 2 4 n,n n an,n+1

The method used performs all necessary operations on coefficients as
they are input one at a time by rows. Only those coefficients necessary
for modification of future coefficients are saved. Two disadvantages
accrue with this method. Because no row or column pivoting is performed
the accuracy of the solution may be diminished and secondly, it is more
likely that a zero diagonal element will be found. In the later case

an error message "DET = 0" is printed. The equations may still be sol-
vable if you type in the coefficients again with the rows in a different
order. If the system of equations is small enough, these problems can

be avoided by using the programs in file 9 and 10 on pp. 63 - 74.

Because of the method used to enter the coefficients, a subroutine

has not been written for this program.
SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:
1. The maximum number of equations that can be solved with this pro-

gram will be affected by other programs resident in memory. But if

no other user programs are present then the following limitations

apply:
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If N is the number of equations then:
N < 36 on a 6,844 byte machine
N < 57 on a 15,036 byte machine
N < 73 on a 23,228 byte machine

N < 85 on a 31,420 byte machine
2. "DET = 0" indicates that the system has no solution. Enter the

coefficients again with the rows in a different order.

3. The time requirements for this program are negligible since calcu-

lations occur after each coefficient is entered.

FORMULAE :
If j £1
.. —a, *a =+ . for k = i - 1
al] ik kj  2ij o Lr 3
If 53 > i
a,.-a, *a  *+353 . fork=1toi-1
ij ik kj ij
a../a.. - a,.
13 11 ij
For backsolve process:
-
an,n+1 xn
i+l
= a - I x a. for i = n-1, n-2, ... 1
T TV B e nThe BS

For correspondence between U[K] and A[I,J]

_ I -2
K= (I-1) N~

] +J-1
REFERENCES :
1. Hewlett Packard 9820A Math Pac, pp. 37 - 4l.

VARIABLES USED:

A current coefficient being entered
I current row number
J current column number - reinitialized to 0 after N + 1

values have been read in (one row)
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K loop counter

N number of equations
S partial sum used in backsolve process
A [N] row elements aij of current row i where i £ j

A[l] is the first element of row
X z .t
A[I] is the pivot element for i h row

The solution vector is also stored here

U [N(N+1) /2] upper diagonal elements of matrix which must be saved

since they modify coefficients which are read in later.
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INSTRUCTIONS :

Insert UTILITY ROUTINES cartridge with machine on.

Load the file.
a. Type in 1df 11

b. Press _EXECUTE
(Optional)
a. Type fxd N or flt N where N is the number of digits

printed to the right of the decimal point (0<N<]l).
b. Press EXECUTE

Press RUN

When "NO. OF ROWS?" is displayed:
a. Enter the number of rows.

b. Press CONTINUE.

When "ROW I" is printed, "I" represents the current row of coefficients
to be entered. Go to step 7.
or

If all rows have been entered, go to step 8.

When "A(I, J)" appears in the display:

a. Enter the next coefficient in that row
b. Press CONTINUE
c. Repeat steps a & b until all elements of row I have been entered.

d. Go to step 6.

The rooﬁé Xl, X2, PR Xn will be printed unless the error "DET = 0"
occurs. If this error is printed, you can rearrange the order that

the rows are entered and go back to step 4.
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ANNOTATED LISTING:

Bt cofa 13%enm
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1% diwm REHIULD.5
HIM+1 1158+ 13
spo osert "BY
FOUWE"izpc

SIMULTANEOUS EQUATIONS - MINIMUM SPACE
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1Ty
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4

[T P
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PAM= . 2 (E=-211+
d=-KI+Ridne (K+
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A+Altliato -4

If column number less than diagonal element
perform row reduction

Ex Ix)
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1d: if ALII#B:RS
ALII+ULTI-10 (M-
WSl -21 i+ d-130
R el =

If column number greater than or equal to
diagonal element perform row reduction and
divide by pivot element

11:

If pivot element is zero - determinant is
Zero

ig: UL.5
ALHI] s M=+
13y i¢
1ato
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15:
J=T131+Sydwmp (4=
I+ 0y <Il+1
16 ULLI-111i{H-
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Solutions Xl, X2 “ea Xn are stored in

array A[(l)l, A[2], ..., A[N]

82




Numerical Integration Of
User-Defined Function
(Simpson’s One-Third Rule)

FILE 12 DRIVER

FILE 13 SUBROUTINE "SIMPSON"
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(@) HEWLETT- PACKARD [ HEWLETT- PACKARD

(@] HEWLETT- PACKARD

Numerical Integration Of
User-Defined Function
(Simpson’s One-Third Rule)

This program approximates afb f(x)dx Dby calling the subroutine
"SIMPSON" in file 13 on page 89 . The user defines the function f(x)
which may be algebraic of the form a, + alxél + a X2 4 cee + anxen
with a, real and ei rational (e.qg., x3 + X3/2 + +/X) or transcendental

(e.g., sin(X) + cos(X)), but must be continuous over the interval [a,b].

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. "BOUNDS REVERSED" indicates the lower intergral bound is larger
than upper.

2. "DEFINE FUNCTION" indicates that the user forgot to define the
function.

FORMULAE :

Simpson's One-Third Rule:

fab f(x)dx = —1—?:‘— [f(a) + 4f(a + h) + 2f(a + 2h) + 4f(a + 3h) + ...

+ 4f(a + (n - 1)h) + £(a + nh)]
number of intervals,

h = _(—h;-;.-_a-)- = interval size

where n

REFERENCES :

Beckett, Royce and Hurt, James, Numerical Calculations and Algorithms

(New York: MCSGraw-Hill, 1967), pp. 166 - 169.
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INSTRUCTIONS:

1.

Insert UTILITY ROUTINES cartridge with machine on.

Load the file.
a. Type 1df 12
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Press RUN

When "DEFINE FUNCTION" appears in the display:
a. Type gto "EVAL"

b. Press EXECUTE
Press STEP
Press STEP

Fetch the line where the function is to be stored.

a. Observe the number in the display and press FETCH followed
by that number.

b. Press EXECUTE

'beep; beep ; dsp "DEFINE FUNCTIOH"; stp' will be displayed:

If the function definition will fit on one line then:

a. Type the function to be evaluated into the display in the form
f(X) > Y (e.g. X2 + 3X + 5 > ¥).

b. Press STORE

C. Go to step 10.

Otherwise, if the function requires more than one line:

a. Type the first line of the function definition.

b. Press STORE

c. Type the next line of the function definition.

d. Press 1INSERT (line INSERT not character INSERT)

e. Repeat steps c and 4 until the complete function has been

entered.
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10.

11.

12,

13.

14.

15.

l6.

Continue execution

a. Type cont 2 (you must type the word "cont" character by
character rather than pressing the CONTINUE Kkey).

b. Press EXECUTE

"MAX NO OF ITER?" will appear in the display.

a. Enter the maximum number of times that you would like the
interval size halwved.

b. Press CONTINUE

When "EPSILON" appears in the display:

Either

a. Enter the error tolerance stopping criterion. When the dif-
ference between two successive computations of the integral
is less than this wvalue, the procedure will stop.

b. Press CONTINUE

or

Press CONTINUE which will automatically assign an epsilon of 10—6.

When "LOW BOUND?" is displayed:

a. Enter the lower bound of integration.

b. Press CONTINUE

When "UPPER BOUND?" is displayed:

a. Enter the upper bound of integration.

b. Press CONTINUE

When "PRT PARTIAL RES?" is displayed:

Either

a. Enter 1 if you want the computed integral printed out for each
halving of the interval size.

b. Press CONTINUE

or

Press CONTINUE if you only want the answer printed.

The integral will be printed.
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EXAMPLES :
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"SIMPSON" SUBROUTINE

This subroutine will approximate é? f(x)dx for the user-defined
function f(x) which must be stored in the form f£(X) > Y (e.g., X42 + 2X +
3 > Y). Because the function is user defined, it may be algebraic of the
form a + a x 1+ azxe2 + ...+ anxen with a, real and e, rational
(e.g., x3 + 3%x3/2 - /X) or transcendental (e.g. sin(X) + cos(X)), but

must be continuous over the interval [a, b].

The method used in Simpson's one-third rule with truncation error

4 .
o(h’) where h is the interval size.

The stopping criterion for this method is either a maximum number
of interval halvings or successive computations of the integral differing
by less than some user-supplied epsilon (error tolerance). When used as
a subroutine, all parameters specified under <INPUT> must be assigned in
the user's calling program. The user may then append the subroutine to
his program and use gsb "SIMPSON" to take advantage of its capabilities.
The results of the calculation and any other output is designated under
<OUTPUT>. The user should be aware that the subroutine may alter variables
that he is using in the program and should therefore check the variables
listed under <DESTROYED>. An example of a typical program which uses

this subroutine may be found on page 93 or in file 12.

PARAMETERS AND VARIABLES USED:

<INPUT>
M maximum number of iterations (interval halvings)
A lower bound of integration

89



B upper bound of integration

E epsilon; error tolerance between successive integral .

computations that will halt procedure

£(xX)*Y function must be defined by user (see instructions for

correct procedure to do this)

flg 3 should be set if you would like intermediate results

printed

<QUTPUT>

A, B, M, E unchanged

S integral £? f(x) dx
flg 2 set if integration bounds are reversed
<DESTROYED>
F previous value of integral used for stopping criterion
I loop counter for number of iterations; must be less than M
L domain argument
N current number of intervals (24I = N)
W interval size (B - A)/N
X domain argument for function evaluation
Y functional value f (X)
flg 6 used to eliminate the epsilon stopping criterion on first

computation of integral

0



INSTRUCTIONS:

1.

10.

Load you program into memory. The program should set up all neces-

sary parameters (A, B, M, E, flg 3) to be passed to the subroutine.

Insert UTILITY ROUTINES cartridge.

Type 1df 13, N  where:
N = line number where first line of subroutine should be loaded into

memory.
Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Find the line where the function is to be stored.
a. Type gto "EVAL"
b. Press EXECUTE

Press STEP
Press STEP

Fetch the function line into the display.

a. Observe the number in the display and press FETCH followed
by that number.

b. Press EXECUTE

'beep; beep; dsp "DEFINE FUNCTION"; stp' will be displayed:

If the function definition will fit on one line then:

a. Type the function to be evaluated into the display in the form
f(X) > Y (e.g. Xt2 + 3X + 5 > Y).

b. Press STORE

c. Go to step 11

Otherwise, if the function requires more than one line:

a. Type the first line of the function definition.

b. Press STORE

c. Type the next line of the function definition

d. Press INSERT (line INSERT not character INSERT)
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11.

12.

e. Repeat steps ¢ and d until the complete function has been

entered

Continue execution.

a. Type cont N where N is the location where program execution

should begin (do not press
one character at a time).

b. Press EXECUTE

Your program is ready to run.
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ANNOTATED LISTING:

DRIVER - NUMERICAL INTEGRATION - SIMPSON'S METHOD

Load subroutine

User must define his function in the subroutine

How many times should interval be halved?

Error tolerance between successive calcula-
' tions of integral

EDUHDﬁ"-H-.
if flals
133ato +B

1
L f
1
3t ene TLOTER
e

o.l'i?.!

Lower integration bound

5t enr  UFFPER

BOUHO®"sBizpc
if flal3scia

13isto +8

an

Upper integration bound

Bt =fa dienp
"PET FRRETIAL
RES?"slizpc
if flal3scfs 3

Should the partial results be printed?

Ssb " SIMPSOH"

Branch to subroutine

Stop if error flag is set

T
ar 1t fladiztp
9: ZRC SIRPL

HFEbRHL FROM"

"sBa " s TTE"
121 4uend

Print integral and integration bounds

23



ANNOTATED LISTING:
SUBROUTINE - NUMERICAL INTEGRAION - SIMPSON'S METHOQOD

B "SIMPSOM i8]
*Sicfa Zisfa & Check for lower bound greater than upper
1t i+ AsRBid=e bound
"BOUNDS REVYERSE
D"ssfa 2iret
2% HA¥asazh TEVHL
! Functional values of initial and final values
D DFEY S B of integral are saved in T
szh "E!HL"
di S+Y+52T
Bt if ([+1+11707
F+Siret Compute number of intervals (N), interval
i 2TI+Mi(iBE-A1~ size (W), and first interval value (Y).
H:’fHJ +R*H Yy ash Lower bound is assigned to L.
"EMALT
VEoOS+dYeRiAeL
g it TL+ZH=LT<E L is incremented by 2 interval sizes up to
sato +0 the upper bound B
EENTER T R
flaliprt "# Print approximation to integral
IMTY " oM "ARER" s
SiERC
18: 1f flacrcfa Flag 6 cleared after first pass through Ioop
Biato +2
11 1+ ahs(F- Check if stopping criterion satisfied
Z14iEiret
l.'__ =¥FiT+5iata Save former sum for convergence check .
-7
1% Le+xiazh "EVYA
L" Multiply successive function values by 2 or 4
14 S+EY+SiL+ and update the sum
H+ssazh "EVRL®
i5: S+4yaSiatn -
;
lar "EWHL"
17 besrpibheen:
dap © EiEFIHE Line 17 will contain the user's function
FUNCTIOM §iztm definition
ig: ret
#15316
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Numerical Integration Of
User-Defined Function
(Romberg Quadrature)

FILE 14 DRIVER

FILE 15 SUBROUTINE "ROMBERG"

95



96




(@] HEWLETT- PACKARD

[@] HEWLETT- PACKARD

(@) HEWL!!T- PACKARD (@] HEWLETT- PACKARD

Numerical Integration Of

User-Defined Function
(Romberg Quadrature)

This program approximates gé f(x)dx by calling the subroutine
"ROMBERG" in file 15 on pagel02. The function must be defined by the
user in the form f£(X) + Y as explained in the instructions and should be

continuous over the interval [a, bl.
SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. Entering an arbitrarily large number of iterations for interval
halvings will not necessarily increase the accuracy and will definitely
slow the computation down. This method is usually more accurate

than Simpson's (with truncation error o(h4)) so the smallest inter-

val size should be chosen accordingly.

2. "BOUNDS REVERSED" indicates that the lower integration bound is
larger than the upper.

3. "DEFINE FUNCTION" indicates that the user forgot to define the

function to be integrated.
FORMULAE :

Trapezoid Rule:

Ti = integral evaluated for i trapezoid intervals.
i-1
T, = . (f(a) + £(b)) + h L f(a + jh)
i 2 .
i=1
T2i = integral evaluated for 2i trapezoid intervals.

We can compute a new approximation

p (1) 24Ty - Ty
21 3
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Further extrapolation computes approximations according to the formula:

. 4JT .(J -1 - '.l‘.(:J -1
T (J)= 2i ' i
2i 43 -1
The resulting matrix:

(1) (2) (3) (4)

T Ty Tg T16
(1) (2) (3)

Ty T4 Tg T16 y

(1) (2)

T4 T8 T16 .
(1)

TB T16 .

Tl6 .

is called the tableau where an element Ti

mation of the integral with i intervals.

REFERENCES:

(3)

represent the jth approxi-

1. Stark, Peter A., Introduction to Numerical Methods (The MacMillan

Company, 1970), pp. 212 - 219.
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INSTRUCTIONS:

1. Insert UTILITY ROUTINES cartridge with machine on.

2. Load the file.
a. Type 1df 14
b. Press EXECUTE

3. (Optional)
a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
b. Press EXECUTE

4. Press RUN

5. When "DEFINE FUNCTION" appears in the display:
a. Type gto "EVAL"
b. Press EXECUTE

6. Press STEP
7. Press STEP

8. Fetch the line where the function is to be stored.
a. Observe the number in the display and press FETCH followed
by that number.
b. Press EXECUTE

9. 'beep; beep; dsp "DEFINE FUNCTION"; stp' will be displayed:
If the function definition will fit on one line then:
a. Type the function to be evaluated into the display in the
form £(X) >~ Y (e.g. X12 + 3Xx + 5 > ¥).
b. Press STORE
c. Go to step 10.
Otherwise, if the function requires more than one line:
a. Type the first line of the function definition.
b. Press STORE
c. Type the next line of the function definition
d. Press INSERT (line INSERT not character INSERT}
e. Repeat steps ¢ and 4 until the complete function has been

entered.
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10.

11.

12,

13.

14.

15.

16.

Continue execution.

a. Type cont 2 (you must type the word "cont" character by .

character rather than pressing the CONTINUE key) .
b. Press EXECUTE

When "MAX NO OF ITER" is displayed:

a. Enter the maximum number of interval halvings that should
occur during initial computations of the integral using the
trapezoidal rule.

b. Press CONTINUE

When "LOW BOUND?" is displayed:
a. Enter the lower integration bound.

b. Press CONTINUE

When "UPPER BOUND?" is displayed:
a. Enter the upper integration bound.

b. Press CONTINUE

When "EPSILON" is displayed:
Either

a. Enter the error tolerance to determine when the computation of

successive approximations should stop.
b. Press CONTINUE

or

-6 .
Press CONTINUE which will assign a default value of 10 to epsilon.

When "PRINT TABLEAU?" is displayed:

Either

a. Enter 1 if you want to print the entire tableau by columns.
b. Press CONTINUE

or

Press CONTINUE , if you simply want the final integral printed.

The integral will be printed.
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"ROMBERG" SUBROUTINE

This subroutine will approximate £? f(x)dx for the user defined
function f£(x) which must be stored in the form £(X) > Y (e.g. Xt2 +
2X + 3 > ¥Y). Because the function is user defined, it may be algebraic
of the form a, + alxel + a2xez + ...+ anxen with a; real and e, rational
(e.g. x3 + 3x3/2 - &) or transcendental (e.g. sin(X) + cos(X)), but

should be continuous over the interval [a, bl.

The method used is Romberg Quadrature which combines trapezoidal
integration and extrapolation to obtain a result with more accuracy than
the same number of intervals using Simpson's method. The resultant Rom-

berg tableau may optionally be printed.

The stopping criterion for this method is either a maximum number
of interval halvings or successive computations of the interval differing

by less than some user supplied epsilon (error tolerance).

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "ROMBERG" to take advantage of
its capabilities. The results of the calculation and any other output
is designated under <QUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore
check the variables listed under <DESTROYED>. An example of a typical

program which uses this subroutine may be found on page 107 or in file 14.
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PARAMETERS AND VARIABLES USED:

<INPUT>

M

B
E
flg 3

£(x)2Y

<QUTPUT>

. . M, .
maximum number of iterations where 2 is the maximum
number of intervals. Thus there-vwill be at most M :compu-

tations of the integral using the trapezoidal rule.
lower integration bound

upper integration bound

error tolerance

should be set if tableau is to be printed

functional equation should be stored in "EVAL" subroutines

M, A, B, E unchanged

T[0]

flg 2

<DESTROYED>

b
approximation of.g f(x)dx

set if integration bounds were reversed

previous computed integral value used to check if error

tolerance is satisfied
temporary storage
loop counter

used to determine the number of intervals in initial com-
putation of trapezoid approximations (1<N<M), and as sub-

script for column entries in tableau
N .

2 -1, used for extrapolation

N .

2, the number of intervals

N-1 .
2 , used for extrapolation
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used for partial sums in computation of integral

domain argument for functional evaluation
functional value £ (X)
contains a single column of the tableau

used to eliminate error tolerance check on initial computa-

tion
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INSTRUCTIONS:

10.

Load your program into memory. The program should set up all neces-

sary parameters (A, B, M, E, flg 3) to be passed to the subroutine.
Insert UTILITY ROUTINES cartridge.

Type 1df 15, N where:
N = line number where first line of subroutine should be loaded

into memory.
Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<1l}.

b. Press EXECUTE

Find the line number where the function is to be stored.
a. Type gto "EVAL"
b. Press EXECUTE

Press STEP
Press STEP
Fetch the line where the function is to be stored.

a. Observe the number in the display and press FETCH followed
by that number.

b. Press EXECUTE

'beep; beep; dsp "DEFINE FUNCTION"; stp' will be displayed:

If the function definition will fit on one line then:

a. Type the function to be evaluated into the display in the form
£(X) > Y (e.g. Xt2 + 3Xx + 5 + Y).

b. Press STORE

c. Go to step 1l1.

Otherwise, if the function requires more than one line:

a. Type the first line of the function definition.

b. Press STORE

c. Type the next line of the function definition

d. Press INSERT (line INSERT not character INSERT)
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11.

12.

e. Repeat steps ¢ and 4 until the complete function has been

entered.

Contine execution

a. Type cont N + where N designates the location where pro-
gram execution should begin (do not press the CONTINUE key.
You must type "cont" character by character).

b. Press EXEUCTE

Your program is ready to run.
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ANNOTATED LISTING:

DRIVER - NUMERICAL INTEGRATION - ROMBERG

He: lodf 15:11s1 Load the subroutine

1% d=p "QOEFIME User must define his function in the sub-
FUMCTIOH 3=t R routine

2% otfa 13ispo 3
ernte "MRAA MO OF Maximum number of times interval is
ITER?"aMicspc 3 halved in computation of initial trazoidal
if §#1lal3icts integrals

Srato +@
2 enp "LOHER

BDU HO?"sHizrpc 3 Lower integration bound

i
l3ssto +8
4: enr "UFFER
BOUMD?"sBispc Upper integration bound
if flesi3icfs
1Zsato +03
a9t ene "EPSILOH"
sEvzspo 31F flal Error tolerance between successive computa-:
dictfae 13ile-g2E tions of the integral
£ =ta Srenm
"PRINT TRELEAU? Should tableau of integral approximations be
"sRErspo 231F printed out?
flallicfa 3
7% azbh "ROMBERG® Branch to subroutine
B 1Y tladiste Stop if the error flag is set
P sRC diRprt T —-
"i=apo 2
18: pry "IMTEGER Print the integral
L FROM™s8:"
TG "2Ba"
YIS TLIE]
spe 48 end
#1174
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ANNOTATED LISTING:
NUMERICAL INTEGRAIOMN - ROMBERG

g "EOMBERG " idim
TIasMlscia 2%
if AXBizfa 23
dep "BOUMDS Error check to see if integral bounds are in
FEYERSED": ret correct order
13 B4Zif+ssazh
"I:'-,-'HL_’ COMPUTE FIRST COLUMN OF TABLEAU
R R e B USING TRAPEZOIDAL RULE
gz TEWALY
AN ESESE = N
SiETIAl 8+ 2 -1
41 1F (H+L1=H) M3 T+ BEL e R g
-, o N "N-1 N-1 N
SRC Ziato +A I=1 2
S (Z{2tiH-114R) AT=2
Rl -14P
N T S R The trapezoidal approximations are computed
Te if (1+2%11%Fs for 2° up to 2 intervals
(LIB-RI<SRIg+
TEH=-311 1 -24T[HI:
#to -3
B ORFLEE-AISRIT S
Miash "EVAL' Branch to subroutine to compute functional
H: o S+Y¥eSiato -2 value (Y) of X
i 1=+
iy if fd+i=sdisH COMPUTE THE REMAINING COLUMNS USING
+1iret EXTRAPOLATION FORMULA
1z ~1#Hizfa &3 .
it flatiszh If flag 3 is set go to print routine
CPRINTY 51
L3i if (H+1sHIxHM , 4 Tr,3-1 T Tw,a-1
+i-Jigta -2 TN J= I-1
1d: TIMI=Fi(idti ' 4 -1
J“ll*CITLH+i}"
TIMNI - {G=-11+TI[H
Jiif flagicts
Eigto -1
198 i¥ oghsiF-
TIHI T <EaTIMI=TIL Check for error tolerance being satisfied
Bliret
led =tg -3
L3 TEWHL"
1% hespibeoen: Line 18 will contain the user defined
dzr "DEFIHE function
FUMCTION" =21 =
19 res
cE: "PRIMT":@+1
21l pry TILID Subroutine for optional printing of the
dop LI+isT0rH+ -intermediate results
1-.4
SEi ozpo iret
#4iviz
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Numerical Integration Of
Equally-Spaced Data Points
(Simpson’s One-Third Rule)

FILE 16 DRIVER

FILE 17 SUBROUTINE "SIMPEQ"
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Numerical Integration Of
Equally-Spaced Data Points
(Simpson’s One-Third Rule)

This program approximates é? f(x)dx where £(x) is represented
by discrete function values f(xi) at equally spaced points xi. The pro-
gram requests the necessary information, calls the subroutine "SIMPEQ"
in file 17 on page 115 and then prints the results computed by the sub-

routine,

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The maximum number of function values that can be entered with this
subroutine will depend on the size of the calling program. The fol-
lowing limitations assume that the calling program in file 15 is

used. If N is the number of function values, then:

N < 744 on the 6,844 byte machine
N < 1768 on the 15,036 byte machine
N < 2792 on the 23,228 byte machine
N < 3816 on the 31,420 byte machine
2, "MORE POINTS" indicates that less than three points were entered.
3. "ODD NO. OF PTS" indicates that you need an odd number of functional
values.
FORMULAE :

Q? f(x)dx = ~%—-{f(a) + 4f(a+h) + 2f(a+2h) + 4f(a+3h) + ...

+ 4f(a+(n-1)h) + f£(a+nh)}

where: n number of intervals (number of data points minus one)

b ~-a
n

REFERENCES :
1. Beckett, Royce and Hunt, James Numerical Calculations and Algorithms

(New York: MSGraw-Hill, 1967), pp. 166 - 169.
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INSTRUCTIONS:

1. Insert UTILITY ROUTINES cartridge with machine turned on.

2. Load the file.
a. Type 1df 16
b. Press EXECUTE

3. (Optional)
a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
b. Press EXECUTE

4, Press RUN

5. When "INCREMENT?" is displayed:
a. Enter the increment between successive functional values.

b. Press CONTINUE

6. When "NO. OF POINTS?" is displayed:
a. Enter the number of data points to be entered.
NOTE: This number must be odd.

b. Press CONTINUE

7. "FUNCTION VALUES" will be displayed briefly.
8. "F[I]" will be displayed where "I" should indicate the Ith functional
value.

a. Enter the functional wvalue of the Ith data point.
b. Press CONTINUE

c. Repeat step 8 until all function values have been entered.

9. When "CHANGES?" is displayed:
Either
a. Press CONTINUE if no changes are desired.
b. Go to step 12
or
a. Enter 1 if yoﬁ desire to correct one or more functional values.

b. Press CONTINUE

10. When "DATA PT. NO?" is displayed:

a. Enter the number of the data point.-
b. Press CONTINUE
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11.

12,

When "F[I]?" is displayed:

a. Enter the corrected functional walue for the Ith

b. Press CONTINUE

c. Go to step 9.

‘The integral will be printed.
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"SIMPEQ" SUBROUTINE

This subroutine approximates éf f(x)dx where discrete values of
f(x) are known at equally spaced base points over the interval [a, b].

Simpson's one-third rule is used to approximate the integral.

The user must supply the increment between intervals, the number
of data points, which must be odd, and the functional value at each of
. . . . . . 4
the data points. Since the truncation error using this method is o(h’),

the approximate size of the error can be estimated from the interval size.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "SIMPEQ" to take advantage of
its capabilities. The results of the calculation and any other output
is designated under <QUTPUT>. The user should be aware that the sub-
routine may alter variables that he is using in his program and should

therefore check the variables listed under <DESTROYED>.

An example of a typical program which uses this subroutine may be

found on page 118 or in file 16.

PARAMETERS AND VARIABLES USED:

<INPUT>
N the number of data points (must be odd).
D the increment, AX, between equally spaced data points.
F[N] should contain the N discrete functional values in increasing

order of domain value.
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<OUTPUT>

N, D, F[N] unchanged

S integral £? f(x) dx
flg 2 set if less than three function points
flg 3 set if number of points is even
<DESTROYED>
I loop counter used as subscript for functional values
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INSTRUCTIONS:

1.

Load

sary

your program into memory. The program should set up all neces-

parameters (N, D, F[ ]) to be passed to the subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
Press EXECUTE

the file.
Type 1df 17, N, M where:
N = line number where the first line of the subroutine should

be loaded into memory.

M = line number where execution is to begin after subroutine

is loaded.

Press EXECUTE
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ANNOTATED LISTING:

DRIVER - NUMERICAL INTEGRATION ~ EQUALLY SPACED POINTS -
SIMBSON

s cfae 1331ldf Load the subroutine after your program .
1741151 ‘
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_dmp {I+1%1
5% spc iene "CHA

HGE"“"HI!;Pi :
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ANNOTATED LISTING:

SUBROUTINE - NUMERICAL INTEGRAICN OF EQUALLY SPACED POINTS -
SIMPSON

g "SIMPEQ":ctsa
Zrdiif Me3isfa
2idz=p "HMORE Check if not enough points
POIHTSE" s ret
L: if int (Ns21=H Check if number of points is odd
SEsdzs 00D
MO. GF PTS™:
sfa Hiret
2 FLLI+4FL[2]+ Functional values of first two points and
FIMN]=+5 last point initially stored in S
RIS N |
41 if (I+22T13H- Add successive pairs of functional values
1soD 2+3vret with a multiplier of 2 or 4
o1 SH+2FLIT+4F LI+
l1i+Sigto -1
¥o26d :
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Numerical Integration Of
Discrete, Unequally-Spaced
Data Points

FILE 18 DRIVER

FILE 19 SUBROUTINE "INT"
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@] HEWLETT- PACKARD

(@3] HEWLETT- PACKARD

@] HEWLETT- PACKARD

(@] HEWLETT- PACKARD

NI

Numerical Integration Of
=] Discrete, Unequally-Spaced
= Data Points

This program approximates é? f(x) dx where f£(x) is represented by
discrete functional values for unegually spaced domain values X over the
interval [a, bl. The program requests all necessary information, calls
the subroutine "INT" in file 19 on page 127 and prints the results computed
by the subroutine. The user must input the data points (xiyi), i=1,n
with the restriction that the xi are discrete and xi<x. for i = 1, n-1.

i+l

SPECIAL CONSIDERATIONS:

The maximum number of data points that cah be entered with this
subroutine will depend on the size of the calling program. The following

limitations assume that the calling program in file 18 is used.

If N is the number of data points (xiyi), then N < 141 on the 6844
byte machine, N < 1165 on the 15,036 byte machine, N < 2189 on the 23,228
byte machine and N < 3213 on the 31,420 byte machine.

FORMULA : .
Lt 860 ax = zgl{_:'é_(xi+l_xi) (345420 Ei'_(xiﬂ)B (7 (x;) +
g" (xi+l) 1}
REFERENCES :

1. Ralston and Wilf, Mathematical Methods for Digital Computers, Vol. II

New York: John Wiley and Sons, 1967) pp. 156 - 158.
2. Greville, T.N.E., Editor, "Proceedings of An Advanced Seminar Con-
ducted by the Mathematics Research Center", U.S. Army, University of

Wisconsin, Madison. October 7 - 9, 1968. ‘I_'heory and Application 9£

Spline Functions(New York, London: Academic Press, 1969), pp. 156-
167.

123



INSTRUCTIONS:

Insert UTILITY ROUTINES cartridge with machine turned on.

Load the file.
a. Type 1d4f 18
b. Press EXECUTE

(Opticnal)

a. Type fxd N or flt N° where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Press RUN

When "NO. OF DATA PTS?" is displayed:
a. Enter the number of data points'in the data set.
b. Press CONTINUE

When "X[I]" is displayed, "I" is the number of the next data point
to be entered.

. th ;
a. Enter the domain value of the I data point.

b. Press CONTINUE

When "Y[I]" is displayed:

t
a. Enter the functional value of the I A data point.
b. Press CONTINUE

c. If you have not entered all the data, go to step 6.

When "CHANGES?" is displayed:

Either '

a. Press CONTINUE if you do not need to make any changes to the
entered data.

b. Go to step 12.

or

a. Enter 1 if you need to make changes.

Press CONTINUE

When "DATA PT NO.?" is displayed:

a. Enter the number of the data point that is to be changed.

b. Press CONTINUE
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10.

11.

12.

13.

When "X[I]" is displayed:
. th .
a. Enter the new domain value for the I data point

b. Press CONTINUE

When "Y[I]" is displayed:

a. Enter the new functional value for the Ith data point.
b. Press CONTINUE

c. Go to step 8.

When "EPSILON?" is displayed:

Either

Press CONTINUE and default value of 10-6 will be assigned to

epsilon.

or

a. Enter the error tolerance desired for the iterative solution of
the second derivatives.

b. Press CONTINUE

The integral will be printed.
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HO. OF DATA PTZY?
EXAMPLE :
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"INT" SUBROUTINE

. . b .
This subroutine approximates £a f(x)dx where f(x) is represented
by discrete functional values for unequally spaced domain values x over

the interval [a, b].

The method implemented involves fitting a curve through the data
points and integrating that curve. The curve used is the cubic natural
spline function which derives its name from a draftsman's mechanical
spline. If the spline is considered as a function represented by s(x),
the second derivative s"(x) approximates the curvature. For the curve
through data points (xl,yl), (x2,y2), ey (xn,yn) we want {:F (s"(x))zdx

to be minimized in order to achieve the "smoothest" curve.

The spline function with minimum curvature has cubic polynomials
between adjacent data points. Adjacent polynomials are joined continuously

with continuous first and second derivatives as well as s"(xl) = s"(xn) = 0.

The procedure to determine s(x) involves the iterative solution of
a set of simultaneous linear equations by the method of successive over-
relaxation. The accuracy to which these equations are solved is specified

by the user. For a detailed discussion of the algorithm, see Reference 2.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "INT" to take advantage of its
capabilities. The results of the calculation and any other output is
designated under <OUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore

check the variables listed under <DESTROYED>.
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The data points (xi, yi), i = 1,n should be entered in increasing

order of the xi, where the xi are discrete and xi<xi for i = 1, n-1.

+1
An example of a typical program which uses this subroutine may be found .

on page 131 or in file 18.

PARAMETERS AND VARIABLES USED:

<INPUT>

N number of data points

X[N] domain values of data points

Y [N] range values of data points

E error tolerance for solution of simultaneous equations.
<QUTPUT>

N, XI[N], Y[N], E unchanged

A integral
<DESTROYED>
. =X, H =3 i . =X,
H temporary storage for X017 %57 abs(T) ; X 17%
I loop counter used as subscript for vectors
Yisl T ¥y Y3 T Y50
- - X
T TS T T B 1
H
u (4} current maximum value of ITI used to test for error
tolerance.
W g - 4 vf} relaxation factor for iterative solution.
X t rar e . — X,
emporary storage for X i-1
X, - X
. 1 i -1
B[i] =)
i+l i-1
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GI[il] 3T

S[i] 2T or S"(xi) vector of second derivatives
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INSTRUCTIONS:

1. Load your program into memory. Your program should set up all
necessary parameters (N, X[N], Y[N]l, E) to be passed to the sub-

routine.
2. Insert UTILITY ROUTINES cartridge.

3. (Optional)
a. Type fxd N or flt N where N is the number of:digits
printed to the right of the decimal point (02SN<11).
b. Press EXECUTE

4. Load the file.
a. Type 1df 19, N, M where:
N = line number where the first line of the subroutine should

be loaded into memory.

M = line number where execution is to begin after subroutine is

loaded.

b. Press EXECUTE
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ANNOTATED LISTING:

DRIVER -~ NUMERICAL INTEGRATION OF UNEQUALLY SPACED POINTS

Load the subroutine after the program

f ]
.

+
ey TR 0 we T
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Lt
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Enter the number of points to be computed
and dimension data arrays
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|
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Enter the (X, ¥Y) coordinates into the X
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oy ok

=

0

LI
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walot cme

Make any necessary corrections to the
data points :

[
D x| Y1)
7
=+ [T
— 7T
TR
DO
.

=

| =
o [T T

-t

i
=

Enter error tolerance

T

e [ SS

THT™

Branch to subroutine

o |- -

anf au{im
Y Y]

i
o
™1

=

Siprt

IHTEGRAL FROMT

Print integral
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ANNOTATED LISTING:

NUMBER INTEGRATION OF UNEQUALLY SPACED - POINTS

B: "IHT":dim
BLRtH-11sGI2iN-
L1 +5THI 1+1

It if (I4+1+I)1sH-
liato +3

21 L S(K[I1-HLI- X.-X. % S N
11481/ (HLI+17- Ligl by 2w x, o Bl
W II-11%H)1+ET1] 1+l “i-1 itl i-1
Tt FllITLI+11- Y. Y. Y.-Y.

YII1) /(M II+1]- iti &4 i-1 27+ S[]
WLI11-0%Y[11- 7% XXy s

P LI~1101% PH+T] m 3T > Gl
S [1133T+G01T

gtno =2

41 BA+S[11+5SIHTA W is relaxation factor
B-dr 3l

5 E%Eh 21 U is largest correction factor

c1+11+uL ]HﬁT'

Compute new correction factor T

? 1 f fabks{TI+H) Larger correction factor stored in U
=Y HL
S: f [I3+T+5[13 Add correction factor to S[] = 2 derivative
G if IT#HH-LyI+ approximation
1+1lsgtn —é
T iy lr=Esatn If correction factor is larger than error
-3 tolerance, recompute
11: &=2I+H INTEGRAL COMPUTED
I i¢¥ [I+1=+T11xH
-liret n-1 1 1
138 RA+0.5(R01+ z {—2—-H(Y Y )-—H (S[I]+S[I+1]) }-a

LI-#LTT+H (Y LI
+YLI+111~101~
24IHTZI50IT+
SII+11}1+Ry3to0
-1

i=1 24

where S“(Xi) = S(I)

*Z7 00
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Numerical Interpolation,
Differentiation & Integration Of
Discrete, Unequally-Spaced Data

FILE 20 DRIVER

FILE 21 SUBROUTINE "DERINT"
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Numerical Interpolation,
Differentiation & Integration Of
Discrete, Unequally-Spaced Data

(]
o
<
x
U 1] ] . .
& This program computes a third-degree polynomial which passes through
— n data points (Xi, yi) , 1 =1,n supplied by the user. From this curve
’_
5 s(x) the user can obtain the integral over the interval (xl, xn) and
E the derivative or functional value at any point on the interval. The pro-
; gram requests all necessary information and prints out the results after
=
= calling the subroutine "DERINT" in file 21 on page 141. The only re-
striction on the data is that the xi must be discrete and xi<xi+l for i=1,
()
o n-1.
<
X
O
E SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:
—
I,_
. 5 1. The maximum number of data points and output arguments that can be
E accepted by the subroutine depends on the size of the calling program.
I
= The following limitations assume that the calling program in file 20
=
= is used.
g If N is the number of data points and M is the number of output argu-
§ ments then:
O
- 4N + 2M + maximum (N,M) < 609 on the 6844 byte machine
:‘_‘_ 4N + 2M + maximum (N,M) < 1634 on the 15,036 byte machine
ﬁ 4N + 2M + maximum (N,M) < 2658 on the 23,228 byte machine
5 4N + 2M + maximum (N,M) < 3682 on the 31,420 byte machine
I
i
= 2. "ARG OUT OF BOUND" indicates that a derivative or functional value

was requested for a point outside the data interval.

(]

1

<

>; FORMULAE :

3]

< .

= Lt soax = (2 ) (v, + L 3 fenx,) +
.,_l—_ xi o osbodx s A== Gy 7 X)) Uy Y yg) T3 By moxg) I8Ny

L

le

S s"( i+l)]}

Lul

I

2
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Y. -y

_ _ i+l i _ _ I S
s(bg) =y, + (b = %) (05 (e - %) (6 - 0) ISk,

i+l i 'lli
+ s“(xi+l) + S"(tj)]

] Yi+l - Yi l n
s (tj) = e + = [(tj - x) o+ (tj =%, )0 (s (x.) +
1 1 g" (xl+l) - s" (xl)
ST(E)) + ey - x) (e - X ) — )
i+l i

REFERENCES :

1. Ralston and Wilf, Mathematical Methods for Digital Computers, Vol. II

(New York: John Wiley and Sons, 1967) pp. 156 - 158.

2. Greville, T.N.E., Editor, "Proceedings of An Advanced Seminar Con-
ducted by the Mathematics Research Center", U.S. Army, University of

Wisconsin, Madison. October 7 - 9, 1968. Theory and Applications

of Spline Functions (New York, London: Academic Press, 1969), pp.
156 - 167.
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INSTRUCTIONS:

1. Insert UTILITY ROUTINES cartridge with machine turned on.

2. Load the file.
a. Type 1df 20
b. Press EXECUTE

3. (Optional)
a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<1l).
b. Press EXECUTE

4, Press RUN

5. When "NO. OF DATA PTS?" is displayed:
a. Enter the number of data points in the data set.
b. Press CONTINUE

6. When "X[I]" is displayed, "I" is the number of the data point to be
entered.
, th ,
a. Enter the domain value of the I data point.

b. Press CONTINUE

7. When "Y[I]" is displayed:
a. Enter the functional value of the Ith data point.
b. Press CONTINUE
c. If you have not entered all the data, go to step 6.

8. When "CHANGES?" is displayed:
Either
a. Press CONTINUE if you do not need to make any changes to the
entered data.
b. Go to step 12.
or
a. Enter 1 if you need to make changes.

b. Press CONTINUE

9. When "DATA PT NO?" is displayed:
a. Enter the number of the data point that is to be changed.
b. Press CONTINUE
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10.

11.

12.

13.

14,

15.

l6.

17.

When "X[I]" is displayed:

a. Enter the new domain value for the Ith data point.

b. Press CONTINUE

When "Y[I]" is displayed:

a. Enter the new functional value for the Ith data point.

b. Press CONTINUE

c. Go to step 8.

When "NO. OUTPUT ARGS?" is displayed:

a. Enter the number of arguments for which you want the derivative
or functional value computed.

b. Press CONTINUE

When "T[J]" is displayed, "J" is the number of the next output argu-

ment.

a. Enter the next output argument that you want to be evaluated.

b. Press CONTINUE

c. If you have not entered all the desired output arguments, repeat
step 13.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE if you do not need to make any changes in the
output arguments.

b. Go to step 17.

or

a. Enter 1 if you need to make changes.

b. Press CONTINUE

When "OUTPUT ARG NO?" is displayed: _

a. Enter the number of the output argument to be changed.

b. Press CONTINUE

When "T[J]" is displayed, "J" is the number of the output argument

to be changed.

a.
b.

C.

When

Enter the corrected value of the output argument.
Press CONTINUE

Go to step 8.

"EPSILON?" is displayed:
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Either

Press CONTINUE , if you want the default value of 10-6 assigned

to the error tolerance.

or

a. Enter the error tolerance to which the simultaneous equations
will be solved.

b. Press CONTINUE

The functional values and derivatives of all output arguments should

be printed as well as the integral over the interval (xl, xn).
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"DERINT" SUBROUTINE

This subroutine computes a curve s(x) that passes through the n data
points (xi, yi) supplied by the user and computes certain information at
any point tj on the curve as long as tj is in the interval [xl, xn]. The
information that can be computed is the integral over the interval and

the derivative or functional value at any point on the interval.

The method implemented fits a curve through the points and integrates,
differentiates and interpolates that curve. The curve used is the cubic
natural spline which derives its name from a draftsman's mechanical spline.
If the spline is considered as a function represented by s(x), then the

second derivative s"(x) approximates the curvature. For the curve through

data points (x

X 2
17 Yl); (xzr Y2), en (xn, yn) we want g{n (s"(x))" ax

1
to be minimized in order to achieve the "smoothest" curve.

The spline function with minimum curvature has cubic polynomials
between adjacent data points. Adjacent polynomials are joined continuously

with continuous first and second derivatives as well as s"(xl) = s"(xn) =

The procedure to determine s(x) involves the iterative solution of a
set of simultaneous linear equations by the method of successive over-
relaxation. The accuracy to which these equations are solved is specified

by the user. For a detailed discussion of the algorithm, see Reference 2.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "DERINT" to take advantage
of its capabilities. The results of thé calculation and any other output

is designated under <OUTPUT>. The user should be aware that the subroutine
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may alter variables that he is using in his program and should therefore

check the variables listed under <DESTROYED>,

The data points (xi, yi), i = 1,n should be entered in increasing

order of the X, where the x, are discrete and x.<x. for i = 1,n-1.
i

i+l
The output arguments tj' j = 1,m may be entered in any order.

4
The error factor of the solutions is approximately equal to h for
. 3 . 2 _ . .
the integral, h for the functional values and h for the derivative,

where h is the average interval size.

An example of a typical program which uses this subroutine may be

found on page 145 or in file 20.

PARAMETERS AND VARIABLES USED:

<INPUT>
N number of data points
X [N] domain values of data points
Y [N] range values of data points
M number of output arguments desired
T[M] domain values of output arguments
E error tolerance in iterative solution of simultaneous equa-
tions.
<QUTPUT>

N, X[N], Y[N], M, T[M], E unchanged

An
A integral J = s(x) dx
X
1
B[M] function values for output arguments in T[M]
D [M] derivative values for output arguments in T[M]
flg 3 if set, indicates an output argument out of bounds.
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<DESTROYED>

B[i]

G[i]

S[il

t - T -
emporary storage for xi+l xi—l' abs (T) , xi+1 xi, or
t. - x,

i
loop counter
loop counter
s"(t,) + 3(t, - x)T

J J 1
Yinn Y5 Yy T Y5
¥ie1 T % 1T %A
H Pt T Kia

(W) current maximum value of |T| used to test error toler-

ance; —5-(5“(x,) + s"(x. )) + s"(x.) + 3T (t. -x.)
i i+l i 3 i

6
y. - Y.
+
7 8—4#5, relaxation factor for iterative solution; itl — xl
i+l i
temporary storage for X, = X, _gi (tj - xi) (tj - xi+l)
1/6
T %
172 [ 1; function values s(t.)
X X, J
i+l i-1
3T

2T or s"(tj) vector of second derivatives.
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INSTRUCTIONS:

Load

your program into memory. The program should set up all

necessary parameters (N, X[N], Y[N], E, M, T[M]) to be passed to

the subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
Press EXECUTE

the file.

Type 1df 21, N, M where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after subroutine is

loaded.

Press EXECUTE
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ANNOTATED LISTING:

NUMERTCAL INTERPOLATION, DIFFERENTIATION, AND INTEGRATION
OF UNEQUALLY SPACED PQINTS

L] - L] _ g

Bf LLE 135 1df Load subroutine after the program
21!-:..&“1

1 enr "HO OF
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icfa 13i9to +@
ll'-: 1+I51F M#@3 Enter the X values for which the infor-
i T'[ﬁ] mation is to be computed

—

Lo}

i

bt

“
el

o+

m

+
[l 1]
U L
il

.

-

-
O
—
-,
et
i
-
L
aw

— 11

o

EO e

™
[11]
3
k]

i
i =
e,

—t m
4= ol
L i
[y
C 1]

Make any necessary corrections to the
output arguments

L
m
T

[

i R T L U
L
L
o
—
pa
o
e

e e s LI T B
—
L
o
-
-
am
e
-t

e T 1 I
[

+ L0
T e

145



ANNOTATED LISTING:

19 cfs 13iene
TLIlsato +851¢f
ot flalidtspc §
ato -2
16 enp "EPSILOH
YA ETIF F1lal3s Enter error tolerance
le-g=+E
17! 3szk "DERINT® Branch to subroutine
l&: 1f fladiste Stop if error flag is set
197 =po Z2iprt
'I4IEERHL FROM"
sillls Print integral, derivatives, and funtional
TO" s B I[HIa " s values
"IS":HEl*JiSDG
2 T[J] = value of domain arguments
28: prt "E=". B[J] = functional values
TLAIs"S[x1="y D[J] = derivatives
BLJI "5 [H]1="
DLJlszrc 3dmp
P d+i+d1H
21li zpc 4iend
#1947
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ANNOTATED LISTING:

NUMERTICAL INTERPOLATION, DIFFERENTIATION, AND INTEGRATION

Qe "OERIMT"icfa

OF UNEQUALLY SPACED PQINTS

Dimension functional value array to the

I5if MrMidim
é[;};agtij!f%“ larger of M and N

1t dim BINI

20 dim STHI«GIH-
1131=+]

35 1f [(I+1=+T7T7H-
liawg +3 _ Xi Xi-—l_*X 1 (X, —xl_l)

47 B8 lIl-HII- s.q"X, 7H . — * B[I]
l] ARl (R [Te1] i+l Ti-1 2 (X, 7%, )

A LT-11 -fH‘"* [I1]

f:: SRR _I-l-j_} -

VET11A(HI1%1] - i YT 2T + S[I]
; f%_}_;] f'{f];_ﬂ“ Xie17 % _ X% r 3T > GII
*S LI F3T+GLI15

Fto —F

S ,{'1} o LHTS W is relaxation factor
sS4l

=R HEEE

2y HWI-S[I1-BLITS U is largest correction factor
[I-11-1{.5-B[I1) Compute new correction factor T
S EI+1T+G0IT =T

i1t iapstiT1+H]

F3 H-I"E_f Larger correction factor-stored._in U

1@: STI1+T725T711

11: 1+ THH-1: 1+ Add correction factor to S[I] = 2nd derivative
l*la%tﬂ -3

120 i¥ Ur=Eiaztn If correction factor is larger than error
-5 tolerance, recompute

12¢ A=l

1ds if [(I+1+I11xH s"(X,,,)=-s"(X.)

5 . .— . i+l i
-lsato +¢ Compute s"" (i)= -

158 {5[I+11-35111 i+l i
PEialI+11-41I11) where s"!' (1)~G[I] and s" (i)=S[I]
*GELIlisto -1

16t i M=diatao +
13 If no output arguments skip this section

Ly: d+tycdis DLM]

1 ¢ [J+1+d1>H
s3to +11 Check that argument T[J] is in bounds

1% 1+1:i¢ (TILJ] X[0] < T[J] € X[N]
*Tis=klllizto +
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ANNOTATED LISTING:

EE zfa Jidse
"REG OUT OF
BOUHD" ¥ ret

Sl if (I41=211H

sato -1 Compute I such that X[I] < T[J] < X[I+1]
223 if Tesu[Id:
ato =1
238 I-1=1
24: TIL. l] & LI1+Hs Temporary variables used in computing
TLII=ALI+11=+Ts functional and derivative values
HT =+ &
£5: SLII+HGLIT=S
26 1A+ 211501]
FELI41T1+81 U
27 i [T +1]1- B[J] is the approximation to the functional
N I BT A N I T value at TI[J]
KRN l‘*H]H'l‘ TLTT+
SR L1]
e WETH+T
ZAGLIT+DLDJ]s D[J] is the approximation to the derivative
ato ~18 at T[J]
Z5T BF LA
R if (I+1l+1¥xH
-liret A is the approximation to the integral
31 H+D SIS LI+
11-HLI1+HY (YD1
+ [I+1}1~01~r
S ITHTZISTIT+
SLI+1101+Ai=2t0
-1
#15904
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Numerical Differentiation Of
Discrete, Unequally-Spaced
Data Points

FILE 22 DRIVER

FILE 23 SUBROUTINE "DER"
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@) HEWLETT- PACKARD (@] HEWLETT- PACKARD [@) HEWLETT- PACKARD

(@] HEWLETT- PACKARD

Numerical Differentiation Of

Discrete, Unequally-Spaced
Data Points

This program computes the derivative at any point x over an interval
of discrete data points (xi, yi), i = 1,n. The user supplies the data
points with the restriction that the xi must be discrete and xi< xi+1

for i = 1,n-1. The program itself requests all necessary information and
prints out the results after calling the subroutine "DER" in file 23 on

page 157,
SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The maximum number of data points and output arguments that can be
entered into this subroutine-will depend on the size of the calling
program. The following limitations assume that the calling program

in file 22 is used.

If N is the number of data points and M is the number of derivatives

then:
4N + 2M + maximum (N,M) < 631 on the 6,844 byte machine
4N + 2M + maximum (N,M) < 1655 on the 15,036 byte machine
4N + 2M + maximum (N,M) < 2679 on the 23,228 byte machine
4N + 2M + maximum (N,M) < 3703 on the 31,420 byte machine
FORMULAE :
Y. - Y.
+ n
s'(t,) = oy (e, - x) 4 (e, - x )] ST(x) +
J vl % 3t
W(x, . )+ s"(E)) +—— (£, - x,) (t - X,..)
ST ¥4 sy 6 i i+l
s (xi+1) - 5 (xi)
S TS ]
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INSTRUCTIONS:

1. Insert UTILITY ROUTINES cartridge with machine turned on.

2. Load the file.
a. Type ldf 22
b. Press EXECUTE

3. (Optional)
a. Type fxd N or fit N where N is the number of digits
printed to the right of the decimal point (0<N<11).
b. Press EXECUTE

4. Press RUN

5. When "NO. OF DATA PTS?" is displayed:
a. Enter the number of data points in the data set.

b. Press CONTINUE

6. When "X[I]" is displayed, "I" is the number of the data point to be
entered.
. th .
a. Enter the domain value of the I data point.

b. Press CONTINUE

7. When "Y[I]" is displayed:
t .
a. Enter the functional value of the I h data point.
b. Press CONTINUE

c. If you have not entered all the data, go to step 6.

8. When "CHANGES?" is displayed:
Either
a. Press CONTINUE if you do not need to make any changes to the
entered data.
b. Go to step 12.
or
a. Enter 1 if you need to make changes.

b. Press CONTINUE

9. When "DATA PT NO.?" is displayed:
a. Enter the number of the data point that is to be changed.
b. Press CONTINUE
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lo.

11.

12.

13.

14.

15.

le.

When "X[I]" is displayed:
th
a. Enter the new domain value for the I data point.

b. Press CONTINUE

When "Y[I]" is displayed:

. th .
a. Enter the new functional wvalue for the I data point.
b. Press CONTINUE

c. Go to step 8.

When "NO. OF DERIVS?" is displayed:
a. Enter the number of arguments for which you want the derivative
computed.

b. Press CONTINUE

When "T[J]" is displayed, "J" is the number of the next output argu-
ment.

a. Enter the next output argument that you want to be differentiated.
b. Press CONTINUE

c. If you have not entered all the desired output arguments, repeat

step 13.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE if you do not need to make any changes to the
output arguments.

b. Go to step 17.

or

a. Enter 1 if you need to make changes.

Press CONTINUE

When "OUTPUT ARG NO?" is displayed:
a. Enter the number of the output argument to be changed.
b. Press CONTINUE

When "T[J]" is displayed, "J" is the number of the output argument to
be changed.

a. Enter the correct value of the output argument.

b. Press CONTINUE '

C. Go to step 14.
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17.

18.

When "EPSILON?" is displayed:
Either

Press CONTINUE , if you want the default value of 10_6 assigned to

the error tolerance.

or

a. Enter the error tolerance to be used in the iterative solution
of the simultaneous equations.

b. Press CONTINUE

The derivatives of all output arguments will be printed.
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"DER" SUBROUTINE

This subroutine computes the derivative of points on a curve s(x)
which passes through n discrete, unequally spaced data points supplied by

the user.

The method implemented fits a curve through the n data points and
then differentiates the function which describes that curve. The curve
used is the cubic natural spline which derives its name from a draftsman's
mechanical spline. If the spline is considered as a function represented
by s(x), then the second derivative s"(X) approximates the curvature. For
the curve passing through data points (xl. yl}, (x_, y2), oo g (Xn: Yn)

..,.2
5 :
we want E?n (s"(x))” dx to be minimized in order to achieve the
1

"smoothest" curve.

The spline function with minimum curvature has cubic polynomials
between adjacent data points. Adjacent polynomials are joined continuocusly

with continuous first and second derivatives as well as s"(xl) = S"(xﬁ) = 0.

The procedure to determine s(x) involves the iterative solution of
a set of simultaneous linear equations by the method of successive over-
relaxation. The accuracy to which these equations are solved is specified

by the user. For a detailed discussion of the algorithm, see Reference 2.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "DER" to take advantage of its
capabilities. The results of the calculation and any other output is

designated under <QUTPUT>. The user should be aware that the subroutine
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may alter variables that he is using in his program and should therefore

check the variables listed under <DESTROYED>.

The data points (xi,yi), i = 1,n should be entered in increasing

order of the xi, where the xi are discrete and xi<xi for i = 1,n~1.

+1
The arguments to be differentiated may be entered in any order but should

be in the interval [xl, xn].

The user should recognize that numerical differentiation is an
inherently unstable process and should be circumspect when using the
results. An example of a typical program which uses this subroutine may

be found on page 161 or in file 22.

PARAMETERS AND VARIABLES USED:

<INPUT>
N number of data points
X [N] domain values of data points
Y [N] range values of data points
M number of output arguments desired
T [M] domain values of derivative arguments
E error tolerance in iterative solution of simultaneous equa-
tions
<OUTPUT>

N, X[N], Y[N], M, T(M], E unchanged

D [M] derivative values for output arguments in T[M]
flg 3 if set, indicates an output argument out of bounds
<DESTROYED>
- T X -x,, t.-x,
H tgmporary storage for Xi+l xi—l' abs(T), i+l it .
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U

Blil

G[il]

S[i]

loop counter

loop counter

"(ty) + 3(t,-x)T
=Y joi
Yivd " Y3 Yy T Y5
i1 T % ¥ TR
;t.—x_ ; ot
H J i+l 3

(W) current maximum value of ITI used to test error toler-

ance; —%j— (s“(xi) + s“(xi+l)) + s"(xi) + 3T (tj - xi)

Yipp 7Y
i1~ *3

8~4«/§, relaxation factor for iterative solution;

temporary storage for X, = X, . (tj - xi) (tj - X, )

i-1' i+l
1/6
1 i T % :
2 X 7%,
3T

2T or s"(tj) vector of second derivatives
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INSTRUCTIONS :

Load

your program into memory. Your program should set up all

necessary parameters (N, X[N], Y[N], E, M, T[M]) to be passed to the

subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0£N<11).
Press EXECUTE

the file.
Type 14f 23, N, M where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after subroutine is

loaded.

Press EXECUTE
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ANNOTATED LISTING:

NUMERICAL DIFFERENTIATION OF UNEQUALLY SPACED POINTS
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Load the subroutine after the program
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ANNOTATED LISTING:

1t enp "EFSTILOH

PryERLf fFlal3s

{e-G+F Enter error tolerance
178 azsk "DERT Branch to subroutine
1o 44 flaZiicsip Stop if error flag is set
1% zpoc 2iprt -

~OERIVATIVES -~

"izpc 813
DA Rrt MH=", Print derivatives
TLHI s "5 [H]l="s

Oldlszrmc 3dmm

fd+1l=d1 M
2l =pc diend
#1944
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ANNOTATED LISTING:

NUMERICAL DIFFERENTIATION OF UNEQUALLY SPACED POINTS

Blr "HOER"scfa 3s
if MrMidim BEIM] Dimension arrays used to compute derivative
R R A T

1% dim BLHZ

2 odiwm SIHI=GIM-
13311

EE §f (I+1+I1xH- - +% -
ligta +3 Xl Xi_l L X Xl"l) + B[I]

41 LS(ALIT-8LI- x. -x. ~u 2 X 7% )

T+uM1 /T8 LI+13 - i+l “i-1

AlI-11+H1+BLI]

S ZUCiYLI+1d~ -y Y. =Y,
YLID 1w (W II+1T - itl S 2T + S[I]
ALIT -0y IId~ i1 % X=X,
YLI~1117%1-H+T) H 7T 31 e rrd
#E LI 3T+ 010
sto -2

g8 B+S[17+5I0HI W is relaxation factor
S-d4rasl

Ti Bl el

B HIi-S[Ii-BLIZE U is largest correction factor
[I-13-0.5-BLI]} Compute new correction factor T
SLT+L3+GETT 15T

95 if fabs{TiaHi Larger correction factor stored in U

P HSU

ll-_'l: SLIT+T=+50T] nd

11: if T#H-131+ Add correction factor to S[I] = 2  -derivative
L+*ligto -3
2t 1f U:r=Esato If correction factor is larger than error
-5 tolerance, recompute
S @I

14-.11‘_111'1"-*1.!.-'?4 . S [I+1]-S[I]
~ligato +2 Compute S"' (i) =

1% (S5CI+11-%5E11 X[I+1]1-X[I]
Jolsmli+ll-a0I10 where S"' (i)=G[I] and S" (i)=S[I+1]
*HLIdsgsa —1

s @=dsdim DLF]

I7de i [J+1+J)xHM
reEt

1g: 1=+Ivid (TLA] Store T[J] in simple variable T
T 1r=x201]89to +

12¢ =fa 3idzse ‘
"AREG OUT OF Check if argument T[J] is out of bounds
EQUHD"S ret X[0]<T[J1<X [N]

2@ 1f [I+1+11xH
iato ~-1 Compute I such that

21s if Trallls X[IILT[J1<X[I+1]
=Ry ""l

22 I-1=+1

23 TLJI-HL13=+Hs
TLAl = [I+1T=+Ts H, T, X are temporary variables for inter-
HT & mediate results
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ANNOTATED LISTING:

+11+51+U Derivatives computed and stored in D[J]
YIT+11-%111

1A LT+1T-K010 )

14
271 W CH+TI U+

guiGlIT+0L0d]s

to ~18

#1E527

24y SLIT+HGLIIAE

298 [lroe320051011] .
+5 01 '
R
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® Fourier Series Coefficients For
Equally-Spaced Data Points

' FILE 24 DRIVER

FILE 25 SUBROUTINE "FOURE"
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[@] HEWLETT- PACKARD (@] HEWLETT- PACKARD (@] HEWLETT- PACKARD

(@] HEWLETT- PACKARD

Fourier Series Coefficients For

Equally-Spaced Data Points

This program calculates the Fourier Series Coefficients a; and bi

of the Fourier Series corresponding to a function f£(x) which is specified

by n discrete equally spaced data points (xi, yi), i =1,n. The program

requests only the functional values (yi} since equally spaced data is

assumed. It then calls the subroutine "FOURE" in file 25 on page 172 to

perform the calculations and prints the results.

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

The maximum number of coefficients and function values that can be
entered into the subroutine will depend on the size of the calling
program. The following limitations assume that the calling program

in file 24 is used.

If N is the number of the highest coefficient and K is the number of

function values then:

2N + K < 683 on the 6,844 byte machine

2N + K < 1707 on the 15,036 byte machine
2N + K < 2731 on the 23,228 byte machine
2N + K < 3755 on the 31,420 byte machine

For valid results, the user should provide at least N data points to

compute N coefficients.

"ODD NO OF POINTS" indicates that the user must supply an odd num-

ber of data points.
The time to run the program is proportional to the number of coef-

ficients and data points. With 17 points and 5 coefficients it took

2.5 seconds and with 33 points and 7 coefficients it took 4.5 seconds.
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FORMULAE:

2Mix

If: g(x) = £(x) cos (——*ET~w) dx
and h(x) = f(x) sin (—gﬂgfia dx then:
a. -~ _EQE, {g(x ) + 4g(x.) + 2g(x.) + 4g(x.) + + 4g(x ) + 9(x )}
i ® 73T 1 91X, g ¥ ALY e AN | n
b 20% {h(x.) + 4h(x.) + 2h(x.) + dh(x ) + + 4h(x ) + hix )}
i ¥ 3T 1 2 3 4 n-1 n

Sine and cosine functional values are computed recursively with the fol-

lowing formula:

2ﬂxi 2TX ., 2ﬂxi
. . i
sin( " (J 1)) sin ( A ) cos/( A J)
21Txi 2mx,
, i
—————) sin{(————J
cos ( A ) { A )
2Trxi 2Trx__,L ?.TFXi
e + - —_— .
cos { A (J 1)) cos( A ) cos( Ax J)
2mx, 2Mx .
sin (=) sin(—~———— J)
Ax Ax
REFERENCES::
1. Hamming, R.W., Numerical Methods for Scientists and Engineers
(MCGraw-Hill, 1962), pp. 67 - 80.
2. Acton, Forman S., Numerical Methods that Work (Harper and Row,

1970), pp. 221 - 257.
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INSTRUCTIONS:

1. Insert UTILITY ROUTINES cartridge with machine turned on.

2. Load the file.
a. Type 14f 24
b. Press EXECUTE

3. (Optional)
a. Type fxd N or fl1t N where N is the number of digits
printed to the right of the decimal point (0<N<11).
b. Press EXECUTE

4, Press RUN

5. When "HIGHEST COEF?" is displayed:
a. Enter the highest numbered coefficient a s bn that you want
computed.

b. Press CONTINUE

6. When "INIT DOMAIN VAL?" is displayed:
a. Enter the left bound of the period over which the series is to
be evaluated.

b. Press CONTINUE

7. When "INCREMENT?" is displayed:
a. Enter the increment between successive first coordinates

(x - x,).
1

i+l
b. Press CONTINUE

8. When "NO OF PTS?" is displayed:
a. Enter the number of data points that you are going to evaluate

(this number must be odd or an error message will be printed).

b. Press CONTINUE
9. "RANGE VALUES?" will be printed.

10. When "Y[I]" is displayed, "I" designates the Ith data point to be
entered.

a. Enter the functional value (yi) of the Ith data point (xi, yi).
b. Press CONTINUE

c. If all data values have not been entered, repeat step 10.
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11.

12,

13.

14.

Press CONTINUE , if you do not need to make changes to the

When "CHANGES?" is displayed:
Either
a.
entered data.
b. Go to step 14.
or
a. Enter 1 if you need to make
b. Press CONTINUE
When "DATA PT NO?" is displayed:
a. Enter the data point number
b. Press CONTINUE
When "Y[I]" is displayed:
a. Enter the correct value for
data point.
b. Press CONTINUE
c. Go to step 1l1.

The coefficients will be printed.

some changes.

which is to be changed.

the functional value of the lt
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"FOURE" SUBROUTINE

This subroutine calculates the Fourier Series Coefficients ai and
bi for the Fourier Series corresponding to a function f(x) which is

specified by n discrete equally spaced data points (xi, yi), i=1,n.

The finite Fourier series for a point x is given by:

%o o iTx iTx
+ I (a.cos( ) + b, sin¢ =
2 i=1 i T i

))

where the Fourier coefficients-aiand b. are:
1

2 + 2mi
a, = = 1" £(x) cos(ZFEE ax
i T xl T
1 i=0,n
2 + i
b, = = 1" £ sin(2E ax
i T Xy T

T specifies the period equivalent to (xn-xl} and n indicates the num-
ber of coefficients desired. The coefficients are evaluated by numerical
integration using Simpson's Rule. The number of data points must be odd

and the user need only specify the initial domain value x,, the increment

1'
Ax=xi+l-xi and the range values for each X, . Execution time depends on

the number of ccoefficients that are computed.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "FOURE" to take advantage of its
capabilities. The results of the calculation and any other output is
designated under <OUTPUT>. The user should be aware that the subroutine

may alter variables he is using in his program and should therefore

172




check the variables listed under <DESTROYED>.

An example of a typical program which uses this subroutine may be

found on page 176 or in file 24.

PARAMETERS AND VARIABLES USED:

<INPUT>
N highest numbered coefficient
A initial domain value Xy
W increment between domain values Ax = Xip1 ~ %
K number of data points
Y [K] range values for data points
<QUTPUT>
. N, A, W, K, Y[K] unchanged
A[0:N]
Fourier Series coefficients
B[N]
flg 2 set if number of points is not odd
<DESTROYED>
D (K - 1)W = period
2'rrxi
E A argument for sine and cosine
2Trxi
F cos (-"—A'x— J)
used in evaluation of integral
2ﬂxi
in
G sin( Ax J)
I loop counter for data points
. J loop counter for coefficients
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multiplier = 1, 2, or 4, used in Simpson's Rule

2Tx, .
i . . . , . .
cos(-—75:~0 invariant used in recursive computation of sine

and cosine; partial sum for A[0]

temporary storage for new F

current domain value X, for integral computation
current functional wvalue Yi for integral computation

2Tx,
. i . . . . .
sin( A ) loop invariant used in recursive computation of

sine and cosine
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INSTRUCTIONS::

Load

sary

your program into memory. The program should set up all neces-

parameters (N, A, W, K, Y[K]) to be passed to the subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Load

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
Press EXECUTE

the file.
Type 1df 25, N, M where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after subroutine is

loaded.

Press EXECUTE
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ANNOTATED LISTiNG:

FOURIER SERIES COEFFICIENTS FOR EQUALLY SPACED POINTS

Load subroutine after program

25l

1: eme "HIGHEST
COEFT"aMiif
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13vate +8
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desired )

Enter the initial domain wvalue

voene "IMCOCREHEH
TP?"sliid F1laiza
cfa 13iato +A

Enter the increment between consecutive
points

Enter the number of points
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Stop if error flag is set

=
RN TS Pl 8

Tt == ~ms ") oo sx]as

Saprt =
CIEHTS =~
P1l+]

i |_.‘;= 1 5 I-.-'I_i

e £
¥ OFTE b1 | et
i U B & W N B BT
F
R

L

[

N
il
o

b o
—
i
-
e
=
aered “m
wo |

[ {{]

=
E =)
== 30

o
-
-
=

]
— 1 1

i - i

I

1 == e,
[

4 L b e

Jmp

S|
= 1

R L L
—

e

Print the Fourier coefficients

o L
e b= 1
|

[

o

1T

i

==
Y
=gl -

176




ANNOTATED LISTING:
FOURIER SERIES COEFFICIENTS FOR EQUALLY SPACED POINTS

Dimension A and B arrays to hold the

; coefficients
21z Chetk that an odd number of points have
"Ooo Mo Llr- FTs" been entered
et
g8 iF (I+L1+T01xES
It +E X and Y are coordinates of the current data
30 RA+0I-101H=+x: point
Y LTl +Ysif I=1 _
or I=Esl+fisto M is multiplier - used in Simpson's Rule
+3
48 1f M=d432aMs Multiplier alternates between 2 and 4
2t o +Z
5eroodap .
B coslZads0+E)1= Initial computation for sine and cosine
SaFicsin(El+2+0 used in recursion
o Ly 3 2
' : HTI;EE? EJIJ EFE [!]” A[I] and B[J] are the Jth coefficients
21 [+l Jrd=H
s EF-Z2GsTI2F+ Recursive computation of sine and cosine
EﬂﬁhsT&Fiqta -1
Mo lxdsato -7
las Y[il+4y[21+
YLk 3 EE R BT Computation for A[0] coefficient without
11¢ S+25¥[11+44YIL1 use of sine and cosine
+13=+5vdmpe {1+
211 r=K
12+ SH~ 'iii*h [
N
12% Z2RALIIHA30=RL
JIFZBLITHA20+EL Final modification with Simpson's Rule
d1aimpe Ed+1+d13 to compute final coefficients
H
148 ret
¥315329
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Fourier Series Coefficients For
Unequally-Spaced Data Points

FILE 26 DRIVER

FILE 27 SUBROUTINE "FOURIER"
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(@] HEWLETT- PACKARD
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(@] HEWLETT-PACKARD

Fourier Series Coefficients For
Unequally-Spaced Data Points

This program calculates the Fourier Series Coefficients for a function
defined by discrete data points (xi, yi), i = 1,n. The data pairs must
be entered such that the xi are discrete, but not necessarily equally
< i = -
spaced, and xi xi+1 for i 1,n-1.
The program requests all the necessary information, calls the sub-
routine "FOURIER" in file 27 on page 189 , and prints out the computed

coefficients.
SPECIAL CONSIDERATIONS:

1. The maximum number of data points and coefficients that can be used
by this subroutine will depend on the size of the calling program.
The following limitations assume that the calling program in file 26

is used.

If N is the highest numbered coeficient and K the number of data

points then:

2K + 2N < 584 on the 6,844 byte machine

2K + 2N < 1608 on the 15,036 byte machine
2K + 2N < 2632 on the 23,228 byte machine
2K + 2N < 3656 on the 31.420 byte machine

2. For valid results the user should provide at least N data points to

compute N coefficients.

3. For 17 data points and 5 coefficients the program took 7.8 seconds

while for 33 data points and 7 coefficients it took 14.5 seconds.
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FORMULAE :

k-1
A, = I S, for 3 =1, n
J i=2 .
k-1
B, = I T, for 3 =1, n
j , i
l:
Where:
- - - + -
0. = (51 *i00) V37 K%y, 0) Vi 37X ) Y40
* (1 %i40) %00 (7% 00)
1
= +
A 5 (9,49, )
2 2 2 2 2 2
o (K41 " Fyap ) Ym0 X o) VgV R ) Yy,
* (xi+1—x,i+2) e =x ) (kg% 0)
B = —— (R.+R. .)
2 i i-1
x_+1J xiJ
(2Ax. _+B) cos[2T(—=—=—)] - (2Ax.+B) cos [2T (——=—1)]
i+l X =X i X, -X
K 1 K 1
(el
T |
vy (———g—"ﬁz
i+l xk-xl - 2A ' xi+1J .
>n3 3 sin [2n(——)1] -
e L
k1
‘ 2
J
Yl( X =X ) -2A
k "1 x.J
sin [21(— =)
(2133 1
%
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X J x.J

(2ax, _+B) sin[2ﬂfrc(—li£—)] - (2Ax.+B) sin[2Tfrc( ) 1

i+1 X =X 1 X -

k 1 k1
Ti = J > -
(———)
S
2
J
Yo, (0——) -2a
i+l xk xl x.+1J
3 cos [2M ()] +
(21, kK 1
X =X
2

yl( fx )y - 2A

xk 1 x.J

cos [2m( l_ )1
2nJ k 1
(x — )
k1

Where J is the number of coefficient being computed and frc ( ) indicates

fractional part.

k=1
A = I U,
0 i=2 i
3 3 2 2
v = Alxg %) .\ Bx;,p %) . Clx. %)
i 3 2 i+l %
Where A, B are defined above and:
1
C =5 (4P, ))
b - 417 %542) %301 % 540757 X ) X X001 Y X)) % %00 Y 0
-~
(6 p17 %540 (%000 (%)

Sine and cosine functional values are computed recursively with the
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following formulae:

2Tx, 2Tx, 2Tx 2mx, 2Tx,
sin(—-;—-_—_—i—-—(J + 1)) = sin(-—_—:;—) cos(-*-;—_-_-:-'{-—— J) + cos (—x-—-_-J—'-—) sin( " __; J)
k1 ' 1 k 1 k1 k i
2Tx, 2Tx, 2Tx 27X, 2Tx,
cos (nxT;L(-(J + 1)) = cos (-;—-_.—:;'—) cos (—x_-:i—_ J) - sin( _; ) sin( _;L: J)
k"1 k71 k71 k "1 k1’

Where i is the data point number and J is the coefficient number

REFERENCES :

1. Hewlett Packard 9820A Math Pac, pp. 43 - 50.

2. Hamming, R.W. Numerical Methods for Scientists and Engineers (M°Graw-

Hill, 1962), pp. 67 - 80.

3. Acton, Forman S., Namerical Methods that Work (Harper and Row, 1970),

pp. 221 - 257. .
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INSTRUCTIONS :

Insert UTILITY ROUTINES cartridge with machine turned on.

Load the file.
a. Type 1df 26
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Press RUN

When "HIGHEST COEF?" is displayed:
a. Enter the highest numbered coefficient an, bn that you want
computed.

b. Press CONTINUE

When "NO. OF DATA PTS?" is displayed:

a. Enter the number of data points (xi, yi) which you are going to

evaluate.

b. Press CONTINUE

When "X[I]" is displayed, "I" is the number of the next data point

to be entered.
t
a. Enter the first coordinate of the I h data point.

b. Press CONTINUE

When "Y[I]" is displayed:

t
a. Enter the second coordinate of the I h data point.
b. Press CONTINUE

C. If there are more data points to be entered, go to step 7.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE , if you do not need to change any of the
entered data.

b. Go to step 13.

or

a. Enter 1 if you wish to make changes to the data.
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10.

11.

12.

13.

b. Press CONTINUE

When "DATA PT NO.?" is displayed:

a. Enter the number of the data point to be changed.
b. Press CONTINUE

When "X[I]" is displayed, "I" is the data point number to be
a. Enter the new first coordinate

b. Press CONTINUE

When "Y[I]" is displayed:

a. Enter the new second coordinate.
b. Press CONTINUE

c. Go to step 9.

The coefficients will be printed.
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"FOURIER" SUBROUTINE

The subroutine calculates the Fourier Series Coefficients ai and b,
1
of the Fourier series corresponding to a function f(x) which is specified

by n discrete data points (xi, yi), i=1,n.

The finite Fourier series is given by the formula:

imx . iTx
) + bi51n(

‘ao n
— + L (a.cos{
2 . i

i=1

))

where the Fourier coefficients ai and bi are:

|
_ 2 x. +T 2mix
ai = —'—T fxll f(x)cos (—-—-—-—-—-—T ) dx
[ i=0,n
_ 2 x_+T . 2mix
bi = &ﬁ} f(x)sin( - ) dx
.

T specifies the period eguivalent to (xn-xl) and n indicates the num-
ber of coefficients desired. The coefficients are evaluated by numerically
integrating a parabola passing through three successive points. Execution

time depends on the number of coefficients calculated.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "FOURIER" to take advantage of
its capabilities. The results of the calculation and any other output is
designated under <OUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore

check the variables listed under <DESTROYED>.
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The data points

xi are discrete and xi<x.

(xi, yi), i = 1,n should be entered such that the

141 for i = 1,n - 1. The points need not be

equally spaced. An example of a typical program which uses this subrou-

tine may be found on page 194 or in file 26.

PARAMETERS AND VARIABLES USED:

<INPUT>
K number of data points
N highest numbered coefficient desired

Y [K]

<QUTPUT>

X[K] } data points (xi, yi), i=1, K

K, N, X[K], Y[K] unchanged

A[O:N]
B[N]
<DESTROYED>

A rl if
of rl

B r2 if
of r2

C r3 if
of r3

D X.; X

i
E *i+1
F *iv2

-X
n

} contain the Fourier Series Coefficients

first set of data, r4 if last, otherwise the average

and r4

first set of data, r5 if last, otherwise the average

and r5

first set of data, r6 if last, otherwise the average

and r5
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rl

r2

r3

ZTrxiJ
sin (———)

1

2mx.J

i
cos (————)
¥

counter for data points
counter for coefficients
2mx, . J
i+l

sin (22
S |

2Ax, + B
i
. . .th .
partial sum of integral for aj, the j coefficient

2ng
X

argument for function evaluation; temporary storage

for integral computation

Y;
Yiq1
Yis2
denominator (xi+l-xi+2) (xi-xi+2) (xi-xi+1); temporary
storage
Lg% ) wym (=, ) vy 4 (x-x, )y, 012
2 2 2 2
T "% 007 vy= (g TKipp ) Yyt ox ) Yi+2}/Z
- - - - *
DOy 7% 00) 41X o¥ = (X=X o) XXy oy, 4 (k=X )
XX 1Y5403/2
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rd former value of rl

r5 former value of r2

r6 former value of r3
r7 -;;%E:——~ where J is current coefficient number being
k1
I 2
computed; (—;—:;—)
k71
27X,
r8 _; first argument for functional evaluation
1
2T
o *ia1
= second argument for functional evaluation
T
3
27T
rl0 (—*:;;ﬁ
%
2WxiJ
rll sin( )
x_
]
2ﬂxiJ
rl2 COS{_;:T_)
k1
2mx., . J
+
rl3 sinb*:r%zl—ﬂ
k 1
2Tx% .
+
rld cos(—";—%zé——d
k 1
. . .th ..
rl5 partial sum of integral for bj' the j coefficient
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INSTRUCTIONS :

Load

sary

your program into memory. The program should set up all neces-

parameters (K, N, X[K], Y[K]) to be passed to the subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
Press EXECUTE

the file.

Type ldaf 27, N, M where:
N

line number where the first line of the subroutine should be

loaded into memory.

M line number where execution is to begin after subroutine is

loaded.

~Press EXECUTE



ANNOTATED LISTING:
DRIVER - FOURIER SERIES COEFFICIENTS FOR UNEQUALLY SPACED

POINTS

Looad the subroutine after the program
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ANNOTATED LISTING:
SUBROUTINE - FOURIER SERIES COEFFICIENTS FOR UNEQUALLY
SPACED POINTS

B "FOURIER":dim Initialize coefficient arrays to zero

HIB:MI B LM
1+I581+J38+R (8]

1: @+ALJI=+BLJ]3
drp (J+1l+J1xH

<f WII] ::‘IF!'*D’ = [_I+ Three consecutive data points (X.,Y.) ,
LI1=+B+EsY L1113 i
iy (X1+ 'Y1+l)' (X, + ) are stored in

- E;le :"" . ) simple variables for iater use (except last

.;.;8 if I=k-1itsto two data points) X.=D Y.=U

41 mLl+2130+Fs pEES ¥1+1 v

= [@“‘ﬂ-?% FTTD — L2

e N N T R R - - - >
42 K1 %) By7%y ) (X%, )72

B[R~ FIU—ID X =X —(X — +(X -
Fiv+ (D-E1Mi- DOy Xy ) Y (X=X )Y+ (X=X )Y )
ol /2 > rl =A'

7t -((EE-FF)U- 2% Av.-(x.%x, 2 2y °
{DO-FF 1%+ (00~ T P L I P L AL I SNY
EE)MI ~Z+r2 Y o1/ > r2 =B

@ Lie-FIEFUO-T0- X - -(X - +
FIDFY+10-E)DEW T T N AT LN

LR ] -— = L}

_. 2-:.‘]‘. 2 0] B (Xi xi xlxl+l l+2}/z ” r3 c

F: 1f I=livl+Hs
FE+BirE+Cisto + If first set of points A'-A,B'»B,C'>C

la:r 51 i"l+ Pl s Average of computed‘ values goes into A,B,C
" 5 l. I |.:_+ l "-"E' 3
.5[!’?"'?’&"‘-"! .Lé:.%ég.)_—rg '-(-B-::;—B-?l—*B ...(..(.:.'.g.g.?l—)-c
It +57 )

113 rd+AsrS+ES If last set of points AP*A, BP>B, CP-C
Fe+D

12 B+ J is subscript of coefficient being computed

1o Z2Ha[T+1IT+ P and Q are used in computation Of arquments
E+FPiZAELITI+B+R for sine and cosine

14;J*F}*’F4! FEFras 0ld value of A',B',C' saved in AP, BP, and CP
Fo*irg

13% HIEEE- E'r'l:” ’ A[0] coefficient computed
I+BLEE-TDO) -~
ClE-Di+RAI&] ""H L&
]

led sin(daxlIds
!- SIRT-® D11 i=+r2] Invariants for recursive computation of
:G o sine and cosine values are stored in

17: cosirs .'I.+H simple variables

18 sinlZ2osll+
1708 IEI-HI111 =
r3i+L

197 coslr3l+H

2B 1+JiGH+rlls
Herl2il+rl3:
M+rldiato +35

195



ANNOTATED LISTING:

21t GrlZ+Hrell=+r7 _ .
SR o HrelE-Grilisrl Recursive computation of sine and cosine
2irr+rll
23y Lrld+Mrizsr?
24 Mrld-Lrl3+rl
4iri+rld
25 dslE I -1 Coefficient number divided by period
Pap?
2ot LIZary2TiTr
FiTsrll
2Fs IN[I+11¢?- Temporary variables for integration
SRlsrlesZs (YII]
FY—2R1 S r1@+T
ot IPrlg-Url2Ys
Fr+2ria-Trll+5 S and rl5 are partial sums of numerical
29 (Priz-ariins integration approximation for A[J] and B[J]
FY-Zrld+TriZ+rl
5
20 =S+p LAl +A0.4]
i plES+BLDJI=BL] Integral approximations updated for A[J] and
i B[J]
a2y 1¢ JEMI J+ Repeat for "the next coefficients
I+Jsato —l;'L__
S0 iF ITI+1=11#HE Repeat computation for next set of 3 data
rato —~31 points
KEHEENHEE ‘
“Li1+0 D is period .
AT 1t |rl-**”'H
PR LET LHH [E]
Fet Finishing touches put on Fourier coefficients
dod 2ALIIS0O=RL0J]
P2Bl I 0+p[J]3
sto -1
#2467 1
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FILE 28

FILE 29

Iterative Rootfinder For
User-Defined Function

DRIVER

SUBROUTINE "ROOTS"
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[ HEWLETT- PACKARD @] HEWLETT- PACKARD @ HEWLETT- PACKARD

@) HEWLETT- PACKARD

[={=] Iterative Rootfinder For
. User-Defined Function

R

This program will search for solutions of f£(x) = 0 over an interval
[a, b] where the user defines the continuous function f£(x). The function
may be algebraic of the form (a0 + al xel + a2 xe2 + ... + an xen) with
a; real and e rational (e.g. X3 + 3x3/2 4+ «/3{) or transcendental (e.g.

sin(X) + cos(X)).

The user specifies the initial domain value, search increment, error
tolerance, and maximum interval-halvings to be used. The program then
calls the subroutine "ROOTS" in file 29 on page 203 to calculate the roots.

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. "ILLEGAL BOUNDS" indicates that the lower interval bound was larger
than the upper.

2. "DEFINE FUNCTION" indicates that you forgot to define the function.

REFERENCES :

1. Stark, Peter A., Introduction to Numerical Methods (London: MacMillan

Company, Collier - MacMillan Limited, 1970), pp. 95 - 96.
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INSTRUCTIONS:

1.

Insert UTILITY ROUTINES cartridge with machine turned on.

Load the file.
a. Type 1df 28
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<£11).

b. Press EXECUTE

Press RUN

When "DEFINE FUNCTION" appears in the display:
a. Type gto "EVAL"

b. Press EXECUTE
Press STEP
Press STEP

Fetch the line where the function is stored.

a. Observe the number in the display and press FETCH followed by
that number.

b. Press EXECUTE

'beep; beep; dsp "DEFINE FUNCTION"; stp' will be displayed:

If the function definition will fit on one line then:

a. Type the function to be evaluated into the display in the form
f(X)*Y (e.g. Xt2 + 3X + 5 » Y).

b. Press STORE

c. Go to step 10.

Otherwise, if the function requires more than one line:

a. Type the first line of the function definition.

b. Press STORE

c. Type the next line of the function definition

d. Press INSERT (line INSERT not character INSERT)

2. Repeat steps c and 4 until the complete function has been entered.
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10.

11.

12.

13.

14.

15,

le.

Continue execution.

a. Type cont 2 (you must type the word "cont" character by
character rather than pressing the CONTINUE key).

b. Press EXECUTE

When "LOW BOUND?" is displayed:
a. Enter the lower bound of the interval to be searched for roots.

b. Press CONTINUE

When "UPPER BOUND?" is displayed:
a. Enter the upper bound of the interval to be searched for roots.

b. Press CONTINUE

When "SEARCH INC?" is displayed:
a. Enter the size of each subinterval that will be searched for
roots.

b. Press CONTINUE

When "EPSILON?" is displayed:

Either

Press CONTINUE , if you want the default value of 10_6 for the
f(x) error tolerance.

or

a. Enter the error tolerance for f(x)

b. Press CONTINUE

When "MAX BISECTIONS?" is displayed:
a. Enter the maximum number of interval bisections that can occur.

b. Press CONTINUE

The roots x, their functional values f(x), and the accuracy to which
the root is found will be printed for all roots found over the inter-

val.
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LOK BOUHDY
El
UFFEE BOUND?

EXAMPLE:

3
SEARCH INC?

H
1z

b BISECTIOMS?

[N 'Ti i...f'l !Ti

EFEILOMHT
Roots of sin(2X) = 0 CEEERE

~--ROOTS ARE~--

on interval [0, 6]

W= B, ABEEEN
are 0, m/2, T, 3m/2 Fixi= 0,G60080

ACCURATE TO
H.HEB0E4

% BETHEEH
1.57B8313
1.578861

Filkl= B.EER4TS

ACCURATE TO
g.86860483

# BETHEEH
3.141113
F.141682

Fidl=s -8.8884703

RCCUREARTE T4
gL EEE428

% BETHWEEH
4.711%14
4.712482

Flixl= @.800d4e2

ACCURRTE T4
UI‘IE

5
!""_;._l
ol
[ax]

4

0
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"ROOTS" SUBROUTINE

This subroutine will search for solutions of £f(x) = 0 over an inter-
val [a, b] where the user defines the continuous function f£(x). The func-
tion may be algebraic of the form a_ + alxel + azxe2 + ...+ anxen with
a; real and e, rational (e.g. x3 + 3x3/2 +.J§) or transcendental (e.qg.
sin(X) + cos(X)).

The user specifies the search‘increment Ax and the error tolerance
for £(x). The program then begins at the left of the interval and com-
pares functional values at the ends of the subinterval [a, a+Ax]. If the
functional values are of opposite sign then the method of interval halving
(bisection) is used to locate the root. Each subinterval (A + iAx, A+
(i+1)Ax) is examined for a possible root. At most one root per interval
will be located and if there are multiple roots per interval, none may be
located. The user must also specify a maximum number of interval-halvings
(M) so that an error tolerance which is not satisfied will result in the
root localized to an interval of size ZHM(B - A). The subroutine will

. . B - A .
examine N = lnt(—-zsz-—) intervals.

Because the number of roots located cannot be computed ahead of time,
the program is only a quasi-subroutine whose output occurs in the subrou-
tine itself and is not saved. The user may modify this method of output

by changing lines 8 and 16 in the "ROOTS" program.
One of the advantages of this method is that whenever a root is found
the accuracy of the root is known precisely. This value is printed out

for each root.

When used as a subroutine, all parameters specified under <INPUT>

must be assigned in the user's calling program. The user may then append
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the subroutine to his program and use gsb "ROOTS" to take advantage of

its capabilities. The results of the calculation and any other output .

is designated under <OUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore

check the wvariables listed under <DESTROYED>.

An example of a program which uses this subroutine can be found on

page 208 or in file 28.

PARAMETERS AND VARIABLES USED:

<INPUT>

A lower bound for search interval

B upper bound for search interval

D search increment (Ax)

E error tolerance

M maximum # of bisections for each subinterval

f(x)>Y must be defined in "EVAL" subroutine
<QUTPUT>

B, D, E, M unchanged

Roots are printed in subroutine, but not saved.

s interval size.hordering roots when found
flg 2 set if bounds are reversed

<DESTROYED>
c counter for number of interval halvings
L left (lower) bound
R right (upper) bound
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‘domain argument for function evaluation in "EVAL"
functional value f(x)

product of £ (A+iAx) and f£(A+(i+l)Ax). If negative or zero,

a root is contained in the interval.
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INSTRUCTIONS :

1.

10.

Load your program into memory. The program should set up all neces-

sary parameters (K, N, X[K], Y[K]) to be passed to the subroutine.
Insert UTILITY ROUTINES cartridge.

Type 1df 29, N, M where:

N = line number where first line of subroutine should be loaded into
memory.
M = line number where execution is to begin after subroutine is loaded.

Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).

b. Press EXECUTE

Find the line where the function is stored.
a. Type gto "EVAL"
b. Press EXECUTE

Press STEP
Press STEP

Fetch the line where the function is stored.

a. Observe the number in the display and press FETCH followed by
that number.

b. Press EXECUTE

'beep; beep; dsp "DEFINE FUNCTION"; stp' will be displayed:

If the function definition will fit on one line then:

a. Type the function to be evaluated into the display in the form
f(X) > Y (e.g. X12 + 3Xx + 5 > V).

b. Press STORE

c. Go to step 11.

Otherwise, if the function requires more than one line:

a. Type the first line of the function definition

b. Press STORE

c. Type the next line of the function definition
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11.

d. Press INSERT (line INSERT not character INSERT)

e. Repeat steps c and d until the complete fucntion has been

entered.

Continue execution.
a. Type cont N » where N is the location where the program
execution should begin. (Do not press the CONTINUE key;

you must- type in "cont" one character at a time).

b. Press EXECUTE
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ANNOTATED LISTING:
DRIVER - ITERATIVE ROOTFINDER FOR USER-DEFINED FUNCTION

Load the subroutine after the program

20k
o
|_..1.

|_l.
]
A

2 [

Ll

_{-j arm| a

[ ]

i

i ee TTE T e
=

ERER el 1N

CTIO User must define function in subroutine

o
s
oo
e

LI B [

> :I
et T2 T | e ay [
]

[
[l bt
Ll P

LOW BOUH

: if fl=alzs Lower bound of search interval
ofa i3t hE
a2 enp CUPFER

BOUNDY" s B8 17 Upper bound of search interval
flaldscfe 133
ato +8

3
D]

41 enp "SEARRCH
[HC? . Diif §flal Size of search interval
dicfe 1ldssto +@
5: enr "MAY BISE
CTIOMS? " aMes 1 ¥ Maximum number of bisections during search
Flalisofe 133
Ito +H
£ s=po osenp CEFS
TLOM? " s Edape A Error tolerance
if fleli3iile-a+E
Yioprt U---E0OOTS
ARE-~-"%src I
5 oask "ROOTESC Branch to subroutine - Roots are printed
Qr zpe diend in subroutine
#2785
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ANNOTATED LISTING:
SUBROUTINE - ITERATIVE ROOTFINDER FOR USER-DEFINED FUNCTION

Ay THEOOTS"ior =
‘I’ Z231f ArBiszfa 23 :
- d=r "ILLEGAL Check for illegal order af search bounds
BOUMOZ" 3 ret
o W] = I T T
l; Reiaiazb "EVHL Functional value fo left bound
Y F Left bound saved :in F

L T

Right bound saved in L

sn = au| ma
11}
-+

41 ReXiszh "EVAL
T IR SN O ol o i B . C .
- If product is positive, search next interval
ata =~ . .
. . o i s - If product is negative, look for root
i F I L I~ B A B G
7T 1f FERIA-09A3
Fy
B oprt TH="3a
N ot aan o aa . ROOT has been found
Fluwi="qa%i12pc 1
A+0O+A:1le-12%5%%
It +d
Tt A-OFLIARRI AL
18 (L+R1- 2363 . . . .
o =11 Compute midpoint and its functional wvalue
Fzb "EWHL
H F RIS v . , .
ié’qT f+_F;L'+l* i Chetk for maximum number of iterations
a ST O .
-:,: o fw .:. r lll _::' L] . . . ]
2? __}T '3bf.£' Ei Check if error tolerance is satisfied
. He+saato 4+
i w o R o °
iﬁf[-}z? L !:“l oE If product is positive look on right interval
P T - B ¢ B |
14: 1+ ZS=Baiprt
,,T 5ﬁf ,FJJ?1? ' Check if root has been found
T8 S aR-LHFos
R
T o TT —=
%f' 9 ?i" - Search on left interval
LB prt A oBE T HE
EMH":sLaE:s "Flsi="
PIAERG fE—4’4_' Print roots and accuracy
1V: z=pc i@rt
"HOODUERTE TO7
Disemo S33to —la
T2t "EVAL !
19 beerpsibeers
dzp "DEFIHE Function will be defined in line 19
FUMCTIOM s 2t ®
SHEE ren
$ZEEEE

209



210



Polynomial Rootfinder

FILE 30 DRIVER

FILE 31 SUBROUTINE "ROOT"
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@ HEWLETT- PACKARD

@] HEWLETT:- PACKARD (@] HEWLETT- PACKARD

(@) HEWLETT- PACKARD

Polynomial Rootfinder

This program will find all roots, 2, of polynomials of the form

. . 2 n
+ b + + i .o + i = .
a, + ib, (al 1bl) Z + (a2 + 1b2) Z° + (an 1bn) Z 0
After the coefficients are entered, the program calls the subroutine

"ROOT" in file 31, listed on page 218, and then prints the roots.

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The maximum degree polynomial this subroutine can handle will depend
on the calling program. The following limitations assume that the
calling program in file 30 is used. If N is the degree of the poly-

nomial then:

N < 103 on the 6,844 byte machine

N < 1127 on the 15,036 byte machine
N < 2151 on the 23,228 byte machine
N < 3175 on the 31,420 byte machine

2. "NO CONVERGENCE" indicates that a root cannot be found after 50
iterations or 10 successive quarterings of the search increment.
These limits may be modified by changing line 13 or 15 respectively

in the "ROOT" subroutine.

FORMULAE

n k
f(z) = I (ak + ibk) z =0
k=0

Siljak functions Xk and Y

k
z

K are defined by

Xk + iYk and may be calculated recursively
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>~
]
N
"
>
i
—
HY
3%
+
=
N
St
e

t where x + iy are the root approxi- .
2 2
Y = 2x Y - (x +yv)¥Y mations

k=0
n

v= % (a¥ + b X)
oo kT Pk

ou n

F R R W R O Y
k=1

ov n

X El k(a ¥, + X )

REFERENCES : .

1. Moore, J.B., "A Convergent Algorithm for Solving Polynomial Equations",
Journal of the Association for Computing Machinery. vol. 14, No. 2

(April, 1967), pp. 311 - 315.
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INSTRUCTIONS:

Insert UTILITY ROUTINES cartridge with machine turned on.

Load the file.
a. Type 14f 30
b. Press EXECUTE

(Optional)

a. Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (O0<N<11).

b. Press EXECUTE

Press RUN

When "DEG OF POLY?" is displayed:
a. Enter the degree of the polynomial that you are going to evaluate.

b. Press CONTINUE

When "A[I]" is displayed, "I" designates the exponent of the term

which is to be entered next:

a. Enter the real part of the coefficient of the term with exponent
I.

b. Press CONTINUE

When "B[I]" is displayed:

a. Enter the imaginary part of the coefficient for the term with
exponent I.

b. Press CONTINUE

c. If more coefficients need to be entered, go to step 6.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE if no changes need to be made.
b. Go to step 12.

or

a. Enter 1 if you want to make changes.

b. Press CONTINUE

When "COEF EXP?" is displayed:

a. Enter the exponent of the coefficient to be changed.
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10.

11.

12.

b. Press CONTINUE

When "A[I]" is displayed:
a. Enter the real part of the correct coefficient.

b. Press CONTINUE

When "B[I]" is displayed:

a. Enter the imaginary part of the correct coefficient.
b. Press CONTINUE

c. Go to step 8.

The roots will be printed.
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DEG OF POLYY
EXAMPLES : =

I

L RN R ]
(]
fr3
(]

2
(1+01)Z +(-2+i)2+3-1 = 0

ALLI
_ -7
zZ) = 12 BLL11%
= : A
2, = 1+i i
ALETY
~15
OEG OF FOLY? BT
2 A

ALz17 CHAMGES?
i
EL2]
B
ALL]® e
ELL17
1
ROOT MO,
ALATS L BEEOEA
3 = ~1.5EE060
BELG]7 = §.ORERA0
-1
FOGT MO,
CHAMGES? 1.008068
A= S . ABREEE
E= GL.EEARBEAE
et o o e s s v o v o e o 2t 2ot 2Z2-'7Z-15 -0
Z. =5
FOOT MO, 1
Z.oeEBEe Z, = -1.5
Fi= i.GEA0EA
E= 1.A06600
ROOT HO.
1L ABEREEE
fi= 1. AREAEG
B -2 BEAAGEA
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"ROOT" SUBROUTINE

This subroutine will find all the roots, Z, of polynomials of the
form a0 + ibO + (ali-bl) Z + (a2 + ib2) 22 + ... + (an + ibn) Zn = 0.

Roots are found by expressing the polynomials in terms of Siljak
functions and using the method of steepest descent to determine the zeros.
Once a root is found, the polynomial is reduced by synthetic division and
the process is repeated. The last root is computed algebraically. The
algorithm is very accuraté and stable; it will virtually always find the
roots and you do not need to provide an initial value. Multiple roots are
found at some slightly reduced accuracy, and higher order polynomials may
show some loss of accuracy as more roots are found. In general, the pro-
gram will find "normally" spaced roots accurate to better than 6 decimal
places. Newton's method could f£ind the roots faster but convergence

is not guaranteed and no a priori information is necessary.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "ROOT" to take advantage of
its capabilities. The results of the calculation and any other output is
designated under <QUTPUT>. The user should be aware that the subroutine
may alter variables that he is using in his program and should therefore

check the variables listed under <DESTROYED>.

An example of a program which uses this subroutine can be found in

file 30 listed on page 222.
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PARAMETERS AND VARIABLES USED:

<INPUT>

Al ]
B[ 1]

<OUTPUT>

CfJl]
D[J]

flg 2

<DESTROYED>

degree of polynomial

Ai + iBi represents the coefficients of the polynomial
where the subscript corresponds to the exponent of the

variable.

. .t .
Cj + 1Dj represent the j h root of the polynomial

set if the algorithm does not converge to a root

temporary storage for A[K], K = 0,N-1
temporary storage for B[K], K = 0Q,N-1
temporary storage ror B[K], K = 1,N

AX; temporary storage for A[K], K = 1,N
Ay

2 2 , s .
u + v , function value for Siljak functions
former value of F used to test for convergence
loop counter
loop counter

counter to determine if after 50 iterations convergence

has not occurred

counter to determine if 10 successive quarterings of the

search increment have not reduced the function value

du
ox
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o] ov

ox
T temporary storage
u real part of F; temporary storage for A[K + 1], K = 0,N-1
A imaginary part of F; temporary storage for BI[K + 1], K = 0,N-1
} X + iY is the root approxination
2 2 . . ‘o .
Z X + Y used in computation of Siljak Functions:
2 2
(Q.E) + (-?-Y-)
ax 0x
r0 temporary new value of X
rl temporary new value of Y

X[ ] } Siljak function where Zk = X + iY
Y[ 1
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INSTRUCTIONS:

1.

Load

sary

your program into memory. The program should set up all neces-

parameters (K, N, X[K], Y[K]) to be passed to the subroutine.

Insert UTILITY ROUTINES cartridge.

(Optional)

a.

Load

a.

Type fxd N or flt N where N is the number of digits
printed to the right of the decimal point (0<N<11).
Press EXECUTE

the file.
Type 1ldf 31, N, M where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after the subroutine

is loaded.

Press EXECUTE
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ANNOTATED LISTING:

POLYNOMIAL ROOTFINDER

g ocfse 133 1df Load subroutine after the program
21s1%5.1
i erme "DEG OF

FOLY?" s MipM=03

if flal3scis Enter the coefficients of the polynomial
13iatc +8 into the A and B arrays
28 MeTlsdim ALIAIH

1sBIB:H]lizme
F: oene ALITRIF

flaliicfa 133

ato +4
4: ene BLITiiY

flaiZsctas 133

ato +0
a2 if (I-1411>=@

iEspo i9to =2

i sRpCc osenk CUHA

HEGES?"s lizpc 3

1f fl3l3igsto +4
Yioene "EMP OMHO.T

"aIsif flal3s

cfa l13iate +4 Make necessary changes
2 oene ALIX:if

flal3fcfa 13:

Lo +B
S oofa 13iens

BELIlsiato +@:if

ot Flal3szspe 8

ato ~3
im azsh "ROLT" Branch to subroutine
11 it flaist Stop if error flag set
120 zec Ziprt -

=
et

SR

I

spn Zssd
PEFT
OT MO, "s J
TR N I B B

Print roots

~Jl#* e g T AT em cww § as] eafone ot

DLl sdime L.
1+d1 41

ld: z=pe 45end
#1727 3
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ANNOTATED LISTING:
SUBROUTINE - POLYNOMIAL ROOTFINDER

i "‘_]:il:iT"::.']"g e
divm HIEINIYL[H: X[] and Y[] hold Siljak coefficients
Ml s ST« DINT S
I+ @] +Y L1151 A[]l and B[] will hold root approximations
1M Il +Ei@+l»Y
NEN
Lo 1+dial=Yi1ll=Y
R R I A e i Initialize
Y Il
25 aszh CEILJHET Branch to computation of Siljak coefficients
A FALsEFE AP0 G gets former value of F, initialize and
slL+ls] increment iteration counter
G801 TE+L#EIFNS du® . dv°
PR+Q@+Z5ata +3 x ax 2
S KIHLKIX[E-11- 8 N
BLKIYIK-113+F+P P=x> = I K(AIKIX[K-1]-B[K]Y[K-1])
g KIALKIYIK-11+ * k=1
BIKI®IK-1T0+ 5 N
fefiato -2 = 55 = I K(A[K]Y[R-114+B[KIX[K-1])
Fro=(LUP+YR1 <2500 * k=1
(E-YPT - 22E D=AX change in X, E=AY change in Y
CE R Increment successive quartering counter
EHR TR SR New root:approximation X,Y loaded into
E+Y L1l X[1] and Y[1]
1@ azk "STLJRRET Recompute Siljak coefficients
11 1f Fr=073ta If new error estimate greater than old -
+4d quarter the size of AX and AY
12y if aksiDl<le
-5 and okbs(E1 <1 Are increments small enough to satisfy the
s-—diato +13 stopping conditions?
13y 1 LrBRigto If more than 50 iterations, stop.
+4
14 H{11+xwsY 011> Iterate again
Yisto -11
A5 if Ma=1ig:iDrs
d+0sE“d4+Efatao - Quarter the interval size and try again
7

16 if abzilrd=1
14

-7 and abs Y Check if stopping conditions satisfied

=jle-Fiato +9
L/ zf3 Zrdsp
MO CUNVERGEMCE Error message
"iret
Ly "SILJRETTRTL
T [LI+YLLIYID1l] = SUBROUTINE TO COMPUTE SILJAK COEFFICIENTS
Si-lwEs2a 0117 ‘
L9 if (E+1+E1xH X[0]=1, X[1]=X, Y[0]=0, Y[1l]=Y
~ZiEaldeyi -1k
ata +3 recursively
sB: THIK+1I-Z2¥ Lk
T+E[E+21 X [K+2] = 2X*X [K+1]- (X2+Y?)X[K]
2lt TYIK+11-2% 0K Y[K+2] = 2X*Y [K+11- (X2+Y%) Y [K]
i1y Ik+2lsato -2
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ANNOTATED LISTING:

foik+1+KisH N
X % (A[KIX[K]-B[KIYI[K])
K1s K]~ K=0

J
-1
11::
-

=]
I

[l

Falr
= LAl 0 e 00 0 ses P

wu gy wa[— L oo anlew we)c
-

21 LET+ N
BLET 445 V= I (A[K]Y[K-1]+B[K]X[K-1])

2 K=0

L1120 IHT: Store computed root in C and D array element

o
T
i
LR

a2

s,
(i

Initialize variables for synthetic division

[n]

UL RS | B sl n x

=0

3

too 4 ' Synthetic division to calculate new
1+C B IKT+ coefficients A[] and B[]

I

Ex ]

- mo gy meliy owe T | we

(%]

o
k] R T R T R

o 1 ]
LR o

[
——
-+
forte ey
[

[

E+ruV+yU+E L]
Hill+Biato -3
[H=1+MT#1 Reduce number of coefficients and begin again
-3
~{IRIBI+HY A
11+Ui+IBIB]+B] Since degree of resultant polynomial is .

-3
Tt

L)
o+
Tl b
i

l

At

CELLTI =+l s UL+ one, compute final root algebraically
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String Sort For Strings Or
Substrings Within A
String Array

FILE 32 DRIVER
FILE 33 "QSORT" SUBROUTINE
FILE 34 "SSORT" SUBROUTINE
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(@) HEWLETT- PACKARD

(@] HEWLETT- PACKARD

[@2] HEWL!TT- PACKARD (@] HEWLETT- PACKARD

String Array Sort On A
Substring Key

This program sorts a string array A$[] into ascending (or descending)

order such that A$[K]<(or>)A$([K+1l] for K = b, b+l, ..., t~1, t where
the user can specify the sorting bounds b and t. The sort can use the

whole string or any substring as a key to allow maximum flexibility.

The program requests all necessary information, calls the subroutine
"QSORT" on file 33 or the subroutine "SSORT" on file 34 and prints the

sorted array.

The "QSORT" subroutine should be used if a fast sorting algorithm is
desired for a large number of strings (>15). The speed of the sort is
achieved by sacrificing additional memory for the larger program and more

intermediate storage.

The "SSORT" subroutine should be used if you have a small number of
strings to be sorted (<15) or if memory usage is to be kept to a minimum.
This routine will be slightly slower for a large number of strings but the
memory used will be kept to a minimum. Specific speed and sizes are dis-

cussed in the Special Considerations section of each routine.

To run either of these string sorting routines you must have the

Strings ROM in the machine.
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"QSORT" SUBROUTINE

SPECIAL CONSIDERATIONS:

The maximum number and size of strings that can be handled depends
on the size of the calling program. If the calling program in file

32 on page 242 is used, the following limitations apply:

If N is the number of strings in the array and L is the length of
the strings then:

If N is the number of strings in the array and L is the length of

the strings then:
210g2N + L + N + I, * N < 621 on the 6,844 byte machine
21092N + L + N + L * N < 1645 on the 15,036 byte machine

L * N < 2669 on the 23,228 byte machine

NI DI=E DI

2log,N + L + N +

The 31,420 option is not compatible with the Strings-AP ROM.

The speed of the sort is propotrtional to NlogzN where N is the
number of strings in the array. For a small number of array elements
the speed difference between the QSORT subroutine and the routine in
file 34 on page 239 is negligible. With 100 strings of length 20 this
program was approximately two seconds faster (5 seconds vs. 7 seconds)

and with 50 strings about one second faster (3 seconds vs. 4.3).

Thus for smaller arrays you can save considerable space by using the

subroutine in file 34 on page 239.

REFERENCES :

Hibbard, Thomas M. "An Empirical Study of Minimal Storage Sorting",
Communications of the ACM 6 (May 1963), pp. 206 - 213.

Shell, D.L. "A High Speed Sorting Procedure", Communications of the

ACM 2 (July 1959), pp. 30 - 32.
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Singleton, Richard C. "Algorithm 347 - An Efficient Algorithm for
Sorting With Minimal Storage", Communications of the ACM (March

1969), pp. 185 - 186.

Scowen, R.S. "Algorithm 271 - Quickersort", Communications of the

ACM (Octcber 1965), pp. 669 - 670.
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"SSORT" SUBROUTINE

SPECIAL CONSIDERATIONS:

1.

The maximum number and size of strings that can be handled depends
on the size of the calling program. If the calling program in

file 32 on page 242 is used, the following limitations apply:

If N is the number of strings in the array and L is the length of the

strings then:

If N is the number of strings in the array and L is the length of the

strings then:

L{l + N) + N < 676 on the 6,844 byte machine

L(1L + N) + N < 1700 on the 15,036 byte machine

NI NI NI

L(1 + N) + N < 2724 on the 23,228 byte machine

The 31,420 byte option is not compatible with thre Strings-AP ROM.

The speed of the sort is approximately proportional to Nl'5 where N
is the number of strings in the array. There is no noticeable dif-
ference in speeds between this sort and the sort in file 33 on

page 237 when N is small. However as N becomes larger the difference
in timing becomes apparent. With 100 strings of length 20 this sort
was approximately two seconds slower (7 seconds vs. 5 seconds) and

with 50 strings about one second slower (4.3 seconds vs. 3 seconds).

REFERENCES :

Knuth, Donald E., Searching and Sorting (Addison Wesley, 1973),
pp. 84 - 87,

Shell, D.L., "A High Speed Sorting Procedure", Communciations of

the AMC 2 (July 1959), pp. 30 - 32.
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INSTRUCTIONS:

Insert UTILITY ROUTINES cartridge with machine on. (Check that the

Strings ROM has been inserted).

Load the file.
a. Type 1af 32
b. Press EXECUTE

Press RUN

When "ENTER 1 "ENTER 2 . .
and is printed:
FOR QSORT" FOR SSORT"
a. Either
Enter 1 to sort by the faster "QSORT" subroutine.
or

Enter 2 to sort by the space saving "SSORT" subroutine.
b. Press CONTINUE

When "NO. OF STRINGS?" is displayed:
a. Enter the number of strings in the array.

b. Press CONTINUE

When "LENGTH OF STRING" is displayed:

a. Enter the length of the strings in the array. (All strings
must be dimensioned to the same length although different
actual lengths are allowed. Therefore, you should dimension
the string array to the longest string expected.)

b. Press CONTINUE

. . th . .
When AS$[I] is displayed, "I" will be the number of the I string in
the array.

th )
a. Type the I string of the array.
b. Press CONTINUE

c. Repeat step 7 until all strings in the array have been entered.

When "CHANGES?" is displayed:
Either
a. Press COMNTINUE if you do not need to make any changes to the

entered data.

" b. Go to step 1l.
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10.

11.

12.

13.

14.

or
a. Enter 1 if you need to make changes.

b. Press CONTINUE

When "STRING NUMBER?" is displayed:
a. Enter the number of the array element to be changed.

b. Press CONTINUE

When "AS[I]" is displayed, "I" will be the number of the string to
be changed.
th .
a. Type the correct I string
b. Press CONTINUE

c. Go to step 8.

"ENTER SUBSET OF

ARRAY TO BE will be printed.

SORTED "

When "LOW BOUND" is displayed:

a. Enter the number of the array element which is the lower bound
for the sort.

b. Press CONTINUE

When "UPPER BOUND" is displayed:
a. Enter the number of the array element which is the upper bound
for the sort.

b. Press CONTINUE

"ENTER SUBSTRING

USED AS KEY " will be printed.

When "LOW BOUND?" is displayed:

a. Enter the number of the character in the string which is the
lower bound for the sort key.

b. Press CONTINUE

When "UPPER BOUND?" is displayed:

a. Enter the number of the character in the string which is the up-
per bound for the sort key.

b. Press CONTINUE
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15.

le6.

When "DECREASING ORDER?" is displayed:
Either

Press CONTINUE if you want to sort the elements. into increasing
order.

or

a. Enter 1 if you want to sort the elements into decreasing order.

b. Press CONTINUE

The sorted string array will be printed.
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"OSORT" SUBROUTINE

This subroutine sorts a string array A$ into ascending (or descending)
order such that AS[K]<{(or>)AS[K + 1] for K=b, b+ 1, ... t - 1,t where
the user can specify the sorting bounds b and t. The sort can use the

whole string or any substring as a key to allow maximum flexibility.

The method implemented is similar to QUICKERSORT by R.S. Scowen
(see references) and has been shown to be among the fastest sorting

algorithms available.

The algorithm partitions the array into two smaller arrays with all
the elements in one array less than the elements in the other. The larger
(in length) of the two arrays is then partitioned by the same method

recursively while saving the smaller segment to be sorted later.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "QSORT" to take advantage of its
capabilities. The results of the sort and any other output is designated
under <OUTPUT>. The user should be aware that the subroutine may alter
variables that he is using in his program and should therefore check the

variables listed under <DESTROYED>.

An example of a typical program which uses this subroutine may be

found in file 32 on page 242.
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PARAMETERS AND VARIABLES USED:

<INPUT>

flg 3

<QUTPUT>

number of elements in the string array

length of the strings (longest string) in array
string array

number of array element where sort should start
number of array element where sort should stop
number of first character of substring used as key
number of last character of substring used as key

set if you want increasing order; clear if you want

decreasing order

N, L, Y, 2, B, T, f1g 12 unchanged

AS [N,L]

<DESTROYED>

v$

sorted array

lower segment bound

upper segment bound

temporary segment lower bound; length of strings
pointer to median of segment int ((I + J)/2)
stack for lower bound of unsorted segments

stack for upper bound of unsorted segments

temporary storage for exchanging element; median value used

for sorting upper and lower division elements in a segment.

temporary storage for exchanging upper and lower division

elements in a segment.
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"SSORT" SUBROUTINE

This subroutine sorts a string array A$ into ascending (or descending)
order such that A$[K]<(or>)AS[K + 1] for k =b, b+ 1, ..., t -1, t
where the user can specify the sorting bounds b and t. The sort can use

the whole string or any substring as a key to allow maximum flexibility.

The method implemented is a shellsort (see references) which uses a
minimal amount of intermediate storage. The ‘algorithm chooses . a compari-
son interval of int(N/2) where N is the number of elements in the array.
All elements separated by the interval distance are put into ascending
(or descending) order. The interval is then halved and the process

repeated until the interval size is one.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "SSORT" to take advantage of its
capabilities. The results of the sort and .any other output is designated
under <OUTPUT>. The user should be aware that the subroutine may alter
variables that he is using in his program and should therefore check the

variables listed under <DESTROYED>.

An example of a typical program which uses this subroutine may be

found in file 32 on page 242.

PARAMETERS AND VARIABLES USED:

<INPUT>

N number of elements in the string array
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L length of the strings (longest string) in array

AS[N,L] string array

B number of array element where sort should start

T number of array element where sort should stop

Y number of first chéracter of substring used as key
z number of last character of substring used as key
flg 13 sét —‘if you want increasing order

clear - if you want decreasing order

<OUTPUT>

N, L, B, T, Y, Z unchanged

As[N,L] sorted array

<DESTROYED>
I secondary loop counter which modifies array such that .
intervals of M are in order.
J loop counter incremented by one to T - 1
K upper bound for sort comparison loop counter (I)
M diminishing increment
TS temporary storage for exchanging strings

240



INSTRUCTIONS:

1. Load your program into memory. The program should set up all neces-
sary parameters (N, L, A$[N,L}, B, T, ¥, Z, flg 13) to be passed to

the subroutine.
2. Insert UTILITY ROUTINES cartridge.

3. Load the file.
a. Type ldf 33, N, M (for "QSORT")
or type 1df 34, N, M (for "SSORT") where:

N

line number where the first line of the subroutine should be

loaded into memory.

I

M line number where execution is to begin after subroutine is

loaded.

b. Press EXECUTE
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ANNOTATED LISTING:
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ANNOTATED LISTING:

138 ene "LOH
BOUHDY a3 iv Enter the lowest character number that is
Flei?ic.f‘a 13 used as sort key
St o+l
et ene "UFFEFR
BOUMOY " s 251 Enter the highest character number that is
flal3icta 13: used as sort key
ato +E
1V cofa 13izec -
Sienr "DECRERSI Enter 1 if you want to sort in decreasing
MG OREOERET"S1 oxder
18 if JI=Ziato +
13 aszbh "GIORET™ Branch to appropriate subroutine
2R ato +2
al: azh o
LN E N
prt e
AREAY--"1zrc Print sorted array
23 pri AFLITS
dwp [I4121015H
247 =zpo diend
BT
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ANNOTATED LISTING:
QUICK SORT

T$ and V$ are used for temporary storage .

Compute maximum amount of storage needed
to hold the unsorted segment stack

Initialize stack pointer and segment bounds

bt un

Find median value

Compare low bound to median

Switch if low bound greater than median

Compare high bound to median

switch if high bound smaller than median

Compare new median to lower bound

Switch if new median smaller than lower bound

Compléte upper and lower segment switch

o | di e G by ose

Is this upper segment element larger than

median?
Begin switch

Find element in lower segment to switch with

% o _ Put smaller of upper and lower segments .on
Pa i : the stack to be sorted later

Pop segment from stack to be sorted .
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ANNOTATED LISTING:

ais if J-Ix11% If more than 11 elements in segment repeat
ato ~-Lle sorting process on that segment
22y if I=Brato - SINKING SORT

iz If 11 elements or less are in the segment
238 sto +2 use a sinking sort method
248 T+1=+1
228 1f I=Jdyato - If sort is finished pop another segment off
£ the stack
Z2ei RAELI+L112T7%:

if AFLIY:E21 4= Compare .(I+l)St and 1" element in segment
FLVaZliato -2
27: I=L
28y RAFLLI=RFIL+ Shift element up

11iL-1=+L
298 if T#IV:Z34A

FllLeWeZliato -1 Complete switch
sE: TE+AF[L+1]3

ato -6
Al 1t flalss

Fet If flg 13 is set, switch the order of
22y BHINTSJ all elements in the sorted array
3E: 1f Ix=ldiret
24 RAFLII+TH:

AFCII+A$II]:

TE+R$FLII5T+1+13

J=1l+listo -1
#122E
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ANNOTATED LISTING:

SHELL SORT
B: TSEOET MM T$ .used as temporary storage for switch
dim TELL]
I: i+ fipt (M7 Halve comparison interval; if zero branch
2l+Mi=gsato +8 to finish
2i T-MeEiRsd Set bounds for sorting
e
i 1f HAELI Y Compare elements AS[I] and AS$[I+M]
S14=RELI+MsYs
sliata +3
of HMELLI=TESHELDT
THIFAFLIT: TE+AE Switch elements
LI+MIs I-M+i
gf i Is=Breto - Check previous interval if possible
=
Feoif Ld+isxdiEs Check if end of interval for this pass
Lo ~&
SEoato ~5
HEo1f flalZsiret
id: Bl Ted If flag 13 is set reverse the order of
i iy Ir=ldiret the complete sorted array
12y As{I1+T%:
AEl f1+AR$L11:
TE»AFLIIFI+1+13
J=1+Jdsste -1
¥ 3234

246



Array Sort On Row Or
Column Index

FILE 35 DRIVER

FILE 36 SUBROUTINE "ISORT"
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@] HEWLETT- PACKARD @) HEWLETT- PACKARD (@] HEWLETT- PACKARD

(%] HEWLETT- PACKARD

Array Sort On Row Or
Column Index

This program will sort a user specified row (or column) of an array

and permute the elements of the other rows (or columns) to agree with the

sorted row (or column). The user can also specify whether the sort

should be increasing or decreasing.

The program requests all necessary information, calls the subroutine

"ISORT" in file 36 on page 256, and prints the sorted array.

SPECIAL CONSIDERATIONS:

1. The maximum number and size of arrays that can be handled depends
on the size of the calling program. If the calling program in
file 35 on page 260 is used, the following size limitations apply:
If N is the number of rows and M the number of columns then:
N*M + 2T < 631 on the 6,844 byte machine
N*M + 2T < 1655 on the 15,036 byte machine
N*M + 2T < 2679 on the 23,228 byte machine
N*M + 2T < 3703 on the 31,420 byte machine
Where T = M if sort by row and T = N if sort by column.
. . . 1.5
2. The speed of the sort is approximately proportional to N where N
is the number of elements in the array. An example with 60 elements
was sorted in approximately one second.
REFERENCES :
1. Knuth, Donald E., Searching and Sorting (Addison Wesley, 1973),
pp. 84 - 87.
2. Shell, D.L., "A High Speed Sorting Procedure", Communications of

the ACM 2 (July 1959), pp. 30 - 32.
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INSTRUCTIONS:

1.

10.

Insert UTILITY ROUTINES cartridge with machine turned on.

Load the file.

a. Type 1df 35
b. Press EXECUTE
Press RUN

When "DECREASING SORT?" is displayed:

Either

a. Press CONTINUE if you want to sort into increasing order .
b. Go to step 9.

or

a. Type gto "L" if you want to sort into decreasing order .
b. Press EXECUTE

Press STEP

Fetch the line.

a.

b.

a.

b.

Cc.

Observe the number in the display and press FETCH followed
by that number.
Press EXECUTE

"L": if AlrW, rXx] <

Il

AlrY, rZ]; gto + 4' will be displayed:
Move the cursor to the "<" character.

Enter ">" (the ">" symbol should replace the "<" symbol in the
display) .

Press STORE

Continue execution

a.

Type cont 2 (you must type the word "cont" character by

character rather than pressing the CONTINUE key).

"MATRIX A" will be printed.

When "NO. OF ROWS?" is displayed:

a.

b.

Enter the number of rows in the matrix.

Press CONTINUE

When "NO. OF COLS?" is displayed:

a.

Enter the number of columns in the matrix.

250




11.

12.

13.

14.

15.

16.

17.

b. Press CONTINUE

When "A[I,J]" is displayed, "I" and "J" will denote the row and
column number of the next element to be entered.

a. Enter the value of the element in the Ith row and Jthl column.
b. Press CONTINUE

c. Repeat step 1l until all matrix elements have been entered.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE , if you do not want to make changes to the
entered data.

b. Go to step 16.

a. Enter 1 if you need to make changes.

b. Press CONTINUE

When "ROW?" is displayed:
a. Enter the row number of the element to be changed.

b. Press CONTINUE

When "COLUMN?" is displayed:
a. Enter the column number of the element to be changed.

b. Press CONTINUE

When "A[I,J]" is displayed:

th th
a. Enter the correct element for the I row and J column.
b. Press CONTINUE

c. Go to step 12.

When "ROW OR COL INDEX" is displayed:
a. Enter the number of the row or column which is to be the index
for the sort.

b. Press CONTINUE

When "SORT BY ROW?" is displayed:

Either

Press CONTINUE , if the index to be sorted is a column
or

a. Enter 1 if the index to be sorted is a row.

b. Press CONTINUE
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18. The sorted matrix will be printed.
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DATA EXAMPLE

STUDENT NUMBER AGE YEAR HEIGHT (INCHES) GRADE
034206864 19 3 61 90
127635124 20 4 58 95
329876410 18 3 54 83
921764444 20 4 63 72
642971302 19 2 60 65
544987713 18 2 57 81
224100618 21 4 60 91
421110677 21 4 59 60
597799011 19 3 66 75
123498210 18 2 60 89

The data can be entered into an array A[10, 5] and sorted by any

column desired.
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"ISORT" SUBROUTINE

This subroutine will sort a user specified row (or column) of an
array and permute the elements of the other rows (or columns) to agree
with the sorted row (or column). The user can also specify whether the

sort should be increasing or decreasing.

The method implemented is the shellsort (see references) which uses
a minimal amount of intermediate storage. The algorithm chooses a compari-
son interval of int(N/2), where N is the number of elements in the array.
All elements separated by the interval distance are put into ascending or
descending order. The interval is then halved and the process repeated

until the interval size is one.

When used as a subroutine, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutine to his program and use gsb "ISORT" to take advantage of its
capabilities. The results of the sort and any other output is designated
under <OUTPUT>. The user should be aware that the subroutine may alter

-variables that he is using in his program and should therefore check the

variables listed under <DESTROYED>.

An example of a typical program which uses this subroutine may be

found in file 35 on page 260.
PARAMETERS AND VARIABLES USED:
<INPUT>

N number of rows
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A[N,M]
r0

flg 13

<OUTPUT>

N, M, r0,

A[N,M]

<DESTROYED>

number of columns

matrix to be sorted

number of column or row to be used as index

set

- if sorting a column index

clear - if sorting a row index

flg 13

unchanged

matrix sorted on index r0Q

loop index, register index of 2 if sorting by columns or

1 if sorting by rows.

counter from one to K; register

index of 2 if sorting by

rows or 1 if sorting by columns.

number of elements in a row (or

size.

N if
Mif

M if

N if

size

Used as

sorted by
sorted by

sorted by
sorted by

column) minus the interval

a terminator for comparison loop.

columns (number of rows)

row (number of columns)

row (number of columns)

columns (number of rows)

of interval of comparison

temporary storage for exchanging elements

0
1

if
if
if
if
if
if

sorted by
sorted by

sorted by
sorted by

sorted by
sorted by

YOows

columns

columns

rows

Yrows

columns

257



P[]

Ql 1

rl

r2

r3

rd

0 if sorted by columns

1 if sorted by rows

permutation vector which indicates the rearranged order

of index vector

temporary storage for row (or column), used during the

application of permutation vector to array.

loop counter for row (if sorting by columns) or columns
(if sorting by rows). Used in sorting section and permu-

tation section.

rl plus interval size in comparison section. Loop counter
for columns (if sorting by columns) or rows (if sorting

by rows).
row subscript

column subscript
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INSTRUCTIONS:

1. Load your program into memory. The program should set up all neces-
sary parameters (N, M, A[N,M], flg 13, r0) to be passed to the sub-

routine.
2. Insert UTILITY ROUTINES cartridge.

3. Load the file.
a. Type 1ldf 36, N, M where:

N = line number where the first line of the subroutine should
be loaded into memory.
M = line number where execution is to begin after subroutine is

loaded.

b. Press EXECUTE
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ANNOTATED LISTING:
DRIVER - ARRAY SORT
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ANNOTATED LISTING:
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AN ... LISTING:
SUBROUTINE ARRAY SORT
B "ISORET":if
flalilsbexsSs Sort by columns - rX and rZ become r0 which
He+s+Sif+Riato + is the column index
17 HelleyripensSi Sort by row - rW and rY become r0Q which is
M+ the row index
S0 oo PLoleis] P[] is the permutation vector initialized such
Se IsPLIZE dmm that P[I]=I
[I+1ls1) il
48 17 limbiSs S 1s interval size. 1f size 1s zero, branch
SieSiz=giata +11 to permute section to sort the rest of the matrix
S TN K 1s upper bound of comparison intervals
oAl
TEopl+Sartsif rl and r2 index the row or column elements
figsisilslesys to be compared
ato +7
R e
S "Ly i RIvis
Fela=sAlrYs el Compare two elements
ato b4
I8 PLrpl+51+Ts
Flrid+FPiri+S1s Update permutation vector
T+FLrild
Lis ALrMsrsl=+Te
Flrisvrdl+RIvrids Switch elements
Fel i T+RIrYsrils
Fl-S9rl Decrement interval index
1o 3§ piv=1i If possible compare switched element with
ate -5 previous one
Loas ol lediyk
faty o Continue until interval size is 1
1d: atg —5
ot Herlerdsding
QLT PERMUTE REMAINING ELEMENTS
les if flalds Q[] used for temporary storage in switch
Sdelilediato 2
L7 lalage
18 i+ (ri+l=rln Row or column index (row if sorting by rows)
AR ret
15 1§ pil=r0s If row (or column) = index, don't permute
ato ~1
SEE 1 F TrEeler2d Row or column index (column if sorting by rows)
CHiEsrSiato —0
21 iF Fle2li=¢2s If permuted value same as orginal don't permute
z ; FILe2dlar2s If permuted value less than index copy tem-
0D O REL IS porary storage into array in corxrrect place
Filiste -7
SEr Hirlsedl=glr
21514 Flaiss Copy array element into temporary storage
Fliridsrairdsrds for later use
St
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ANNOTATED LISTING:

Copy permuted value into correct position

24: PLrJl+rdg:
FI=+rs

25 Alr3srd4l+ALr
Inrdlsatno -5

#1145
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Output Buffer For Plotter

FILE 37 DRIVER
FILE 38 SUBROUTINES "BUFFER", "SAVE"
FILE 39 DATA FOR DRIVER IN FILE 37
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@3 HEWLETT- PACKARD

(@) HEWLETT- PACKARD

(@] HEWLETT- PACKARD

@) HEWLETT- PACKARD

Output Buffer For Plotter

This routine will create an output buffer for the plotter to allow

overlap in computation of the points to be plotted and the plotting of
the points. The routine initializes the buffer by calling the subroutine
"BUFFER" in file 38, computes the points to be plotted and calls the

subroutine "SAVE" to enter the points into the buffer.

Although the points can be computed in various ways, this example
simply inputs the triplets (X, Y, P) and stores the resultant data on a
cartridge file. The user could already have a data file filled with
points or more likely, he could compute the points during program execution.
The data file is then loaded back into the machine memory and the indi-

vidual points are massaged before being entered into the buffer.

After all the data points have been entered into the buffer the pro-
gram will not end until the plotter has emptied the buffer. The program

could be performing other computations while the buffer is being emptied.

The user determines the size of the buffer used and can adjust the
size if he finds that the buffer is usually full or empty. The full or
empty buffer state can be determined by observing how often the message

"BUFFER FULL" appears in the display while the program in running.

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES:

1. The maximum buffer size and number of data points plotted depends on
the size of the calling program. If the program in file 37 is used

then the following limitations hold:

If K is the number of triplets (xi, yi, pi), i=1,K and N is the

size of the buffer then:

267



K + N < 232 on the 6,844 byte machine
K+ N < 1256 on the 15,036 byte machine
K + N < 2280 on the 23,228 byte machine

The 31,420 byte option is not compatible with the Extended I/O ROM.

The Plotter, General I/0 and Extended I/0O ROMs must be in the
machine and all necessary initialization of the plotter itself
should be completed before the program is run (e.g., lower left,

upper right, axes, scale, etc.).

"BUFFER FULL" indicates that the program has filled the output
buffer and the plotter is busy. If this message appears often, the

buffer size should be increased.

"WAITING FOR PLOTTER" indicates that the program has put all the
data into the buffer and is waiting for the plotter to empty the
buffer.
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INSTRUCTIONS:

1.

10.

Perform all necessary plotter control operations (see Plotter Control

Manual) .
Insert UTILITY ROUTINES cartridge with machine on.

Load the file.
a. ‘Type 1df 37

b. Press EXECUTE
Press RUN

When "NO. OF POINTS?" is displayed:
a. Enter the number of data triplets (X, Y, P) to be plotted.
b. Press CONTINUE

’ th
When "X[I]" is displayed, "I" will correspond to the I data point.
t
a. Enter the X coordinate of the I h data point.
b. Press CONTINUE

When "Y[I]" is displayed:

. th .
a. Enter the Y coordinate of the I =~ data point.
b. Press CONTINUE

When "P[I]"is displayed:

t
a. Enter the pen control for the I h data point.
b. Press CONTINUE

c. If more data points are to be entered, go to step 6.

When "CHANGES?" is displayed:

Either

a. Press CONTINUE if you do not want to make any changes.
b. Go to step 14.

or

a. Enter 1 if you need to make changes.

b. Press CONTINUE

When "DATA TRIPLET NO?" is displayed:
a. Enter the number of the data point to be changed.
b. Press CONTINUE
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11.

12,

13.

14.

15.

When "X[I]" is displayed, "I" will be the data point number to be
changed.
a. Enter the correct X coordinate.

b. Press CONTINUE

When "Y[I]" is displayed:
a. Enter the correct Y coordinate.

b. Press CONTINUE

When "P[I]" is displayed:

a. Enter the correct pen control parameter.
b. Press CONTINUE

c. Go to step 9.

When "SELECT CODE FOR PLOTTER" is displayed:
a. Enter the select code for the plotter.
b. Press EXECUTE

The data points will be plotted.
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SUBROUTINES FOR BUFFERED OUTPUT TO PLOTTER

This set of subroutines creates an output buffer for the plotter to

allow overlap in the computation of the points to be plotted and the plot-

ting of the points.

The "BUFFER" subroutine creates the buffer, initializes the pointers
to indicate that the buffer is empty and sets up a call on the "PLOT" sub-

routine whenever the plotter is ready to plot a point.

The "SAVE" subroutine will insert a data point into the buffer if the
buffer is not full, or it will wait until the plotter removes a point if

the buffer is full.

The "PLOT" subroutine plots a data point from the buffer whenever

an interrupt from the plotter occurs.

When using these subroutines, all parameters specified under <INPUT>
must be assigned in the user's calling program. The user may then append
the subroutines to his program and use gsb "BUFFER" and gsb "SAVE" to
take advantage of their capabilities. The user should be aware that the
subroutines may alter variables that he is using in his program and should

therefore check the variables listed under <DESTROYED>.

An example of a typical program which uses these subroutines may be

found in file 37 on page 277.
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PARAMETERS AND VARIABLES USED:

<INPUT>

r0

<QUuTPUT>

<DESTROYED>

B[N, 3]

<INPUT>

B[N, 3]

"BUFFER" SUBROUTINE

size of buffer (maximum number of points that can be

stored in the buffer)

select code for plotter

pointer to location where next data point will be stored.

pointer to location with next data to be plotted (when
F=R the buffer is empty and the interrupt from plotter is
disabled).

the buffer for N data points.

"SAVE" SUBROUTINE

size of buffer

pointer to location where next element is to be inserted

into buffer

pointer to location containing next element to be plotted
output buffer where N is the size of the buffer
x-coordinate of data point

y-coordinate of data point

pen coordinate for data point
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xr0 select code for plotter
<QUTPUT>

B[F,1}, B[F,2], B[F,3] contain X, Y, P respectively

F incremented by 1 modulo N and

interrupt from plotter enabled.
<DESTROYED>

B[F,1}, B[F,2], B[F,3] the original contents are replaced by X, Y,

P respectively

275



INSTRUCTIONS:

Load your program into memory. The program must

sary parameters (N, X, Y, P) to be passed to the

Insert UTILITY ROUTINES cartridge.

Load the file.

a.

Type

1df 38, N, M

where:

N = line number where the first line of the
be loaded.

M = line number where execution is to begin

loaded.

Press

EXECUTE

276

set up all neces-

subroutines.

subroutine should

after subroutine is




ANNOTATED LISTING:

BUFFERED OUTPUT TO PLOTTER

4 '3’5f:':?_’f‘ 133 Degree measure used for angles; load the
ldf 38.22s1 subroutine
i enm "HO, OF
POIHTE?" s K14
flaliicfs 134 Enter the number of data points to be
Fto +H plotted and dimension the X,Y and P arrays

N
an
=1 L
e
et o

=

-
Lt py
Led

Bl
s PLET 1135 2py
e ALI115 14
flesllscfa 133
ato +H
i ene YLIliif
flalZicfe 133 Enter the data triplets (X[I], Y[I], P[I])
Sto +8 where (X,Y) are the coordinates and P
2f oene PLITGi¢ is the pen control
flaldscta 133
ato +&
E: if (I+1+10 4=k
iEpc 9t -3
i ozpo iofs 133
enp "CHAHGEST".
ITizpo 3iF flsis
sato +5
2d enp "OHTH
TRIFLET HO%"s 13
spoc o3 if fFlalis
cfa Ldssto +4 Make any necessary .changes
91 oene ALITs1f
flalZsctfs 133
gt +H
1a: ernp Y¥ILI1s5if
fleaizicfs 133
ato +8
11: o¥a 13ienm
FLIIlisto +8::if
pot flslifzec

-]
127 en SELELT

CODE FORE FLOTTE

Ererdsif flalds Enter the select code for the plotter
cfs 13s9to 46

138 rof 39k HL0#

Ta sl ix] Recard the entered data on a file
Id: enp "HUFFER

SIZET"sHiif

flaliicya 133 Enter the size of the output buffer
ato +E

158 =sk "BUFFER" Branch to the buffer set up subroutine
16 1ot Z%skauD#

Jaielaplelal=s]l Load the data
17: HlIY%=aY[I1=

YAaPLII+F
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ANNOTATED LISTING:

= oa - . "om e ;I "
lj—': deu ~_~'H j’lE. i Put one data triplet into buffer
1 :' H i E"r'i'-*l b= Get next data triplet
] -z
28 FiRE:dsr

:Z
-
P I B S
R L B B o B o T

df IMG FOE If F#R the buffer is not empty yet
FLOTTER"istao +0@
o1 POTRERE
plt 3.9 -1s85
bl "VICIOUS
CIRCLE" srentend
Fodo9
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ANNOTATED LISTING:
SUBROUTINE - BUFFERED OUTPUT TO PLOTTER

BUFFER SET UP

g "BUFFER":dim F and R are the input and output pointers.
BlOsH-1s3181sF= Disable interrupt from plotter initially.
FEigir rds@ Set up interrupt branch to plot subroutine.

13 ani rB"PLOT"

Pret

2 "SHVE":1F 1+ FILL BUFFER
FlumodH=R:idzr
"BUFFER FULL": Check if buffer is full. Wait until a
Fto +8 point is plotted.

33 dze 2 HABLF Put data triplet into buffer. No interrupt
11+ +BLF-2]s can occur until whole line is executed.
FeBIF-315 01+
FlmodH+F

4: gir rBiyret Enable the plotter interrupt.

2 "FLOT"imlt
EiR11sBLR23 s Plot the next available point in the buffer
ElRE:2313 (1+F)mod
M+

£, i¥ F#Rieir 8 Enable interrupt unless the buffer is empty.
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»  Ssection3

PLOTTING AND TEXT-GENERATING -
ROUTINES FOR THE 9871A .

 PROGRAM L . FILES

Plotter Subr&ﬁtinesrfor 9871A - 40°
-Texﬁ;Generating Subroutines'for 9871A - 41
Plotting Pfdgxam‘Exaﬁplé l : .42
Text—Generating Progtam_Example 2 _ 43
Plotting Program Example 3 c _ ‘ 44

All files are on track O
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INTRODUCTION

This set of subroutines allows the 9825A desk top calculator to
drive the 9871A printer. With this implementation, plotting,tabbing,
axis drawing, etc., are accomplished via subroutine calls such as cll 'plt',

cll'tab', cll 'xaxis', etc.

The subroutines are divided into a file for plotting routines and
a file for text-generating routines. The purpose of this dichotomy is
to save memory space. The routines that can be used in either plotting
or text printing are included in both files. The files can be combined
into one all-purpose file or can be edited by deleting routines which

may not be used by your program. The loading and editing procedures are .

elucidated in the LOADING INSTRUCTIONS section.
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PROGRAMMING HINTS

To achieve faster execution of your program, you can load the most
frequently called subroutines into the beginning of memory with your
program loaded after these. Then if you insert a "gto" statement
which branches around the subroutines, you can RUN your programs as
if they were located at the beginning of memory. The program will
execute faster because labels are searched for sequentially from

the first line of the program.

If these subroutines are modified or if other subroutines are added

to the files, be sure that the formal parameters (pl, p2, ...) are
not modified. Because variables are passed by reference, a modifi-
cation of the formal parameter may alter the value of the actual para-

meter used in the calling program.

There are certain global variables that are used by several subroutines
in the plotting file which must not be altered by the user's program.
These variables (X, ¥, U, V, H, W) are used to convert user units to
plotter units and must remain unchanged throughout your program. The
subroutines which require these global variables can be determined by

looking at the 'Variables Used' section of each subroutine explanation.

Before using any of the subroutines, the user's program must set

r0 to the select code of the 9871A.

Because of the nature of incremental plotting devices, successive use

of iplt, fiplt and imove commands may cause noticeable round-off errors.
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READING THE MANUAL

Although most of the conventions used in writing this manual are
self-explanatory, some clarification may be helpful. A short description

of each of the major subdivisions of the subroutine explanations follows:

CALLING SYNTAX:

1. cll is an actual 9825A command which calls the subroutine indicated

by the name in single quotes.

2. Parameters passed to the subroutine are enclosed in parentheses and
separated by commas. Optional parameters are enclosed in square

braces [ ].

EXAMPLE:

The example indicates an actual 9825A instruction that could be used in

a program.

VARIABLES USED:

1. This section is divided into three parts:

a. <INPUT>
All variables listed under input are those that are required by
the subroutine. These variables can be local (pl, p2, p3, etc.)
or global (any legal variable). Local variables are assigned
values from the actual parameters in the order pl = first actual
parameter, p2 = second actual parameter, etc. Global variables

will retain their value throughout the program and may be modified
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by any statement in the program.

b. <DESTROYED>

The only variables listed here will be global variables whose

values are chdhged by the subroutine. Any variable listed here

should not be used in the main program.

C. <QUTPUT>

Variables listed under <OUTPUT> have been computed by the

subroutine to be used by other subroutines. All these variables

will be global.

SPECIAL CONSIDERATIONS:

Any limitations, side effects, or helpful hints are listed here.
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LOADING INSTRUCTIONS

These instructions are divided into several sections depending on

how you want the subroutines loaded. All subroutines require the General

I/0 ROM and the AP ROM, and are recorded on track 0 of the tape.

Instructions to load either the plotting subroutines (File 40) or

the text subroutines (File 41) after your program.
1. Load your program, which uses the subroutines, into memory .

2. To load the appropriate file (40 or 41) into memory immediately

after your program:

a. Determine the line number that would come immediately after
your program.
b. Type 1df A, N where:

A the file number to be loaded (40 or 41) and

]

N

the line number determined in step a.

C. Press EXECUTE

3. Your program is now ready to run.

Instructions to load both the plotting and text subroutines (File 40

and 41) after your program.
1. Load your program, which uses the subroutines, into memory.

2. To load the plotting file (File 40) into memory immediately after

your program:

a. Determine the line number that would come immediately after

your program.
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b. Type 1df 40, N where:
N = the line number determined in step a.

c. Press EXECUTE

3. Load text file (File 41) into memory, overlaying the duplicate

subroutines as follows:

a. Determine the line number of the "space" label. This can be
computed in either of two ways. You can fetch various lines
into the display until you find the label or you can add 64
to the last line number of your program.

b. Type 1df 41, M where:
M = the line number determined in step a.

c. Press EXECUTE

Instructions to load your program after either the plotting subroutines
(File 40) or the text subroutines (File 41) with a gto branch around

the subroutines. (See Note)
1. Record your program in a file to be loaded later.

a. Type rct F where:

F = the file number to which you are recording your program

b. Press EXECUTE

2. Store a gto + N to branch around the subroutines where N is
109 if file 40 is to be loaded, or N is 83 if file 41 is to be
loaded.

a. Press FETCH

b. Press EXECUTE

c. Type gto + N where N is 83 or 109
d. Press STORE

3. Load File 40 or File 41l.

a. Type ldf a, 1 where:
A = 40 for plotter subroutines file or 41 for text subrou-
tines file.

b. Press EXECUTE
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4. To load your program after the subroutines:

a. Type 1df A, N where:

A = the file number where you stored your program in step 1.

N = 110 if file 40 was loaded in step 3 or 84 if file 41
was loaded.

b. Press EXECUTE
5. Your program should be ready to run.

Note: If the loading instructions described in C are used, then the user
program must not contain any statements referencing absolute line

numbers.

Instructions for deleting subroutines that are not needed.

1. Load the program and appropriate file or files of subroutines
into memory. You can use the instructions in parts A, B, or C

to do this.

2. Determine the first and last line numbers of the subroutines to
be deleted (the first line number will always be the label and
the last is usually a ret instruction). The line numbers can
be determined by listing the program or by fetching memory

locations into the display.

3. Beginning with the last (highest line numbered) subroutine, do
the following (if you don't start with the highest line number,

all successive line numbers will be altered).

a. Type del A, B where:

A = the first line to be deleted and
B = the last line to be deleted
b. Press EXECUTE
c. Repeat step 3 until all extraneous subroutines are deleted.
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INDEX OF SUBROUTINES

FILE NUMBER SUBROUTINE NAME PAGE
40 char 301
41 chtab 303

40,41 cspc 305
41 cvtab 307
40,41 form 309
40 fiplt 311
40 fplt 313
40 : imove 315
40 iplt 317
40 nove 319
. 40 plt 321
40 psiz 323
40,41 ptyp 325
40 scl 327
41 setlm 329
41 shtab 331
40,41 skip 333
40,41 space 335
41 svtab 337
41 tab 339
40,41 view 341
40 xaxis 343
40 yaxis 345
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SUBROUTINE

DOCUMENTATION AND EXPLANATION
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ANNOTATED LISTING:

FILE 40 (Plot Routines)

g Mwmoue move .
1t wibh r8s27:65;,
int ({pl-Hills pl is horizontal coordinate in user units
Edls it Ll p2 is vertical coordinate in user units
sllbisintiip2-
TIMASadleintiip? Convert from user units to plotter units
=Y with scaling factor and move to coordinates
27 ret
3 MimoueT: imove
1 with rBrZ27T82 pl is horizontal distance in user units
imt (plidsadls p2 is vertical distance in user units
intipildlisint ip2
Veogd s int (p2i) Convert from user units to plotter units and
5 ret move distance specified
o TRelt e plt
Fiowth rAs 2785
intiipl-Bils pl is horizontal coordinate in user units
gdlsint [ (pl- p2 is vertical coordinate in user units
Aillisint [ (p2-
YiMesedlsint i IpE Convert from user units to plotter units and

=514 move to coordinates

2% 1f pi=@idErpd Default value for character is decimal point = 46
i 1f pE=diinth
FAA T B0 s B If decimal point, shift to center the character
£
I wth rd.p3s Print specified character
wih rids2 .
11s if mo=d483 If decimal point, shift back
wih rEsZF 32 B
Behds ~F
128 ret
13 "fplt™i fplt
1d: wih rBs27s
AT imt (ipl-¥iis pl is horizontal coordinate in user units
Edlsimt L ipl- p2 is vertical coordinate in user units
AlUleint {ipd-
YIVsELT s it [ ip2 Convert from user units to plotter units
-4 and move to coordinates printing f£i1l character
15 if pIi=zQidé+p Default wvalue for character is decimal point = 46
S
1ef if pi=des If decimal point, shift to center the character
wilh rAs 27 320G
Hala g
17y wibh rEsp3i Print the specified character
Wit rE 2
I2: if mi=dn:
WLl rEs 2722080 If decimal point, shift back
B =5
198 ret
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ANNOTATED LISTING:

2E: “ipltU: iplt
218 wibh r@:27s
Szyint ipllsed) ! pl is hoizontal distance moved in user units
lllr:"_i_' .[ Ll E : 1""t Ij‘-‘: s p2 is vertical distance moved in user units
Lo &d ] rint LRy Convert units and move the specified distance
ol 1t po=gidose Default value for character is decimal point = 46
=
Z23% 1f ?:':5“‘4‘.3?1 ) If decimal point, shift to center the character
Wik rEs 27820 G
Brls &
24: wib r@sp3s Print the specified character
Wik rEs @
23% if m3=46s If decimal point, shift back
Wt rEs 7220
Bsgld:—o
26 ret
27T "fimlutu fplt
28 wib r8:27s
lldsint (plls pl is horizontal distance moved in user units
Bdlsint (pLllls p2 is vertical distance moved in user units
3:-‘"’ £ ';F'l?"-" -:"'543 s Convert from user to plotter units and move
inel F_"cf"-" ! the specified distance
2598 1f pIi=Gidese Default value for character is decimal point = 46
3‘
2B i p3=46s If decimal point, shift to center the character
Whh rEs 27 s 8208
Hafisi
318 wth r@se3s Print the specified character
Wwib rEs 2
32s if p3=46s If decimal point, shift back
Wwibh rEs 27 B2 By
Bs&ds -6
a3 [
2dr "char” char
:35:_ 11i pIZ=E33+pd Default values for spacing and vertical offset
sER3 are 5 and O respectively
Joi Wik rds27s
desmlsint (p2Y Specify the fill character
cdlsplapld
37 ret
28 "psiz"T: psiz
B89 plaHipZ2sl Height (H) and width (W) are saved for later
488 wth rBs27s use
Faipt ipdxl 20 Convert from user units to plotter units
EdlepdsifB:sint i and specify the plot size
PEEYHE A4 p 335 p3 and p4 are lower left margin offsets
41: ret
427 YaplTe scl
438 128Uy ip2- U is the horizontal scale factor
pll+l
44: QEHA I pd-p3l 2 V is the vertical scale factor
I‘.‘]

plediplisy Save the minimum X and ¥ values for later
=R use with plotting commands

B S =
ol
=
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ANNOTATED LISTING:

473 WaEls
481 wilb v
40355895
491 17 pIi=@
pd=fiE+nd;
1z@tirids+pd
SET i pZ=g

(1]
P e
et et P 0] R a0 w8 [4l fu es

T T

W [ se
-]

i

+

i
of
I

Xaxis
"-" becomes the fill character

Default values for bounds are ninimum and
maximum values on xaxis

Default value for tic interval is (max - min)

Move to minimum value on xaxis

-
PG AL p5 is tic interval counter
FEdd itk rBs S Print a "+" and backspace
53T owitbh r8s 27
lidsimt ip2ls Fill plot to the next tic
Edlapdids 883
Wil v ENPE A Print a "+" and backspace
TR LRt Increment tic counter and test for end of
RE*RS 4 xaxis
Sd3 1
25 7 yaxis
THDout T
e} Ei "|" becomes the fill character
ET: 3 and " Default values for bounds are the minimum
pag=mey ¥+ and maximum values on the yaxis
GaHo Y epd
ESr if mri=Hipd- Default wvalue for tic interval is (max - min)
Rl
9% Wtk rEs 27
EEsint {iml-81lls
Edlsimt{inli- Move to minimum value on yaxis
sildtsint {{pd-
Yivesadisint (el
— ,f li ZI’I! }
o eIdplswti p5 is tic interval counter
FRsdIiuth rH: 8 Print a "+" and backspace
Bli wth rEaE7s
Lids S8 int (g2Y Fill plot to the next tic
fodlam2Viuth
s 43 beor@ Print a "+" and backspace
dmp | Increment tic counter and test for end of
=md yaxis
be: et
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ANNOTATED LISTING:

BE: Yzpacsi space

=43 1f plaBsisto If negative branch to backspace
+2

51 wih rd. Z2 Print a blank
dmp Z2iipl-1l+sl) Decrement number of spaces and test for
=@ stopping condition

BEF mth rEs S Backspace
dee Ipl+lspli=d Increment number of spaces and test for

E7: ret stopping conditions

BED TshipTi skip

f9: if plidiiatae If negative branch to reverse line feed
+

THY wibh r@s1l8:f Line feed
drp Zlipli-1l3ell Decrement number of line feeds and test for
=@ stopping conditions

Fle wibh rE.ZVs Reverse line feed
18sdmpe ipi+tlsrl Increment number of reverse line feeds and
V=0 test for stopping conditions

F2: ret

Far ToEpoi cspc

i if pZs@icepZ Default value for lines per inch is 6

oy owth rEIZTs
SR it (95 R3S Convert to plotter units and specify lines per
EdlaSEsml inch

FEd: 1§ micg@suth If horizontal spacing is negative, implement
PRy E27V s BEs ret proportional spacing

TPE wth r@sz27s
Fosinmt [12Bs/mls Convert to plotter units and specify number of
E41s1l2Bopl characters printed per inch

FEEoret

T "form”i form

SR wih rBs277T7 Set left margin

g1 wib r@. 2784 Set top of form

223 if pl=8:ii.E Default values are text width = 13.2 and
Fplill+pZspl text length and form length = 11

B30 wib r@.27 Convert to user units and specify text width
BV int (128%pls
BdislZ8Epl

Sdr owth rBs27V Convert to user units and specify text length
TEsint (Yespds
Ed i e ER

BEr wth FH 2V Convert to user units and specify form length
FHeint (95¥p 3
Bl FoER

AR FeEt
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ANNOTATED LISTING:
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ptyp
Read in the character code form keyboard
Check if STOP has been pressed
If code less than 124 branch to line 101

These lines convert 9825A decimal code to
the 9871A plotting code

Print the character and go back for next

e pon
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Wik
sint {ploge
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By
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P, ot

Ex

pl is number of milliseconds before the
platen is advanced for easy viewing
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ANNOTATED LISTING:

FILE 41 (Text Routines)

Lines 0 to 45 are the same

subroutines as lines 63 to 108 of

EFILE 40.

4o: "tabt:
47 if p2=zBiato tab

+d If vertical tab omitted skip vertical tab
48: if p2<Biato section

+2 If negative wertical tab go to line 50
49: wth r@s11:

inp 2 EFE"“l*Fwil Vertical tab down

=] Decrement tab counter and check stopping
SR wth rE 2V conditions

SEYdpp ipZ4lapl Vertical tab up

I=a Increment tab counter and check stopping
Z1l: if mi=@il=srl conditions
J2% 1t elaBssto Default for horizontal tab is one

. + 2 If negative horizontal tab go to line 54

B3 otk rEa3i

dmp 2iipli-1+m1) Horizontal tab right

=i} Decrement tab counter and check stopping
B4 wth vB 27 s conditions

SZvdme irl+lsml Horizontal tab left

=i Increment counter and check stopping
S50 et conditions
6% "shtab”
a7 delruth i'Ei.- shtab

1= I is counter for number of tabs set
B2 if pil+li+ll= Execute carrier return

E s rET Increment the parameter number and test for
BO: gtk vl 2V the last parameter

E:E!‘s.nt i.j.EE’F:‘I th

Fdl s 128l 08:8 Move to the position specified for the I
SR with rH.aF7a449 parameter
BFle wth rBa.13s Set the horizontal tab

th rEsi@sato -

(]

Carrier return and branch back to get next
parameter
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ANNOTATED LISTING:

O oae

Eg ; chtab .
H I is counter for number of tabs cleared
If first parameter is negative, clear all tabs

Carrier return
Increment the parameter number and test for

,.—-L '_.:
e
—t
it

2 the last parameter
FL th
o Ba [ Move to the position specified by the I
Y Y 27 5A parameter
- u b 133 Clear the horizontal tab
Wil @ Fta - Carrier return and branch back to get next tab
S Tautob svtab
YEI Galidle+diwth I is counter for number of tabs set
FEe 1F Form feed
Fle i¥ mil4isTl= Increment the parameter number and test for
i ret the last parameter
ey owth rHel1GE Line feed
Jmp [+l dlep] Continue line feeds until parameter size exceeded
FEAE otk rEeFT53 Set wvertical tab
Far o owtkh rGe 27 Reverse line feed
I@&sdge =300 0= Continue reverse line feed until you get back
1=+ d1=11 to top of form
TEL "rogtok U cvtab
TR Dxlsi+diuth I is counter for number of tabs cleared
FHa 12 Form feed .
Tre 1% mild@iutin If first parameter negative, clear all vertical
B 27358 ret tabs
YE: if pil+i+lr= Increment parameter number and test for the
Aipret last parameter
FEI owth rBs 16 Line feed
dpp td+lsdise] Continue line feeds until parameter size exceeded
SEE wth rFH. 2754 Clear horizontal parameter
Sl wth rE:s2T7 Reverse line feed
i@ dmp -32300Jd- Continue reverse line feeds until you get back
I1+Jdi=1 to top of form
22 U"setlmt
23t otk E;:a 133 . setim
unth.lrﬁa;i?s o, Carrier return‘a?d incremental move
ipt (1Z8Rl 541 to correct position
int (lZ2ErllsBs0
B4 wth rE.27 .
'I"":‘! H nit b l"!:":'iﬁ lE: Set J'_eft margin
251 pet Carrier return
ESCTSVR
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CALLING SYNTAX:

cll

character

interval

offset

EXAMPLE:

char

'char' (character|[, interval, offset])

Decimal code for character to be used as fill in

fplt and fiplt

Number of 1/120" increments between characters (op-

tional)

Number of 1/96" vertical increments that character

is offset (optional)

cll 'char' (46, 3, 6}

Execution of this subroutine call sets up the conditions for plotting

with character fill. The first parameter (character) specifies the charac-

ter that will be printed, interval specifies the number of 1/120" increments

between characters, and offset specifies the number of 1/96" increments

that the character is offset vertically. The interval and offset parameters

are opticnal and will default to 5 and 0 respectively.

VARIABLES USED:

<INPUT>
Local:
rl Decimal code for character
p2 Interval size in 1/120" increments (default = 5)
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p3 Vertical offset in 1/96" increments (default = 0)
Global:

r0 Select code for the 9871A

SPECIAL CONSIDERATIONS:

1. If the decimal point (46) is used as a fill character, an offset

of 6 units seems to be most accurate.
2. This subroutine should be executed after an 'xaxis' or 'yaxis'

subroutine call since these routines will destroy the current charac-

ter fill.
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chtab

CALLING SYNTAX:
cll 'chtab' (htabl, htabz, ceer htabn)
htabi The distance in inches from the left margin to the position

of the horizontal tab to be cleared (if htab1 < 0 all

tabs are cleared)

n The number of tabs to be cleared
EXAMPLE: cll 'chtab' (2, 6, 8)

Execution of this subroutine will clear horizontal tabs at all
positions specified by the parameters ht:ab.l (1<i<n). The parameters indicate
the distance in inches from the left margin to the tab. If the first
parameter is negative, then all tabs are cleared (cll 'chtab' (-1)).

additional tabs can be set by executing the 'shtab' subroutine.

VARIABLES USED:

<INPUT>
Local:
pl First horizontal tab to be cleared - distance in inches from
left margin. If pl < O then all horizontal tabs are cleared
p2 Second horizontal tab to be cleared
........... éﬁ....:...............................................
pn n horizontal tab to be cleared
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Global:

ro0 Select code for the 29871A
<DESTROYED>
Global:
I Used as index for parameter number

SPECIAL CONSIDERATIONS:
1. Tab parameters may be listed in any order in the parameter list.

2. Power up default conditions will clear all horizontal tabs.
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cspc

CALLING SY¥NTAX:

cll 'espc' (CPI[, LPI)

CPI Character per inch (CPI < 0 implements proportional spacing)
LPI Lines per inch
EXAMPLE : cll ‘cspc' (6, 10)

Execution of this subroutine will specify the number of characters
printed per inch {(CPI) and the number of lines printed per inch (LPI).
If the first parameter (CPI) is negative, then characters will be spaced

in proportion to their size. The second parameter (LPI) is optional and

has default value 6.

VARIABLES USED:

<INPUT>
Local:
pl Number of characters printed per inch. If negative, then
proportional spacing is used
p2 Number of lines per inch (default = 6)
Global:
r0 - Select code for the 9871A
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SPECIAL CONSIDERATION:

The power up default conditions will print 10 characters per inch

and 6 lines per inch.
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cvtab

CALLING SYNTAX:

cll 'cvtab' (vtabl, vtabz, ee.y Vtab )

n

vtabi The distance in lines from the top of form to the vertical
tab to be cleared (if vtabl < 0 all tabs are cleared)

n The number of tabs to be cleared

EXAMPLE: cll 'cvtab' (2, 6, 8)

Execution of this subroutine will clear vertical tabs at all positions
specified by the parameters vtabi (1<i<n). The parameters indicate the
number of lines from the top of form to the tab. If the first parameter

is negative, then all tabs are cleared (cll 'cvtab' (-1)).

Additional tabs can be set by executing the 'svtab' subroutine.

VARIABLES USED:

<INPUT>
Local:
pl First vertical tab to be cleared; number of lines from top
of form. If pl < 0 then all vertical tabs are cleared
p2 Second vertical tab to be cleared
th .
pn n  vertical tab to be cleared
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Global:

r0 Select code for the 9871A
<DESTROYED>
Global:
I Used as index for parameter number
J Used to count line feeds

SPECIAL CONSIDERATIONS:

1. Tab parameters may be listed in any order in the parameter list.

2. Power up default conditions will clear all vertical tabs.
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form

CALLING SYNTAX:

cll 'form' [(W, L, F)]

W Text width
L Text length
F Form length
EXAMPLE: cll 'form"' (10, 10, 11)

Execution of this subroutine call sets the top of form and the left
margin at the present printer head position. The user may specify the
text width (W), text length (L), and form length (F) in inches. The para-
meters (W, L, F) are optional with default values of W = 13.2 inches,

L = 11 inches, and F = 11 inches.

VARIABLES USED:

<INPUT>
Local:
pl Text width in inches
p2 Text length in inches
p3 Form length in inches
Global:
xr0 Select code for the 9871A
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SPECIAL CONSIDERATIONS:

1. The maximum text width is 13.2 inches.
2. The text length should be less than or equal to the form length.

3. If this subroutine call is not executed, default conditions will

prevail. These values are:

text width 13.2 inches

text length 11 inches

form length 11 inches.
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fiplt

CALLING SYNTAX:

cll 'fiplt' (* X-distance, * ¥Y-distance[, character])

X-distance An expression for the horizontal distance to be moved
Y-distance An expression for the vertical distance to be moved
character Decimal code for character to be printed (optional)

Character codes are found in Appendix B

EXAMPLE cll 'fiplt' (0, -1)

Execution of this subroutine will move the printer to a relative
position, X horizontal and Y vertical units from the present position

and plot the user specified character.

The difference between this command and the 'iplt' routine is that
the fill character specified in the 'char' routine will be printed along

a straight line from the current (X,Y) position to the point to be plotted.
The X and Y distances are expressed in user units and can be constants,
variables, or expressions. The position moved to should fall inside the

range of the plot scale.

Specifying the character to be printed is optional and has the decimal

point,".",as a default value.
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VARIABLES USED:

<INPUT>
Local:
pl Horizontal distance moved in user units
p2 Vertical distance moved in user units
p3 Decimal code for character to be plotted (default = 46)
Global:
U Scale factor for horizontal units
v Scale factor for vertical units
r0 Select code for the 9871A

SPECIAL CONSIDERATIONS:

1. Special care should be taken to assure that the plotting program

does not destroy the :global variables U and V.

2. The decimal codes for characters that can be plotted are found
in Appendix B of this manual. Only those characters listed in the

Appendix can be printed.

3. The fill character, if not specified in 'char' will default to the
decimal point (46), with horizontal spacing of 1/40" (3 horizontal
plot units) and vertical offset of 1/16" (6 vertical plot units).

When using the decimal point as a fill character, a vertical offset

of 1/16" seems to achieve the best results.
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fplt

CALLING SYNTAX:
cll 'fplt' (X-coordinate, Y-coordinate[, character])

X-coordinate An expression for the X coordinate of the point to

be plotted

Y-coordinate An expression for the Y coordinate of the point to

be plotted

character Decimal code of character to be plotted (optional)

Character codes are found in Appendix B
EXAMPLE : cll 'fplt' (2.5, 1)

Execution of this subroutine call will plot the user specified

character at position (X,¥) where X is the horizontal and Y the vertical

distance from the origin (0,0).

The difference between this command and the 'plt' routine is that the
£fill character specified in the 'char' routine will be printed along a

straight line from the current (X,Y) position to the point being plotted.

The X and Y coordinates are expressed in user units and may be con-

stants, variables, or expressions, but should always fall in the range of

the plot scale.

Specifying the character to be printed is optional and has the

decimal point, ".", as a default value.
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VARIABLES USED:

<INPUT~>
Local:
pl X coordinate in user units
p2 Y coordinate in user units
p3 Decimal code for character to be plotted (default = 46)
Global:
X Absolute minimum value on X axis as specified in the 'scl®
routine
Y Absolute minimum value on Y axis as specified in the 'scl'
routine
U Scale factor for horizontal units
v Scale factor for vertical units
r0 Select code for the 9871A

SPECIAL CONSIDERATIONS:

1. Special care should be taken to assure that the plotting program

does not destroy the global variables X, ¥, U, and Z.

2. The decimal codes for characters that can be plotted are in Appendix
B of this manual. Only those characters listed in the Appendix can

be printed.

3. The £ill character, if not specified in 'char', will default to the
decimal point (46), with horizontal spacing of 1/40" (3 horizontal
plot units) and vertical offset of 1/16" (6 vertical plot units).

When using the decimal point as a fill character, a vertical offset of

1/16" seems to achieve the best results.
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imove

CALLING SYNTAX:

cll 'imove' (* X-distance, * Y-distance)

X-distance An expression for the horizontal distance to be moved
Y-distance An expression for the vertical distance to be moved
EXAMPLE: cll 'imowve' (0, -1)

Execution of this subroutine will move the printer to a relative posi-
tion which is X horizontal and Y vertical units from the present position
of the printer. The X and Y distances are exﬁressed in user units and
can be constants, variables or expressions. The position moved to should

fall inside the range of the plot scale.

VARIABLES USED:

<INPUT>
Local:
pl Horizontal distance moved in user units
p2 Vertical distance moved in user units
Global:
U Scale factor for horizontal units
\Y Scale factor for vertical units
r0 Select code for the 9871A
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SPECIAL CONSIDERATION:

Special care should be taken to assure that the plotting program

does not destroy the global variables U, V.
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iplt

CALLING SYNTAX:

cll 'iplt' (* X-distance, * Y-distancel[, character])

X-distance An expression for the horizontal distance to be moved
Y-distance An expression of the vertical distance to be moved
character Decimal code for character to be printed (optional)

Character codes can be found in Appendix B
EXAMPLE: cll 'iplt' (0, -1, 43)

Execution of this subroutine will move the printer to a relative
positién, X horizontal and Y vertical units from the present position
and plot the user specified character. The X and Y distances are expressed
in user units and can be constants, variables, or expressions. The position

moved to should fall inside the range of the plot scale.

Specifying the character to be printed is optional and has a decimal

point, ".", as the default value.

VARIABLES USED:

<INPUT>
Local:
pl Horizontal distance moved in user units
p2 Vertical distance moved in user units
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p3 Decimal code for character to be plotted (default = 46)

Global:
U Scale factor for horizontal units
v Scale factor for vertical units
r0 Select code for the 9871Aa

SPECIAL CONSIDERATIONS:

1. Special care should be taken to assure that the plotting program

does not destroy the global variables U and V.

2. The decimal codes for characters that can be plotted can be found
in Appendix B of this manual. Only those characters listed in the

Appendix can be printed.
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move

CALLING SYNTAX:

cll 'move' (X-coordinate, Y-coordinate)

X-coordinate  An expression for the X-coordinate of the point to

be moved to

Y-coordinate An expression for the Y-coordinate of the point to

be moved to

EXAMPLE : cll 'move' (1, 1)

Execution of this subroutine will move the printer to position (X, Y)
where X is the horizontal and Y the vertical distance from the origin
(0, 0). The X- and Y-coordinates are expressed in user units and can be
constants, variables, or expressions but should always fall in the range

of the plot scale.

VARIABLES USED:

<INPUT>
Local:
pl X-coordinate in user units
p2 Y-coordinate in usexr units
Global:
X Absolute minimum value on X axis as specified in the 'scl'

routine
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Y Absolute minimum value on Y axis as specified in the 'scl'

routine
U Scale factor for horizontal units (from 'scl')
v Scale factor for vertical units (from 'scl?')
r0 Select code for the 9871A

SPECIAL CONSIDERATION:

Special care should be taken to assure that the plotting program

does not destroy the global variables X, Y, U, V.
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plt

CALLING SYNTAX:

cll 'plt' (X-coordinate, Y-coordinate[, character])

X-coordinate An expression for the X coordinate of the point to be

plotted

Y-coordinate  An expression for the Y coordinate of the point to be

plotted

Character Decimal code of character to be plotted (optional)

(Characters codes are listed in Appendix B}.
EXAMPLE: cll 'plt' (2, sin(Z), 42)

Execution of this subroutine call will plot the user specified
charactefrat position (X, Y) where X is the horizontal and Y the vertical
distance from the origin (0, 0). The X and Y coordinates are expressed in
user units and may be constants, variables or expressions, but should always

fall in the range of the plot scale.

Specifying the character to be printed is optional. The default

character is the decimal point, "." .
VARIABLES USED:
<INPUT>

Local:

pl X coordinate in user units
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p2 Y coordinate in user units

p3 Decimal code for character to be plotted (default = 46)
Global:
X Absolute minimum value on X axis as specified in the

'scl' routine

Y Absolute minimum value on Y axis as specified in the

'scl' routine

U Scale factor for horizontal units (from 'scl')}
A% Scale factor for vertical units (from 'scl')
r0 Select code for the 9871A printer

SPECIAL CONSIDERATIONS:

1. The decimal codes for characters that can be plotted are found in
Appendix B of this manual. Only those characters listed in the Ap-

pendix can be printed on the 9871A.

2. Special care should be taken to assure that the plotting program

does not destroy the global variables X, ¥, U, V.
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psiz

CALLING SYNTAX:

cll 'psiz' (Vs, Hs, Vo, Ho)

Vs Vertical size of plot (height) in inches

Hs Horizontal size of plot (width) in inches

Vo Vertical offset from bottom margin in inches

Ho Horizontal offset from left margin in inches
EXAMPLE: cll 'psiz' (10, 10, 1, 1)

Execution of this subroutine call sets the plot size by specifying
the height and width in inches and determines the location of the plot
on the paper by specifying a horizontal and vertical offset in inches

from the lower left corner of the margins.

The 'scl' subroutine call must be executed immediately after this
subroutine call to assure proper computation of the scale factor for user

units.

VARIABLES USED:

<INPUT>
Local:
pl - Height of plot in inches
p2 Width of plot in inches
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p3 Horizontal offset from left margin in inches

p4 Vertical offset from bottom margin in inches
Global:
r0 Select code for the 9871A
<QUTPUT>
Global:
H Height of plot in inches (same as pl)
W Width of plot in inches (same as p2) !
SPECIAL CONSIDERATIONS:
1. The 'form' subroutine should be executed before executing the
'psiz' subroutine.
2. The 'scl' subroutine must be executed immediately after the 'psiz' .

subroutine to avoid destroying the value of the global variables

H and W which are required by the 'scl' routine.
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ptyp

CALLING SYNTAX:
cll 'ptyp!
EXAMPIE:
cll 'ptyp'
Execution of this subroutine places the calculator in a mode which
causes each character typed to be printed immediately on the 9871A. To

exit the mode you simply press the STOP key.

VARIABLES USED:

<INPUT>
Global:
r0 . Select code for the 9871A
<DESTROYED>
I Used as temporary storage for decimal code

SPECIAL CONSIDERATION:

Only the upper and lower case alphanumeric keys and the numeric
. keys will cause the appropriate characters to be printed. Special

keys and command keys will not be printed.
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scl

CALLING SYNTAX:

cll 'scl' (X . , X Y L, Y
min® max “min' “Tmax

X . Minimum X value (user units)
min
X Maximum X value (user units)
max
Y . Minimum Y value (user units)
min
Y Maximum Y value (user units)
max
EXAMPLE: cll 'scl' (-1, 10, -5, 5)

Execution of this subroutine call establishes the scale values, in
user units, of the X and Y axes. X . to X and Y . to Y correspond
min max min max
exactly to the respective limits of the horizontal and vertical edges of
the plotting area. This also establishes where the plot origin (coordi-

nates (0,0)) is located, whether:on .or .off the plotting area.

This subroutine call must be executed before any plotting subroutine

calls can be executed.

VARIABLES USED:

<INPUT>
Local:
pl Minimum X value in user units
p2 Maximum X value in user units
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p3

ol
Global:

H

W

r0

<QUTPUT>

Global:
X

Y

Minimum Y value in user units

Maximum Y value in user units

Height (in inches) of plot
Width (in inches) of plot

Select code for the 9871A

Minimum X value
Minimum Y value
Horizontal scale factor to convert user units to plot units

Vertical scale factor to convert user units to plot units

SPECIAL CONSIDERATIONS:

1. This subroutine call must be executed before any plotting is done.

2. A 'psiz' subroutine execution should always immediately precede

execution of this subroutine.
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setim

CALLING SYNTAX:
cll 'setlm' (L)
L Width of left margin in inches
EXAMPLE: cll ‘'setlm' (1)

Execution of this subroutine will set the size of the left margin in
inches. The default value for the left margin will be the leftmost side
of the page.

VARIABLES USED:

<INPUT>
Local:
pl Width of left margin in inches
Global:
r@ Select code for 9871A

SPECTIAL CONSIDERATION:

The psize command which determines the size of the plotting area

will also set the left margin.
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shtab

CALLING SYNTAX:
[ ] 1 ]
cll 'shtab (htabl, htabz, htab3, ey htabn)

htab, The distance in inches from the left margin to the position

of the horizontal tab

n The number of tabs being set
EXAMPLE: cll ‘shtab’' (2, 4, 6, 8, 10)
Execution of this subroutine will set horizontal tabs at all positions

specified by the parameters,htabi (1€i<n). The parameters designate the dis-

tance in inches from left margin to the tab.

Subsequent changes in the left margin or character spacing will

not alter the position(s) of the tab(s).

Horizontal tabs can be cleared by executing the 'chtab' subroutine.

VARIABLES USED:

<INPUT>
Local:
pl First horizontal tab - distance in inches from left margin
p2 Second horizontal tab
0 rTteseresesessesessessesesisnisinenentes
pn n horizontal tab

331



Global:

r0 Select code for the 9871A
<DESTROYED>
Global:
I Used as index for parameter number

SPECIAL CONSIDERATIONS:

1. Tab parameters may be listed in any order in the parameter list.

2. Power up default conditions clear all horizontal tabs.

3. The number of tabs is restricted only by the maximum line length of
the 9825A calculator.
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CALLING SYNTAX:

cll 'skip' (N)

N Number of lines skipped by either normal line feeds or

reverse line feeds
EXAMPLE : cll 'skip' (-2}

Execution of this subroutine will cause the printer to skip N lines

if N is positive or reverse line feed N times if N is negative.

VARIABLES USED:

<INPUT>
Local:
pl The number of lines skipped. Positive pl will cause
normal line feeds and negative pl will cause reverse line
feeds
P2 Counter for number of lines
Global:
r0 Select code for the 2871A

SPECIAL CONSIDERATION:

Modification of the number of lines printed per inch by executing the

'cpsc' routine will also affect the distance moved with this command.
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space

CALLING SYNTAX:
cll 'space' (N)
N Number of spaces moved either forward or backward
EXAMPLE : cll 'space' (3)
Execution of this subroutine will cause the printer to move N spaces

to the right if N is positive or backspace N times if N is negative.

I Skipping spaces and printing blanks move the printer the same distance.

VARIABLES USED:

<INPUT>
Local:
pl The number of spaces moved. Positive pl will move to the
right and negative pl will move to the left.
p2 Counter for number of spaces
Global:
r0 Select code for the 9871A

SPECIAL CONSIDERATION:

Modification of character spacing by executing the 'cspc' routine will

. also affect the distance moved with this command.
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svtab

CALLING SYNTAX:

cll ‘svtab' (vtab,, vtabz, caey vtabn)

1
vtabi The number of lines from the top of form to the position
of the tab
n The number of tabs being set
EXAMPLE ; cll ‘'‘svtab' (6, 12, 18)

Execution of this subroutine will set vertical tabs at all positions
specified by vtabi (1<i<n). The parameters designate the number of lines
from the top of form to the tab. Subsequent changes in the location of

top of form will not alter the relative positions of the tabs.

Vertical tabs can be cleared by executing the 'cvtab' subroutine.

VARIABLES USED:

<INPUT>
Local:
pl First vertical tab; number of lines from top of form
p2 Second vertical tab
;; ........ ;ﬁﬁ-;é;;;é;i‘éég.‘....-......."..-........'-.---.
Global:
r0 Select code for the 9871A
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<DESTROYED>

Global:
I Used as an index for parameter number

J Usedras counter for number of line feeds
SPECIAL CONSIDERATIONS:
1. Tab parameters may be listed in any order in the parameter list.
2. Any number of tabs can be set up to a maximum of one per line.

3. Power up default conditions clear all vertical tabs.
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tab

CALLING SYNTAX:

cll 'tab' | (+ htab[, * vtab])]

htab Tab horizontally htab times (default = 1)
vtab Tab vertically vtab times (optional)
EXAMPLE : cll 'tab' (+2, -1)

Execution of this subroutine will tab horizontally and/or vertically
the indicated number of times. Tabs can be specified in a positive or
negative direction. If a tab is executed beyond the last tab that was

set, the printer head will move to the appropriate margin.

VARIABLES USED:

<INPUT>
Local:
pl Number of horizontal tabs. May be positive or negative. If
omitted the default is one tab to the right.
p2 Number of vertical tabs. May be positive or negative. If
omitted the default is zero.
p3 Counter for horizontal tabs
p4 Counter for vertical tabs
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Global:

ro Select code for the 9871A

SPECIAL CONSIDERATIONS:

When using the wrt command, an automatic carriage return/line feed
will be generated unless a z format specification is encountered.

This should be taken into account when tabbing.

Vertical tabbing with no horizontal tabs can be implemented by

specifying 0 horizontal tabs.
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view

CALLING SYNTAX:
cll 'view' (time)

time Number of milliseconds before paper is moved up to view

what was printed
EXAMPLE: cll 'view' (500)

Execution of this subroutine specifies the number of milliseconds
after the last character is printed until the platen advances to allow
easy viewing of that character. The platen automatically retracts to its

original position before printing the next character.

If the optional parameter is omitted, then the timer will be set to

a default of 0 seconds.

VARTIABLES USED:

<INPUT>
Local:
pl Number of milliseconds before platen advances (default = 0)
Global:
r0 Select code for the 9871A
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SPECIAL CONSIDERATION:

If this subroutine is not executed the power up default condition

is =200 msec.
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xaxis

CALLING SYNTAX:

1 ig! i
cll 'xaxis (Yoff [}+tl° [’Xmin’xmaxi])

Yoff Point on Y axis where X axis intersects

tic Positive increment between tic marks

xmin Position where X axis printing begins

Xmax Position where X axis printing ends
EXAMPLE: cll 'xaxis' (0, 1, -10, 10)

Execution of this subroutine call will print an X axis from Xmin to
xmax with tic marks printed at the user-defined intervals (tic). The X axis

will intersect the Y axis at the point, Y £ which is also specified by

of
the user.

If the optoinal parameters xmin and Xmax are omitted, then the default
values are the minimum and maximum X values specified in the 'scl' sub-
routine call. If the optional parameter tic is also omitted, then the
default value will only print tic marks at the beginning and end of the

axis.
VARIABLES USED:
<INPUT>

Local:

pl Y axis point at which X axis will intersect
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P2
p3
p4
PS5

Global:

r0

Interval spacing between tic marks
Beginning point for printing of X axis
End point where printing of X axis stops

Used as increment in loop to print axis tic marks

Width of plot (from 'psiz')

Heigth of plot (from 'psiz')

Scale factor for horizontal units (from 'scl')
Scale factor for vertical units (from 'scl')
Minimum value on X axis scale (from 'scl')
Minimum value on Y axis scale (from 'scl')

Select code for the 9871A

SPECIAL CONSIDERATIONS :

1.

The X axis must always be printed in the positive direction which

means that X ., < X and tic > 0.
min max

Execution of this subroutine will cause any fill character specified

in a 'char' subroutine call to be destroyed.
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yaxis

CALLING SYNTAX:

11 'yaxis' + ti
cll 'yaxis (Xoff E: tic [, Ymin' Ymaxi])

xoff Point on X axis where Y axis will intersect

tic Positive increment between tic marks

Ymin Position where Y axis printing begins

Ymax Position where Y axis printing ends
EXAMPLE: cll 'yaxis' (0, .5, -5, 5)

Execution of this subroutine call will print a Y axis from Ymin

to Ymax with tic marks printed at the user specified intervals (tic).

.

The Y axis will intersect the X axis at the point, Xoff

If the optional parameters Y . and Y are omitted, then the de-
min max
fault values are the minimum and maximum Y values as specified in the 'scl'
subroutine call. If the optional parameter tic is also omitted, then
the default wvalue will only print tic marks at the beginning and end

points of the axis.
VARIABLES USED:
<INPUT>

Local:

pl X axis offset through which ¥ axis will intersect
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p2
p3
p4
p5

Global:
W

H

r0

Interval spacing between tic marks
Beginning point for printing of Y axis
End point where printing of Y axis .tops

Used as increment in loop to print axis tic marks

Width of plot (from 'psiz')

Height of plot (from 'psiz')

Scale factor for horizontal units (from 'scl')
Scale factor for vertical units (from 'scl')
Absolute minimum value on X axis scale (from 'scl')
Absolute minimGm value on Y axis scale (from 'scl')

Select code for the 9871A

SPECIAL CONSIDERATIONS :

The Y axis must always be printed in the positive direction which

means that ¥ , < ¥ and tic > 0.
min max

Execution of this subroutine will cause any fill character specified

in a 'char' subroutine call to be destroyed.
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File 42

300

270

150

120

330

240

21u

90

60

30

348

SIN(X)

Reduced 35%




ANNOTATED LISTING:
PROGRAM EXAMPLE FOR 9871A PRINTER (FILE 42 SINE FUNCTION)

. Hr: E£+rBipeca Initialize select code for 9871A;Degree measure
1: <ll *Harm®ilz Set up size of page
s12a 12
2y o oll Tesiztill Initialize plot size
s l2s Jos oD
20 ooll tsclti-
16 2e8s-1,2 Initialize plot scale
1.2
d: cll TwamisT g
RCIE PR Ry Print x and y axis with no tic marks
S ocll Yvaxmizi B
1. 1a—1211
e Helscll Tmouwe Move to origin and initialize domain I
R
frocll Telt? (I
sinfiliadz) Plot function coordinates (I, sin(I))
e fid I+l sT09=3 over interval [0, 360]
BB sto —1
HE R lsfat FoD L H. Initialize format to label x-axis
ide oll fmowse? I Move to appropriate position on x-axis
LR ‘
ile <oll ?zpace?| Backspace 3 times
-3
12 ¢ll 7=kie? il Skip one line
I
. 120 wrt ré i¥
NG 0% L I s Print the label
to -3
idr —i+I5fmy
f4.1ls2 Initialize format to label y-axis
1 cll “moue’ il
s 10 Move to appropriate position on y-axis
1 211 fFeoapace’|
-l Backspace 6 times
I¥E wrt r8.I81F
I+ 1wl d=13 Print label
ato ~2
gy oll "wmouws’ il
BHe~-1 .85
19: 211 *opocs® | Move to bottom of plot and
-3
ZET wrt o "SI label the plot
[
21 e
#4348
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File 43

EMPLOYLEE

Captain Lcok
Cookie Monster
Frank N Stein
Mad Hatter

Rin 7in Tin
Roadrunner

The Shadow
Tinker Eell
Winnie the Pooh
Zorrce

EMP #

654321
222222
987890
100000
123619
437692
689999
513964
101010
111111

EMPLOYEE FECORD

JOEB CODLE

206
401
531
912
632
592
909
160
236
111

SALARY

11500
10250
15600
23000

2500
40000
41000
17500
20000
25000

YRS EMP

32
6
43
31
21
27
41
37
339
25

VAC DAYXS

112

22
175
150
211
101
209
151
423
234




ANNOTATED LISTING:
PROGRAM EXAMPLE FOR 9871A PRINTER (FILE 43 EMPLOYEE

RECORDS)
B: enps “HO, OF Enter number of records in data bank
EMPLOYVIZES? o H
1: dim AFIH:Z87 s Initialize data bank
HLHs5l
28 1+Ilsg+E
20 ent "HAMET®™s Loop to enter elements into data baak
HELIl:28151+1
4t ent "EMFLOYEE Employee number
MO.7"sFALIs 1]
51 ent "TITLE Title code for job
COROET"wHITs 2]
6+ ent "SALARY ST Salary in dollars
sHILIs2
Tioent "HO., OF Number of years employed
YEARSY " +RLIs4]
S ent C"YHOCBRTION Number of vacation days earned
DAYS?"sALIs3]
Broif (I+1+114=H
Fat o -6
18: g+r8icll Initialize seélect code for 9871A
*zhimf &) Skip 6 lines
I1: cll 'zpace?|
AR 1 iwrt Q. " Skip 40 spaces and print heading for data base

EECORD™
120 c2ll *=zkim? iz
Tafmin latE.Bexs Skip 3 lines and set up format specifications
fot ZacnZB@sz
Ide cil Tzhtab®(
3 d  H5a 5.7 .5 Set horizontal tabs at 1/2",3",4.5",6",7.5",
Gy lB.51ifmt cldsx 9",10.5"
id: 1471501l foah Tab right and
Fiurt 8,8 "EMPL Print heading for Employee column
OYEE il Tab right and
tabktiurt S Print heading for Employee Number column
CEME # '
S5 ooll frabts Tab right and
wirt &« I0B CODE Print heading Zor Job Code Number column
"ioll Yirahb Tab right and
Pawrt S "SHLARY Print heading for Salary
le: cll Ftak?: Tab right and
Wit S: "YRS EMP Print heading for Number of Years Employed
"icll *tab? Tab right and
Twrt B WAL Print heading for Number of Vacation Days
DEYS "
178 wth 82133
o1l fskip?i2l Carrier return and skip two lines
188 cll *tab?;
Wt B.F«aHELING Tab right and print name
1+ Initialize column counter
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ANNOTATED LISTING:

13 cll *tab®s Tab right and print record entry
wrt B.laFLIs 1
dpge [+l 015
Z@: cll "skip’il Skip one line and test for end
I : 1 'F ! I + l * I 1% H ' of records
gto +4

21t il
Liswrt

tabkt -
E.LleHLT

Tab left and print rightmost entry of
the record

J-1+1]
E?? cll frob?i- Tab left twice and print next record entry
2liuwrt £.1sAL01
J-1+ A1 dme 142
g0 oll Tvak¥ -
2liuwrt B6.2-RF[I Tab left and print name
Jaicll *tob®(-2]
2dr if (I+l=slld=
ﬁi cll iikflﬁ t1] Check if last record. If not branch
F!'a*if ~b to print next record from left to right
258 end
#3155
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File 44

Reduced 45%
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ANNOTATED LISTING:

PROGRAM EXAMPLE FOR 9871A PRINTER (FILE 44 FOUR-LEAFED
ROSE)

BY G¥r@srad Initialize select code for 9871A;Radian measure
12 cll ®form?i13 Set up size of page
s 12120
23 oll fesiztill Initialize size of plot
1129 .58 0510
2 ooll Yaclfi- Initialize plot scale
O T = 5y V51
43 cll *maxiz’ i@
i Print x and y axis with no tic marks
5 ocll *vaxisti@
1
L: HEHs 10 A is angle; C is constant multiplier
72 CsiniAlcos (R Function value D = (CsinAcosA)“ computed
Te=0scll *mit*d
OzinfAlsDoos iR/ Plot the cartesian coordinates (x,y) associated
14 , with the polar coordinates A,C
2P 1F LA+ .891+H)< Increment angle and compute next point
=qr3atg -1
91 CsinmiHlcos (A
T2+bicll *plt?*
-fzimifAlsbcaosiA Same as above over interval T, 27
Ted2l
1@ i¥ (A+.8B1+R1
Vo gt o -4
11: end
#17a8:
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APPENDIX A

The following are additional commands that may be useful when using
the 9871A and are easily executed without resorting to subroutines.

<sc#> should be replaced by the select code number of the 9871A.

1. RESET Sets the printer to its power-up state.
syntax: wtbh <sc#>, 27, 69
2. SELF TEST Causes the printer to perform internal checks on its

ROM and READ/WRITE memory. Then it prints a test
pattern and returns to the power-up state (see

Appendix C).

syntax: wtb <sc#>, 27, 122
3. BELL Causes the printer to make an audible beep.
syntax: wtb <sc#>, 7
4. FORM FEED Causes the printer to move to the top of the next
form.
syntax: wtb <sc#>, 12
5. CARRIER RETURN Moves the carrier to the current left margin of the

same line.

syntax: wtb <sc#>, 14

6. SHIFT OUT Causes all subsequent circumflex and acute accent
characters to be replaced by exponentiation and
apostrophe characters respectively. The "shift out"
remains in effect until a "shift in" is recognized or
until the printer is returned to its power up state.

syntax: wtb <sc#>, 14

7. SHIFT IN Cancels the "shift out" condition.

. syntax: wtb <sc#>, 15
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8. CHARACTER REPLACEMENT

This command allows any ASCII code (see Appendix B) .
to be redefined to any sequence of other codes. The
first parameter (char) is the ASCII code of the charac-
ter to be replaced. The second parameter (N), is

the number of characters in the replacement list which
follows. A character replacement list is generated in
the printer's memory in the area normally occupied by
buffer. Buffer lengih is reduced by one character
plus one character for every two characters in the
replacement list. If the "character replacement"
exceeds the memory available, the command will be
ignored and a "beep" will sound. To restore a charac-
ter to its original definition, a "character replace-~
ment" command must be given with the character to be
restored and a list of length zero. This will delete
it from thg replacement list in memory, and expand the
buffer accordingly.

syntax: wtb <sc#>, 27, 67, char, N, list
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APPENDIX B

The following table gives a list of the characters that can be

printed by the 9871A and their ASCII code (decimal code) .

9871A ASCII CHARACTER CODE

DECIMAL DECIMAL
CODE CHARACTER CODE CHARACTER
32 Blank 58 :
33 ! 59 H
34 " 60 <
35 # 6l =
36 $ 62 >
37 % 63 ?
38 & 64 @
39 - 65 A
39 (s0) ! 66 B
40 ( 67 c
41 ) 68 D
42 * 69 E
43 + 70 F
44 . 71 G
45 - 72 H
46 . 73 I
a7 / 74 J
48 0 75 K
49 1 76 L
50 2 77 M
51 3 78 N
52 4 79 o
53 5 80 P
54 6 81 0
55 7 82 R
56 8 83 S
57 9 84 T .
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DECIMAL DECIMAL
CODE CHARACTER CODE CHARACTER

85
86
87
88
89
90
91
92
93
94
94 (s0)
97
98
99

120 b4
121
122
123
124
125

3 s

e o> > Nem Nk X = < o
+

[sTRENN o}

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

[= Ve I o (I 1

-

K Q % o0 B 83 r & Y

< £ o 0

g
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APPENDIX C

POWER UP STATE

When power is first applied to the printer, or during a "test" or

"reset" command, control goes through a "power up state". In this state,

the following functions are performed:

1.

10.

11.

12.

An internal self test is made on ROM and read/write memory. A beep

is sounded if a fault occurs.
The carrier is moved to the extreme left and rotated into a mechanical
stop. This synchronizes the internal logic with mechanical position.
The carrier is then moved to Column 1.

All horizontal and vertical tabs are cleared.

Horizontal spacing is set to 10 characters per inch. Variable hori-

zqntal spacing is disabled.

Vertical spacing is set to 6 lines per inch.

The view—-advance function is disabled.

Top of form is assumed at the current platen position.
Left margin is assumed at column 1.

Text width is assumed to be 13.2 inches.

Form length is assumed to be 11 inches.

Text length is assumed to be 11 inches.

The origin for absolute plotting is set at the left margin and lower
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13.

14.

15.

margin.

Plot fill parameters are set to: decimal point, spacing = 3, verti-

cal offset = +5.

The standard "shift-in" character set is assumed.

All character replacements are cleared.
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Default
absolute
plot origin

~

AP N ALAA AN A AT AU AN AL AL NN A AL

=

Maximum Paper Width
15 inches

< 3————Maximum Printing Line—————————§>

13.2 inches

3 Text width_______{:>

ggrforation

—

Top of form

New absolute
plot origin

Perforation

Top of form

<3—Text length
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"dot" STATEMENT

Wwhen in the plot mode*, the 9866B printer will interpret each charac-
ter it receives as a representation of a five dot pattern instead of an
ASCII character. The 9866B print field consists of 80 columns which con-

tain five printing dots and two non-printing dots, for a total of 560 dots.

Producing a plot on the 9866B printer can be a tedious procedure.
The desired pattern to be printed must be determined by choosing appropriate
sequences of characters. The dot statement has been created to perform the
translation from a dot position in the plot row to the proper character in

the column.

an 80-character string variable must be dimensioned to use the dot
statement. Before plotting another row on the printer, the string variable
must be initialized to blanks (™ " = A$ [1,80]) so that all dots are in
the non-printing state initially. Then the dot statement is used to "turn
on" the desired dots for this plot row. Use of the dot statement is an
additive process that only turns dots on, so it may be used several times
before finally sending the string representing one row of the plot to the
printer. When all the dots needed for the current row of the plot have
been "activated", the plot code and the string are written to the printer

(fmt c 80, b; wrt 6, 17, AS).

The syntax for the dot statement is:
dot <string variable>,<dot position>[,<dot position>]
<string variable> Name of string variable used to plot a line

<dot position> Expression yielding an integer between O and 559.
If only the first dot position is specified then
only that dot will be .turned on. If both dot
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positions are specified then all dots begin-
ning at the first dot positidn and ending at

the second dot position will be turned on.

The dot positions are numbered from 0 to 559 beginning with the
leftmost printing dot of the 9866B. In gemeral, it will be necessary
to convert your functional values to the range 0 - 559 for use with the
dot statement. TIf the largest and smallest values to be plotted across
the width of the 9866B are known (call them MIN and MAX) and the point to
be plotted is called P, then the following expression will convert your

values to the range 0 - 559:

dot position = 553 * (P - MIN)/(MAX - MIN)
SPECTAL CONSIDERATIONS:

1. Error Bf will be caused by any of the following:

a. Incorrect number of parameters for the dot statement (two or
three are expected).

b. The first parameter is not a string variable.

c. The current length of the string variable is less than 80.

d. The first or second character position is not in the range

-32768 to 32767.

2. Each string should be reinitialized to blanks after each line of the
plot is sent to the 9866B so that all dots are turned off for the next
line (e.g.," "™ - AS$[1,80]).

3. The plot mode must be set each time a new line is sent to the printer

(e.g., fmt ¢80, b; wrt 6, AS, 17).

4, The dot statement is available only after loading the binary program
in file 45 (1db 45).

* Refer to the "98032A Option 66 Operating Note" for further details
about the plot mode of the 9866B.
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9866B PLOTTING CAPABILITIES

This program has been written to highlight the plotting capabilities
of the 9866B printer. The implementation of these capabilities is facili-

tated by the dot statement.

The program itself will plot a user-defined function over any desired
interval. To take full advantage of the dot statement, the x—-axis has
been printed down the page and the y-axis across the page. Each line that
the 9866B prints in plotter mode is assigned an x-(domain) value over the
interval [x min, x max]. For each domain value, the function value is com-
puted and scaled to an integer between 0 and 559. That integer is stored

in the appropriate position of the string to be printed by the dot state-

ment.

The program requires that the user specify the following:

1. The function to be plotted.
2. The plot bounds - (x min, x max) and (y min, y max).
3. The location of the x- and y-axis.
4. The plot height and width is in inches.
a. Height will be the distance in inches between y min and y max.
The maximum height is 8".

b. Width is the distance in inches between x min and x max.
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VARTABLES USED:

Local:
pl

p2

Global:

r0

AS

flg 13

user point (Y) to be plotted

if p2 has a value, then all points between pl and p2 will
be plotted

yaxis offset

xaxis offset

minimum X value

maximum X value

minimum Y value

maximum ¥ value

user interval size between successive X values
height of plot in inches

temporary storage for first pParameter of dot statement
index for loop which computes functional values to be printed
width of plot in inches

domain values over the interval [Xmin, Xmax]

function values

select code for 9866B

string in which the dot statement stores the points to be
plotted

set if user does not enter a requested input value

SPECIAL CONSIDERATIONS:

1. The binary program in file 45 should be loaded before any storage for

variables

is allocated.
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The entire string that is used by the dot statement must be initi-

alized to blanks before storing values in the string.

The decimal code, 17, must be sent to the 9866B before writing the

string, to signal that the string is to be printed in plot mode,

e.g., fmt b, ¢80; wrt <sc#>, A$, 17.

To use this plotting program the following ROMs are required:
STRINGS ROM, AP ROM, GENERAL I/O ROM.

Only 5 out of 7 consecutive points in a horizontal line can be printed
on the 9866B. Therefore, it is possible that points or entire lines

which are parallel to the X axis may not appear on the plot.
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EXAMPLE :

cos (X) Y

0sxXg2m

FLOT WIDTH
FLOT HEIGTH

-t

aMIH
a
BHHE
2

THIM
-1.2
YA

T L

NOTE; The y-axis will run across the page on the 9866B.
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INSTRUCTIONS:

10.

11.

Insert UTILITY ROUTINES cartridge with machine turned on.

Load

a.

b.

Press

When
a.
b.

C.

the file.
Type 1df 46

Press EXECUTE
RUN

"ENTER FUNCTION" is displayed:
Press FETCH
Enter 5

Press EXECUTE

"cos(X)~>Y" will appear in the display.

a.

b.

Enter the function to be plotted in the form f(X)>Y (e.g. X43 +
2xX42 + 1-Y)

Press STORE

Continue execution

a.

When

When
a.

b.

When

When
a.

b.

When

Type cont 1 (you must type the word "cont" character by character
rather than pressing the CONTINUE key)
Press EXECUTE

"PLOT WIDTH" is displayed:
Enter the desired plot width in inches (length of X axis)
Press CONTINUE

"PLOT HEIGHT" is displayed:
Enter the desired plot height in inches (length of Y axis)
Press EXECUTE

"XMIN" is displayed:
Enter the minimum value of X (in user units) to be plotted

Press CONTINUE

"XMAX" is displayed:
Enter the maximum value of X (in user units) to be plotted

Press CONTINUE

"YMIN" is displayed:

Enter the minimum value of Y that can be plotted
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12.

13.

14.

15.

le.

When
a.

b.

"FOR

Press CONTINUE

"YMAX" is displayed:
Enter the maximum value of Y that can be plotted:

Press CONTINUE

XAXIS" will be printed. When "YAXIS OFFSET" is displayed:
Enter the position on the x-axis through which the y-axis
intersects

Press CONTINUE

YAXIS" will be printed. When "XAXIS OFFSET" is displayed:
Enter the position on the y-axis through which the x-axis
intersects

Press CONTINUE

"SELECT CODE?" will be displayed:

d.

b.

The

Enter the select code for the 9866B Printer
Press CONTINUE

function will be plotted on the 9866B.
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ANNOTATED LISTING:

deio ldb 45:dse Load the binary file containing dot Statement
"EHTER FUHCTION Stop program for user to enter desired function
Ciradiste .
v diw AFELEH]: Dimension string used in dot statement
fmt bacidd ' Set up format
2% ash TDERTURT : Branch to routine to set up the plot area
31 for s=l oto O LOOP TO PLOT FUNCTION
b : C is initial X value, D is final X value, G is
4t " "+A%[1s38] increment. Initialize entire string to blanks
S5 ooz lMley : User~defined function stored here
B 1f abksiis-HIS Check if yaxis should be printed
Gi<isicl]l *plot?
_LEsF] '
Fiocll felottii) Put function value in A$
S ocll *plot? (R Put xaxis value in AS
B owrt r8:17:A% Write AS$ on 9866B in plot mode
la: rne=t #
1l: end
12 "mlot"eif dot STATEMENT
pE=lidotFEs int | If only one point, fill the appropriate scaled .
(rl-EiWispaMels position in A$ and the one next to it.
=
138 dotffgsintiim If two points are specified fill all pasitions
1-Eivisintlip2- between the two points
ElViirey
4 "SETUP":cta SETUP PLOT AREA
1z
158 enm "FLAOT
HIBTH" Miif Enter the width of the plot in inches
Flaldtctis 133
gt +0
1ét enp "FLOT
HEIGTH" sHy if Enter the height of the plot in inches
flaldsoda 13:
Fio +8
17: =po tene
CEMINT R if Enter the minimum X value
flal3ictfa 133
9t +E
188 ene "AMAR"
Oif flall3sicts Enter the maximum X value
laiato +4
1%% spC fene
"YHIHYsES LY Enter the minimum Y value
flaliscfa 133
2t o +@
B oene "YHRE"S
Fiif flaslidicts Enter the maximum Y value
l3iata +8
gl: (D=0l 5440 G is the increment between X values plotted
228 TBHoIF-E12Y ~ V is the scale factor for the yaxis
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ANNOTATED LISTING:

230 spo PRFL
"FOR sASIS"s
_ERL ] Enter the position on the xaxis
24: enr "YARIE where the yaxis intersects
OQFFSET"sRAispe §
if #lal3ictfs
li3sata +8
295 zpo gy
“FOR YHAIS™S
prG S Enter the position on the yaxis
201 ene THHAEALS where the xaxis intersects
OFFSET"sBismc 3
if flaidicia
l3iato +8
27 F oenp "SELECT
COOE?"sr8izspa 3
if ¥lsl3icts Enter the select code of the 9866B
1339t +0
S8: ret
#4483
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‘Training Tape =~




TRAINING TAPE

STARTING INSTRUCTIONS

l. Relax

2. Turn the calculator ON
3. Insert the UTILITY ROUTINES cartridge

4. When"k"appears in the display,
Type trk 1; 1df O '
Press  EXECUTE

5. When""appears in fhe display,
Press RUN

L When"READY?" appears in the display, the calculator is stopped.
LW lghon

Press CONTINUE

This training program introduces you to the world of the programmable cal-
culator. Though it won't teach you to be an expert programmer, it will '

show you some- features of the 9825A., It is meant to be fun to use.

You cannot damage either the calculator or the training cartridge if you

take the following precautions:

. If someone else has been using the calculator, make sure that they
are finished before you begin. Otherwise, you might erase a valu-

able program or data.

. Check the training cartridge to make sure that the "RECORD" slide

is to the left in the protect position (see Diagram). This insures

T

th: training cartridge will not be accidentally written on.

g




For the training program, you will need a blank cartridge of your ¢ 7,

£

a basic 9825A caldulator and the training cartridge.

RECORD slide
in PROTECT position

The HP Tape Cartridge
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