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UTILITY ROUTINES ' ~ , Pl\RT 1 

HATHEHATICAL ROUTINES 

' SORTING AND' BUFFER ROUTINES 

SECTION 1 

SECTION .2 

SECTION ' 3 

SECT+ON 4' 

,)8711i.PLOTTER 'AND TEXT~GENERATING ROUTINES 

9866B PLOTTING, WITH dot FUNCTION 

... ' 

The routines in t)'liS part 'ot the' UTILITY ROUTINES 'cartridge halre 

been written to provide th~ users of the 9~25A with commonly requested 

programs 0 " The routines can also' be .' used-,to b7corne: bett.er -, a.cquainted . 

wi,th pr<:>gralluning the '9825A . 

A conscious ef'fort has been made ,to divide', eg.ch '.of ,the programs in 

Sections land 2 into two dist'in«t parts' - ,the dr'iver 'program "'~!'i the 

subroutine. The driver .:is ', used to' input .th~ info.:pnati.on n~cessary for . the ­

subroutine and' to, 'output thEl resuits ,computed by the subroutine . The 

subr'outines hZlVe been ,wri ttensQ "th"y : c;,n: ,be; included ' as part ,of any user 

program as, long as that program prov'ides the necessa.ry,: input ,infori!t;>tion. ' 

This a"llows ,the rn~re iri~u~trious_~.p~ogr~.mmers t.o 'write t-heir . own drivers ' 

to use ,the subroutines while other :, prograrnrne,rs dan u se tIle whole driver­

subroutine . package. 

A detailed explanation of the Programs 'inSectioh 3 and ' Sec,tion 4 is 

included in the .·introduct-i~ns · 'to tho'se s .ect.ions": 

.' 
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Complex Numbers 
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Complex Number Operations 

This program will add, subtract, multiply or divide two complex 

numbers as well as raising a complex number to an integer power using 

the subroutine "COMPLEX". The complex numbers are expressed in the 

form a + bi, where a is the real part and b the imaginary part. The 

components of the complex numbers (a and b) should be real numbers 

(e.g. 5, 2.1436, R) or expressions whose values are real numbers (e.g. 

1/2, "/3, sin (11:/4». 

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 

1. lfDIV BY ZERO" occurs if the operation is division (3) and the 

divisor is 0 + Oi. 

2. "ILLEGAL OPERATOR" occurs if operation is not 0, 1, 2, 3, or 4. 

FORMULAE: 

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

2. 
a + bi ac + bd + bc - ad i = 
c + di cc + dd cc + dd 

3. (a + bi)n = (a + bi) (a + bi) ... (a + bi) for n > 0 

n 

(a + bi)n 1 for n 0 

(a + bi)n 1 for n < 0 
(a + bi) (a + bi) ... (a + bi) 

n 
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INSTRUCTIONS: 

1. Insert UTILITY ROUTINES cartridge with machine on. 

2. Load the file. 

a. Type ldf 1 

b. Press EXECUTE 

3. (Optional) 

a. Type fxd N or fIt N where N i s the number of digits to 

the right of the decimal point (OiN~II). 

b . Press EXECUTE 

4. Press RUN 

5. "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. 

b. 

Enter the real part of the first number. 

Press CONTINUE 

6. When "IMAG PART=" i s displayed: 

7. 

a. Enter the imaginary part of the first number . 

b. Press CONTINUE 

"OPERATION?" will appear briefly in the display. When "A 

M = 2, D = 3, P = 4" is displayed:· 

a. Enter the desired operation code. 

0 for addition 

I for subtraction (1st minus 2nd) 

2 for multiplication 

3 for division (1st divided by 2nd) 

0, S = I, 

4 for exponentiation (1
st 

raised to 
nd 

the power of 2 ) 

b. Press CONTINUE 

8 . If the operation is not exponentiation (4). go to step 10. 

10 
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9. When "EXPONENT" is displayed : 

a. Enter integer exponent. 

b. Press CONTINUE 

c. Go to step 12 

10. IISECOND" is printed. When "REAL PART =" is displayed: 

a. Enter the real part of the second number. 

b. Press CONTINUE 

11. When "IMAG PART =" is displayed: 

a. Enter the imaginary part of the second number. 

b. Press CONTINUE 

12. 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). 

13. Go to step 5 . 

11 



EXAHPLES: 

(l+2i) + (l+2i) = 2+4i 

ENTER COMPLEX NO 

FIRST 

REAL PART = 
1 

II1AG PAF.:T= 
2 

OF'ERAT I OtY, 
A=0,S=1,M=2,D=3 , 
P=4 
o 

SECOt·W 

REAL PART= 
1 

Il'lAG PART= 
2 

SU~l IS 

REA L PART= 2 . 00 
I ~lAG PAF.:T= 4 • ~:i(l 

(l+2i) 2 = -3+ 4i 

FIRST 

REAL PART= 
1 

H1AG PfIRT= 

OPERAT IOt1? 
A=(i, :::=1, 1'1=2, [1 =:;: , 
P=4 
4 

E :x: P 0 t·1 E NT') 

1ST RAISED TO 
PO(·JEF.: OF 2t-lD 

F.:EAL PAF.:T= -3 . 0~:1 
H1AG PART= 4.(H) 

12 

l+2i . 
--. = undef1ned 
0+01 

FIF.:ST 

F.:EAL PART = 
1 

Il'lAG PAF.: T= 
. ., 
'-

OPERATIOW' 
A=0,S=1,M=2,D=3, 
P=4 
:3 

SECOtW 

REAL F'A F.:T= 
~:1 

IMAG PART= 
[1 

DI"! B'l ZERO 
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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, 11) or expressions whose 

values are real numbers (e.g. 1/2, ~3, sin (11/4)). 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 

<OUTPUT>. 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 VARIABLES: 

<INPUT> 

A 

B 

C 

D 

X 

real part of first number 

imaginary part of first number 

real part of second number (exponent if raising to power) 

imaginary part of second number 

operation to be performed 

o addition 

I 

2 

subtraction 

multiplication 

13 



<OUTPUT> 

3 = division 

4 = exponent 

A, B, C, D, X unchanged 

E 

F 

flg 2 

flg 3 

<DESTROYED> 

G 

H 

I 

flg 1 

real part of result 

imaginary part of result 

set if division by zero occurs 

set if illegal operation 

sum of squares of real and imaginary part of division 

temporary storage for partial product in computing (A + Bi)e 

absolute value of integer exponent (if any) 

set to indicate negative integer exponent 

14 
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INSTRUCTIONS: 

1 . 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. 

2. Insert UTILITY ROUTINES cartridge. 

3 . (Optional) 

a. Type fxd N or fIt N where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

4. Load the file . 

a. Type ldf 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 

0: Idf 2.H.l 
1: ct":;1 13;dsp 

"EflTEP COt'lPLEX 
HO" ; 1,',10, i t 50(1 

"~·IPST";::, pc. ; 
E'np " F.:EAL PAPT= 
" ,A;sp c ;if 
f 1'313; stp 

3: E' np "It1AG 
PAPT=",B;spc 
if f 1',13; c.f"J 
1:;:; ',t ,) +0 

4: d::,p "OPE PAT I 0 
fl') " ; ',,'01 i t 500 

5: E"nf=' "A=(1,S=l, 
M=2, 0=3, P=4", ~<; 
::,pc. ;if fl',l~:; 

ct' ~ 13;9tO +0 
6: if ::<=4;l2np 

" D:POt~EflT" '" C; ' 
0"D; ',to +4; if 
f 1-:;13; ct":; 13; 
gto +t1 

7: prt "SECOtlD" ; 

8: enp "PEAL 
PART=", C; ::,pc. 
if f 1913; ct',:; 
13; '::Ito +0 

9: E'np "It1AG 
PART=",D;if 
fl,13; c.f "J 13 ; 
'=I t. 1-1 + r1 

10 : , ,::,b "CO~lF'L 0: 

11: if f192 Ot-

f 1,:; ::::; I .. JCI. i t 2(10(1; 

1 ,-, . " . :=.PC 2; prt 

" ;S.PC 2; . .11'1;::0 ~<+1 
13 : Pt- t "SUrl 

I ~:; "; '3to +5 
14 : prt "DIFFEF.:E 

tKE I:3";"Jt,:, +4 
15: p r\. "PRODUCT 

IS";·:::tc, +3 
16: Pt't "G!UOTIEH 

T I~:;";'3tCl +c~ 

17: r-o rt, "1ST 
F.: A I SED TO"," PO~l 
EF: OF 2HD" 

Load the subroutine 

First Number 

Enter real part 

Enter imaginary part 

Enter operation 

Enter exponent if necessary 

Second Number 

Ente r real part 

Enter imaginary part 

Branch to subroutine 

Check if error flags are set 

Print label 

Print result 

16 
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18: SPC 2;prt 
"REAL PART=",E, 
" IMAG PART= " ,F; 
SPC 3;9to -16 

*31876 

Print result 

17 



ANNOTATED LISTING: 

0: "COt1PLEW': cf "3 
2,3;if X>-l 

and ::« 5; j("IP X+2 
1: beep; dsp "ILL 

EGAL OPERATOR"; 
sf"3 2; re·t 

2: A+C"E; B+O " F; 
ret 

3: H nE; B-O"F; 
ret 

4: AC BO"E; AO+ 
BC"Fj ret 

5: CC+OO"Gj"3to + 
7 

6: HGjA .. E;B .. F; 
cf<;j 1 

7: if (C"Il«H 
sf"3 U'lbs(C)"I 

8: if C=0; l"E; 
0"F; ret 

9: A (E"H) -BF"E; 
AF+BH"F ; .j~IP ( G+ 
HG) = I ' 

10: if n<;j1;E/ 
(EE+FF"H) "E; -F / 
H"F 

11: r- et 
12: If t.;=0;bee-p; 

d::.p "DIV BY 
ZERO";;:.f g 3; 
r-p t. 

13: (AC+BO) / G"E; 
(BC-AO) / G"F; 
re·t 

14: end 

SUBROUTINE - COMPLEX NUMBERS 

Che ck for illegal operation 

Addition 

Subtraction 

Multiplication 

Division 

Exponentiation 
e 

Division 

18 
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• Matrix Operations 

FILE 3 DRIVER 

FILE 4 SUBROUTINE TO PERFORM MATRIX OPERATIONS 

• 
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Matrix Operations For 
Real Matrices 

Cl 
a:: 
<I: 
~ U This program will compute the sum, difference or product of two 
<I: 
~ matrices as well as compute the product of a matrix and a scalar . The 

~ program requests all the necessary input information, calls the subroutine 
w 
....J "MATRIX" in file 4 and prints out the results. 
~ 
w 
:I: 

IS! 
E:l 

Cl 

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

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

~ SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 
~ 

U 
<I: 
~ 

l­
I­
w 
....J 

e~ 
:I: 

Cl 
a:: 
<I: 
~ 
U 
<I: 
~ 

l­
I-. 
W 
....J 

~ 
W 
:I: 

fil 
eI 

Cl 
a:: 
<I: 
~ 
U 
<I: 
~ 

l-

• W 
:I: 

fil eI 

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. 

b. 

For addition and subtraction: If the dimensions of A and Bare 

N by M then: 

for 6,844 bytes 

for 15, 036 bytes 

for 23 , 228 bytes 

for 31,420 bytes 

For scalar multiplication: 

then: 

for 6,844 bytes 

for 15,036 bytes 

for 23,228 bytes 

for 31 , 420 bytes 

21 

N * M < 188 

N * M < 529 

N * M < 871 

N * M < 1212 

If the dimensions of A are N x M 

N * M < 283 

N * M < 795 

N * M < 1307 

N * M < 1819 



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

Bare N by M then: 

for 6,844 bytes 

for 15,036 bytes 

for 23,228 bytes 

for 31,420 bytes 

(D * E + N * M + Y * Z) < 188 

(D * E + N * M + Y * Z) < 529 

(D * E + N * M + Y * Z) < 870 

(D * E + N * M + Y * Z) < 1212 

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

2. "ILLEGAL SIZES" indicates that the operation cannot be performed 

with the present matrix dimensions. 

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

22 
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INSTRUCTIONS: 

1. Insert UTILITY ROUTINES cartridge with machine on. 

2. Load the file. 

a. Type Idf 3 

b. Press EXECUTE 

3. (Optional) 

a. Type fXd N or fltN where N is the number of digits 

that will be printed to the right of the decimal point (O~II$ll). 

b. Press EXECUTE 

4. Press RUN 

5. "MATRIX A" will appear briefly in the display. lfuen "NO. OF ROWS?" 

is displayed: 

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

b. Press CONTINUE 

6. When "NO OF COLS?" is displayed: 

a. Enter the number of columns in the first matrix . 

b. Press CONTINUE 

7. "A[I, J)" will appear in the display, where "I" will be the row num-

ber and "J" column number 

a. Enter the element in 

matrix. 

b. Press CONTINUE 

of the next 
th 

the I row 

matrix element 
th 

and J column 

to be entered. 

of the first 

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

entered. 

8. lfuen "CHANGES" is displayed: 

Either 

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

data. 

b. Go to step 12. 

or 

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

b. Press CONTINUE 

23 



9. When II ROW? 11 is displayed: 

a. 

b. 

Enter the row number (I), of the e l ement to be changed. 

Press CONTINUE 

10 . lfuen "COLUMN" is displayed: 

a . Enter the column number (J) of the element to be changed. 

b. Press CONTI NUE 

11. When "All, J]" is displayed: 

a. Enter the correct value for this e lement. 

b. Press CONTINUE 

c. Go to step 8. 

1 2 . "OPERATION" wil l appear briefly in the displ ay . 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 

1 3. If the operation i s not scalar multiplication (3), go to step 14. 

Nhen "SCALAR VALUE" is displayed: 

a . Ente r the scalar multiplier. 

b. Press CONTINUE 

c . Go to step 21. 

14. If the operation i s addition or subtraction , go to step 1 6 . "MATRIX 

B" will appear briefly in the display. When "NO. OF ROWS?" is 

displayed: 

a. Enter the number of rows in the second matr i x . 

b. Press CONTINUE 

15. When " NO. OF COLS?" is displayed: 

a. Enter the numbe r of column s in the second matrix. 

b . Press CONTINUE 

24 
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16. "B[I, J]" will appear in the display, where "Ill and "J" will be 

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

to be entered. 

a. Enter the element in the Ith row and J th column of the second 

matrix. 

b. Press CONTINUE 

c. Repeat step 16 until all the elements of the second matrix 

have been entered. 

17. 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. 

b . Press CONTINUE 

18. When "ROW?" is displayed: 

a. Enter the row number (I) of the element to be changed. 

b. Press CONTINUE 

19. When "COLUMN?" is displayed: 

a. Enter the column number (J) of the element to be changed. 

b. Press CONTINUE 

20. When "B[I,Jj" is displayed : 

a. Enter the correct value for this element. 

b. Press CONTINUE 

c. Go to step 17. 

21. 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. Ente r 1 if you want the order to be B<OP>A. 

b. 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. 

26 
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• EXAMPLES: 

r'1AH: n : A 

2 
t·w. OF COLS'! 
2 

A[1,l]? 
1 

A [1, 2]? 
2 

A[2d]? 

A[ 2,2]'~' 

4 

C H A tl G E S ,~, 

A=0~S=i,M=2~SM=3 
2 

r'1ATR Ii~ B 

2 
tiC! OF C:OLUr'l~l::;':' 

B[ld]':' 
o 
B[1,2]'1 
1 

E: [2, 1] .;, 

1 

t:[2~2] ? 

o 

• CHAtlGE::;'1 

C ~J[: ~J [: ~J 

REVE":SE ORDER? 

B'l COLUr'ltlS 

27 
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tW. OF RO ~JS? ., 
'-

A[l,l] ') 
1 

A[1 ,2 l ? 
2 

A[1, :3]S' 
" 

'.' 

A[2,ll '~' 

4 

A[2,2]'~' 

5 

A[ 2,:3 l '~' 

6 

CHAt·~GE ~:;? 

A=0,S =1 ,M=2,SM=3 
~) 

MATR n: E: 

B[ld]O-;' 
6 

B[1,2] ? 
~ 

'.' 

B[l,]] ? 
4 

B[2,1]? 

E:[2, 2 l? ., 
~ 

B[2,3J? 
1 

28 

C:J 

A+8 

8'l C O LUplt,~ S 

7 • [10 
7 . [11) 

7.00 
7. ~3t1 

7 . ~~H:1 
7 . 0~) 
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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, rr) or expres sions 

whose values are real numbers (e.g. 1/ 2, ~, sin (rr / 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 

E 

N 

M 

A I] 

B I] 

X 

# of rows in first matrix A 

# of columns in first matrix 

# of rows in second matrix B 

# of columns in second matrix 

two dimensional array c ontaining elements of first matrix 

two dimensional array containing elements of second matrix 

operation to be performed 

o = addition 

1 = subtraction 
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flg 13 

d 

<OUTPUT> 

2 multiplication 

3 scalar multiplication 

set if order is A<OP>B ; clear if order i s B<OP >A 

scalar multiplier if operation is scalar m,Ultiplication 

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

Y 

Z 

C [I 

flg 2 

flg 3 

<DESTROYED> 

flg 1 

I 

J 

K 

G 

# of rows in resultant array 

# of columns in resultant array 

resultant array computed f r om A [I and B [I 

set if dimens i ons are incompatible 

set if operation is illegal (i . e., X f 0, 1 , 2 , 3) 

set if operation is subtraction 

loop counter; usually subscript for rows 

loop counter; usually subscript for columns 

l oop counter 

used to compute partial sum for product 

30 
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INSTRUCTIONS: 

1. Load your program into memory. The program should set up all , 
necessary parameters (A [,J, B [,J, 0, E, N, M, X, fIg 13) to be 

passed to the subroutine. 

2. Insert UTILITY ROUTINES cartridge. 

3. (Optional) 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (OSN$ll). 

b. Press EXECUTE 

4. Load the file. 

a. 

b. 

Type ldf 4, N, M where: . 

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

be loaded into memory . 

to1 = line number where execution is to begin after subroutine is 

loaded • 

Press EXECUTE 
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ANNOTATED LISTING: 

DRIVER - MATRIX OPERATIONS 

.1: I_.f ·~ '1:3; dsp 
"t'iAH: 1 :'< A"; spc. 
3 i r.' tot. "t'1A TF: 1 >': 
A";sF='c ;t}Jo. it 
5~30 

2: ~ np "HO.OF 
F.:O~·lSs''', 0 i if 
fl'::;Il:3;cf~ 1:3; 
';Ito +0 

3: enp "HO. OF 
COL::;"''', E; s·p c. 
if fl·~ 13 ; cf·g 

l::::;';lto +[1 
4: 0-"l;1".Jidi,.,·, 

RCO,E] 
5: if (1+1 .. 1 » 0; 

'::,:Ito +:3 
t.: c1' -;I 13; E'tH:' 
ACj,J];s.pc. ; 
':;:Ito +C1; it' not 
f 1-::113; j f"IP (.J+ 
l"J»E 

7: I-t.J; ·'3to 2 
:::: spc ; ~'np "CHA 

t'lGE::;'~''', 1; s .... c 
if flg13; c.f s 
13; ·;t o +5 

9: E'flP "F.:Oi~?" ,I; 
if f1·g13icf·g 
1:3; 'Sit 0 +C1 

lei: E'np "COLUt'1~~? 
",Jiii" f1'31::: ; 
cf ';I 1:3; -;It 0 +[1 

11: cf '3 l~:; E'nr.' 
A [I, JJ ; SF-'C 
'::It 0 +0; i )f not 
fl'g13;"3tQ -3 

12: d sp " OF'E F.:ATl 
o t·j ,) " ; ".'0. i t. 50 ,] 

1:;:: E'np "A=0, 
~:;:::1, t'i=2 ~ ::;t'I =:;! ", 
::.:;; s·pc ; if f 1'::11:3 
;c.f·:; iJ;'=;Ito +0 

14: if i<-3;E"np 
"~:;CALAF.: \,tALUE?" 
,r(i;":::to +14;if 
fl·::;iJ;·=:t"to +(1 

15: d:=.p "f'1ATP I ::.:: 
B "; :=.pc :::;Pt"t 
"i'1ATP I ::.:: E:"; ::·pc 

16: if >::=~'::1 Qr 

»1; [I-HH E -tt'1; 
'3 t (,_ + 3 

Load the subroutine 

First Matrix 

Enter number of rows 

Enter number of columns 

Enter elements of first matrix 

Make corrections if necessary 

Enter operation code 

Enter scalar multiplier if necessary 

Second Matrix 

If addition or sub.traction use same dimen:--' 
sions 
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ANNOTATED LISTING: 

17: enr-' " t,W OF 
RO~,jS?", ti; if 
f 1··:; 13 ; c f ';I 1 :::: ; 
9t Q +~J 

1::: ~ E'np "t,~O OF 
COLUt'1t~::;':.''', 1'1; if 
fl913;c.f ',1:;:; 
-;Ito +(1 

19: ~, pc. ; (1-*1; 
l-:.J; di", B U1, t'1] 

20: if (1+1-:.1)>t-~ 

21: cf~ l~:;E'np 
B[!,J];g,c. ; 
-;Ito +0; i f not 
fl ·;l13;.j"'IP (..1+ 
H.J) > t1 

22: l-t,j; '=3to -2 
23: ::.p c. ; E' np 
"CHAt~GE:3~''', I j 
~,pc. ;if f1",13; 
',to +4 

24: E'n p "F.: O~,j':"", 

Ii i f fl',l ~;:; c.f " 
1 :3 ; '~~. 0 +0 

25: E'r,p "COLUt'Hl? 
",J;if f1313; 
cf -:; 13; '::It .. I) +~3 

26: (.f·::,;1 13;E"np 
B[I,.J]j~,pc. ; 
';Ito +(1; if not 
f 1,, 1:3 ; 9t 0:' - :::: 

27: cf';I 1:3; if 
i-~=1 (I r >:;=2; E' t"! r.:o 
"F.: EVERSE OF.:DEF.:') 
" ~ G 

0::.:>- ·;I s. b "MHlkl ,:~: h 

2'~: If fl9i ot" 
f 1,, :::: j ~,t. p 

30: if ;:':;-·O;prt 
"A+E:";9tO +6 

:31: if :'< =1 'l,nd 
f1 ,,1:;:jprt "ti-
B"; '3tIJ +5 

32: if »1 o,nd 
not. f191~:;prt 
"B-A";9to +4 

3:3: if >::=2 rJ.nd 
f1',1:3;prt "A* 
8"; '=3tc, +3 

34: if X=:2 lInd 
not f 1'31:3; P ri. 
"8*A";'3f,o +2 

Number of rows 

Number of columns 

Enter elements of second matrix 

Make corrections if necessary 

Reverse order of matrices in 9peration? 
(i.e . B - A instead of A - B) 

BranCh to subrout1ne 

If error flags are set; stop 

Print heading for resultant matrix 
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ANNOTATED LISTING: 

"C"o .:J "_I • 

2; prt "8Y coLOM 
H:;" ; ::.pc. 

:37: if ( .J+HJPZ 
;spc. 4;E'ncl 

38: p rt. C [f ,.j]j 
jf;P (1+1 .. 1) >Y 

39: ;:·pc ;1"'1; 
'HO -2 

*27401 

• 
Print resultant matrix by columns 

• 

• 
34 
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ANNOTATED LISTING: 

SUBROUTINE - MATRIX OPERATIONS 

~::1: "~lATR I >:: ": cf ~ 
2,:3 ; if ::<=:;:; D-t~~ 

1: cf'~ 1; [1 '*1-'>,J; 
17K 

2: if f l<31 :3;di ,." 
C [[I , t'1] ; D-'>\'; t'i7Z; 
<3t c' +2 

3: d i,", CUi, E]; 
tH\' ;E -'> Z 

4: ~H G; if :-;#1 
I).nef >~#0; ·~t 0 +9 

5: if ~< = l;:=.f '~ 1 
6: i f D- ti ,),n d 

E=r'l; '::It I) +2 
7: bE'E'p;ci:=,p " I LL 

EGAL SIZES"; 

:::: if (1+1-'>11 ,> D; 
t" E' t 

9: if (,J+ 1 .. ,J»Ei 
;':1..:+ ,J; ·~t (I -1 

1[1: if fl'~l Q, n d 
n,)t fl''l13;-A[ I, 
,J] -'>A [l ,,J l; ',to + 
2 

11 : if fl<31i-
8 [l,,J) -'>8 [1, JJ 

1 2 : A[I..J]+8[I, 
,J] -'>C [1,.J]; ', to -
3 

1 3 : If >~ #::::;~t Ct + 
12 

14: if fl '31:3 ; 
'::;It (I +6 

15 : i f f.i#tq '3 t I) 

:3 
16: i f ( 1+ 1.;. I , " 

; re' t. 
;, fl 

17: i f ("'\+i-t...\» E 
;O..:+.J; ·3t.O - 1 

18: G+E [I~ !<]A[K , 
,J] 7G;,j,.,·,p (K + 
l-'> K) > 0 

19: 17K;G7C [I, 
,J] ; (HG ;,t 0 -2 

:::(1 : If N#E; '3tO 
13 

21: It I, I+1 7IJ .> D 
; re't. 

22: if (~! +17,J)Hl 

;[1-,> ,J ; '3to -1 
2:3 : G+A [ I,I<JB[K~ 

,j] 7G;,j ('lp 'Y+ 
1 7K) > E 

Determine correct dime nsions of output matrix 

Set flag f or subtraction 

Check for compatible dimension sizes 

Addition or subtraction 

f l g 1 set for s ubtraction 
f lg 13 set for reverse order 

Branch if scalar multiplication 

Branch to B*k.section 

Branch if incompatible dimensions 

Multiplication A*B 

Branch if incompat ible d1mens10 ns 

Reverse order 

Mul tiplication B*A 
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ANNOTATED LISTING: 

24: ,H~~;G"C[!, 
.J];O";G;·~~.CI -2 

25: l-t.J; if :)~#3; 

d",p "ILI_EGAL 
OP";sf'::,:I :3;rE't 

26: if (I+l-HPO 
; t" E' t 

27: A[I,,J)nHC[I 
,.j)j,j,.."p (,J+l".j:, 
>E 

2:::: l"".j;,::.3t.o 2. 
29: end 
*25(162 

• Check for illegal operation code 

Scalar multiplication 
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• Matrix Inversion 

FILE 5 DRIVER 

FILE 6 MATRIX INVERSION AND DETERMINANT SUBROUTINE 

• 
37 
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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 (~/4». 

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 

a 
nn 

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 ~3 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: 

a . . 
1) 

is the element in the i th row and jth column, P
k 

is the pivot for the 

kth row, and r
k 

and c
k 

represent the permuted order of the rows and columns. 

1. Normalization: 

for j = 1, 2, ... , n+ 1 

where r
k

, c
k 

for k = 1, n represent the column 

and row permutation vectors. _ 

2. Reduction: 

a .. - a. a ... a .. for j 1, n+l j " ck 
for i = 1, n 

1) 1C
k rkj 1) 

i " r k 

3. Unscramble Solution: 

a' ... 
Ye . for i = 1, n 

l r . j 
1 ) j for 1, n 

Yi 
... a .. for i = 1, n 

1) 

a. ... 
Yr . for j 1, n 

l 1C. 
) ) for i 1, n 

Yj 
... a .. for j 1, n 

1) 

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: 

1. Insert UTILITY ROUTINES cartridge with machine on . 

2. Load the file. 

a. Type in Idf 5 

b. Press EXECUTE 

3. (Optional) 

a. Type fxd N or fltN where N is the number of digits 

to be printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

4. Press RUN 

5. When "NO. OF ROWS?" is displayed: 

a. Enter the number of rows in the matrix (this is also the number 

of columns since matrik is square). 

b. Press CONTINUE 

6. "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 entered. 

a. Enter the element in the Ith row and J th column. 

b. Press CONTINUE 

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

7. When "CHANGES" is displayed: 

8. 

9 . 

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 I, 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 

41 



10. When "A[I, J]" is displayed : "I" and "J It will be equivalent to the 

row and column number of the e lement to be changed. 

a. Enter the correct value of the element . 

b. Press CONTINUE 

c. Go t o step 7. 

11. The inverse of the original will be printed by r ows . The deter -

minant will also be printed unless it i s zero (see Diagnostic ~1essages ) . 

12. "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. 

42 
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EXMIPLES: 

1 1/2 1/3 

1/2 1/3 1/4 

1/3 1/4 1/5 

NO. OF RO~lS? 
3 

A [1.1] ? 
1 

A[1,3J'! 
1/3 

R[2,lJ? 
1 / 2 

R[2,2J? 
1 / 3 

R[2,3]'! 
1/4 

R[3.1J'! 
1/3 

R[~:,2J'! 

1"' 4 

R[3, :~:J'! 

1 / 5 

CHANGES? 

-1 
9 -36 30 

-36 192 -180 

30 -180 180 

- --- I tJIIERS E----

'3.0013000 
-36.001:113013 

313.131300130 

-36 .01301300 
192.13013600 

-180 .(100000 

313.0130000 
-1813 .0(113(1 00 
180.000000 

DETn:t'1I HA~n IS 
0.000463 

43 

REHWERT? 
1 

---- I tWERSE----

BY ROvlS 

1.0000(113 
0. 500000 
0.3:3:3333 

0 .500000 
~3 .333333 
0.250000 

0.33:33:33 
iJ .250000 
0.200000 

DETER~l I NR tH IS 
2160.(100000 



t·w. OF RO~·l S? 
.-, 
"-

A [101]? 

A[1.2]? 
5 

A[2.1] '~' 

9 

A[2.2]'~' 
'j 
'-

CHAt·1GES? 

---- I t·l',,IERSE --- -

8 'l RO~,j S 

-0 . 060606 
~3 .151515 

(1.272727 
- 0. H:1818 

DETERt'1I tlA tH 1:3 
- :3:3 . 000~300 

= 

44 

1=0.060606 0 .15151~ 
.L 0.272727 , -0 .18181J 

RE I ~lV ERT ') 

1 

---- I t·1V ERSE----

Eo.0(10000 
5.000000 

9.00000(1 
2.000000 

DETERt1H1AtH IS 
-0 . 03~3303 
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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 mat.rix 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 var.iables 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 f i le 5. 

PARAMETERS AND VARIABLES ;;SED: 

<INPUT> 

N 

A [,J 

·flg 1 

number of rows (also columns since array is square) 

matrix to be inverted 

set for reinversion of the resultant matrix; clear if first 

inversion of matrix 
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<OUTPUT> 

N 

A [,] 

D 

flg4 

<DESTROYED> 

B 

C 

E 

I 

J 

K 

M 

P 

unchanged 

inverted matrix 

determinant of matrix 

set if determinant is zero 

current largest (in magnitude) available pivot element 

current pivot column 

temporary storage 

loop counter for row 

loop counter for column 

loop counter 

row reduction multiplier 

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: 

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

necessary parameters (N, A[ , 1) to be passed to the subroutine. 

2. Insert UTILITY ROUTINES cartridge. 

3. (optional) 

a . Type fxd N or fIt N where N is the number of digits 

printed to the right of the decimal point (OSNSll). 

b. Press EXECUTE 

4. Load the file. 

a. 

b . 

Type Idf 6, 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 - MATRIX INVERSION 

~3: c.f ·, 1,1:3;ldf 
6,1:::,1 

1: . ·np "Hu. UF 
RO~~S~''', H; if 
fl ., 1:3 ; c.f"., 1:3; 
'3to +0 

2: ~3-tI;1-t.J;di,', 

A Ul, Hl ; ~.pc. 
:3: if (I+.HU>H; 

':'::It CI +3 
4: C+"3 13; E'np 
A[!, .Jl;~.r.'c. ; 
'It.O +0; if not. 
fl'l1:3;.i," P (.J+ 
H.J» t·l 

5: l"* . .J;'3to -2 
Eo: enp "CHA t·lGE :~? 

",B;::.pc ;if 
fl ·,l:3;cf"'l1:3; 
.,t. (0 +4 

7: E·np "RO~~? " d; 
SPC ;if fl'=31J; 
cf '3 1:3; '3t I) + ~) 

:::: enp "COLU~1tY'" 
,.J;~.pc. ;if fl·,l 
J;C.f'3 13;'::;Ito +[1 

'3: Cf'7 l];€'np 
A [! dli ~.Pc. ; 
'It.o H3;if not, 
f1913;9to -~: 

11: I f fl·,4;spc 
4;sl. p 

12: 0-tlil-t.J;=.pc. 
:3;r.'rt. "----IHVE 
~:SE---- " ; ::·pc ; 
prt. "8'/ F~O~'lS"; 

SPC 2 
1:3 : if (I+l;.U> t·l 

;spc. 4;prt. "DET 
ERt'l I tlAtH I:,;", D; 
:':. t-'C 4; '3t I) +:::: 

14: Prt. AU..Jli 
i,"'p (.J+l-t.J»rl 

15: l-tJ; ::;· pc ; 

'3tO -2 
16 : Cf'3 1 :3;enp 
"RElt~VERP", I; 
i f fl,l:3;~.pc. 4; 
E·nd 

17: =.f·, lj ·,t.o -7 

Load subrout ine 

Enter number of rows 

Enter elements of matrix 

Make corrections if necessary 

Branch to subroutine 
Stop if error flag i s set 

Print headings 

Print determinant 

Print inverse 

Check if reinversion is desired 
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ANNOTATED LISTING: 

SUBROUTINE MATRIX INVERSION 

0: "It~VERT":cf"3 
4; 0·H<; HO 

1: (f ti C. I, f 1'~1; 
cl i ,", R [~l] , C [t·n 

,,: d I.K+IH:.,I ) N; 
-=3tCl +27 

3: 0~J-:.')~B 
4: if ( I+1 ~II>t·n 

'3tCI +12 
5: 0~G! 
b: It' ll)+I~I)PK-

1; ·~t.o +3 
7: if I=R[o]; 

"3t 0 -:3 
:::: Slto -2 
'3: if (J+H.J ) tH 

0-:' .J ; ';:It (I -5 
10: ~3Hl 
11: If (Q+HI,'PK 

-1; ':;:Ito +:3 
12: if .J =C [G!J ; 

9tO -3 
1:3 : ';Ito -~ 
14: if ( 'J.bs(A[I, 

.J] H-E P =E:; bP [K 
] ;J~C[KJ ;E~8 

15 : '3to -6 
16: If I.H [I:: [KJ, 

C un] ~PI =0; dsp 
" OET=0"is.f-34; 
b~' E' P; bE' €'P; ret 

17: DhD 
18: F.: un"Pi(:U<]" 

C 
19: ~HJ 
2~3: if ( .J+1".J:i>t·l 

;'3to +:;: 
21: if .J=(:;1 / 

P"A[R, C] ; ·3te. -1 
22: A [P.J].···· P .. A[F.: 
,.J]; ·~to -2 

2:0: <) .. 1 .. ,J 
24: if (I+HI PH 

;S1t CI -22 
25: A[I,C] .. t'l;if 

I=Ri ·3t.o -1 
26: it' (.J+1" .J:i >t·l 

; 0-t.J; '3t (I -2 
27: if .J=C; "1/­

p"A[I, (:];Ho -1 
2:3: A [I,.j] -A [R, 

.J] tHA [I, .J] ;3t. c> 
-2 

Dimension row and column permutation vectors 
unless reinvert flag is set 

Inversion finished - branch to unscramble 

Reduce next r ow 

Check that this r ow has not already been used 

Reduce next column 

Check that this column has not already been 
used 

B will always contain current -l argest element 
current r ow saved in row permutation vector R[] 
current column saved in column permutation 
vectOI: C [ ] 

If maximum e lement is z ero then d e terminant 
is zero 

Update determinant 
R and C are temporary simple vDriables for 
row and column 

Norma lize the pivot row 

Row reduction for r emaining rows 
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ANNOTATED LISTING: 

29: 0-tHJi if 
not f 1<:11; di .. ··, 
YEN] 

313: if ( J+HJ) >N 
i0-tHJi<:lto +5 

31: if' (I+HI) >N 
ie-tIi<:lto +2 

32: A [R [1] .JHYE 
C[I]]j<:lto -1 

33: if ( I+HIl ) N 
je-tIi<:lto -3 

34: Y[IHA[I , J]i 
<:lto -1 

35: if (I+HI)N 
i <:Ito +5 

36: if (J+HJ) >N 
je-tJ;<:Ito +2 

37: A[!,C[J]HYE 
R[J]]i'3to -1 

38: if (J+1-tJ ) N 
ie-tJj<:lto -3 

39: Y[J]-tA[I,J]j 
'3to -1 

413: eH 
41: if' (I+HI) <= 

NiCCI]-tYER[l]]; 
'3to +13 

42: e-tI 
43: if' (I+HIl ) N 

; ret 
44: 0-tJ 
45: if (J+HJ)N 
-li <:lto -2 

46: if Y [J] <=Y [J 
+1]j '3t o-1 

47: Y[JHEjY[J+ 
1] -tV [J]; E-tY [J+ 
l]j-D-tDi'3to -2 

48: <:lto -3 
*17867 

Put permuted rows and columns back into 
original order 

Determine correct sign of determinant by 
number of row interchanges required 
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Simultaneous Equations 
Using Matrix ROM 

FILE 7 DRIVER 

FILE 8 SUBROUTINE "MATS" 
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Cl 
a:: 
« 
~ 

u 
« c.. 
I-­
I-­
lJ.J 
...J 

3: 
lJ.J 
:I: 

F.J 
B 

Cl 
a:: 
« 
~ 
u 
« c.. 
I-­
I-­
lJ.J 

e~ 

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 . 

c 
n 

c 
n 

The advantage of using the matrix ROM is twofold. The subroutine 

itself is significantly shorter allowing a larger system of equations to 

:I: be solved and the routine is significantly faster. Approximate size and 

Cl 
a:: 
« 
~ 

u 
« c.. 
I-­
t-­
lJ.J 
...J 

3: 
lJ.J 
:I: 

~ 
t::J 

Cl 
a:: 
« 
~ 
u 
« 
c.. 
I--eg 
3: 
lJ.J 
:I: 

F.J 
B 

time estimates are available in the Special Considerations section. 

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 

1. The matrix ROM is necessary for this program. 

2. 

3. 

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 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 

A determinant (available in DJ 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 : A[N,N] 

e[N] 

X[N] 

A * X 

matrix of coefficients 

constant vector and 

vector of solution then: 

e and the solution is computed with the formula X 

54 
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INSTRUCTIONS: 

1. Insert UTILITY ROUTINES cartridge with machine on. 

2. Load the file. 

a. Type in Idf 7 

b. Press EXECUTE 

3. (Optional) 

a. Type fxd II or flt N where II is the number of digits 

printed to the right of the dec i mal point (09N~ll). 

b. Press EXECUTE · 

4. Press RUN 

5 . When "NO. OF EQS?" appears in the display: 

a. Enter the number of equations (also unknowns) to be solved. 

b. Press CONTINUE 

6. "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 entered. 

a. Enter the real number or expr.ession for the coefficient in the 
th th 

I row and J column. 

b. Press CONTINUE 

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

entered. 

7. Whe n "CHANGES?1I 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 nee d to make changes. 

b. Press CONTINUE 

8. When "RO~l?" is displayed: 

a. Enter the row number of the coefficient to be changed. 

b. Pre ss CONTINUE 
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9. l~hen IICOLUMN?" is displayed: 

a. Enter the column number of the coefficient to be changed. 

b. Press CONTINUE 

10. When "A [I I J]II is displayed: 

a. Enter the correct coefficient. 

b. Press CONTINUE 

c. Go to step 7 

11. "CONSTANT VECTOR?" will be printed. 

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

the constant vector. 
th 

a. Enter the value of the I component of the constant vector. 

b. Press CONTINUE 

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

have been e ntered . 

13. 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 

14. When II ROW? II is displayed: 

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

be changed. 

b. Press CONTINUE 

15. When C[I] is displayed: 

a. Enter the correct value. 

b. Press CONTINUE 

c. Go to step 13. 

16. The roots will be printed beginning with Xl and ending with X
n

. 
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EXAMPLE : 

3X + 2x + X = 10 
1 2 3 

5X1 2X2 + X3 = 4 

c 

HO OF EOS" 

A[1,iJ'~' 
.-, .:.. 

.-, 
<. 

R [ i,3J '~' 

i 

A [2dJ '~' 

'" '-' 

-2 

A [2,:;:] '-} 
1 

A[J,iJ? 
- 6 

A[:3,2J ? 

AD,:3J'~' 
(1 

CHAt·iGE S ,~, 

57 

1 

x = 2 
" , 

x = 3 
3 

COrl::;TF:ri T liECTDF.: ') 

C [1J ,~, 

113 

C[2Jr.' 
4 

C [:3 J ,~, 

~) 

C H A t~ G E ::; ,~, 

--- -P OOT::; APE-- - -

1.1313[11:11313 
2.01300(1 (1 
:3.1313(1000 



"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: 

al,l a l ,2 a l ,3 a 
l,n xl c

l 

a 2 ,1 a 
2,2 a 

2,n 
x

2 
c

2 

a 3 ,1 = 

................................... 
a n,l a x c 

n,n n n 

a . . are the coefficients, x. the roots and c. the constants. 
1,J 1 1 

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 

e[N] vector of constants 

<OUTPUT> 

N, e IN] unchanged 
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A[N,N] 

X[N] 

D 

<DESTROYED> 

A[N,N] 

inverse of original matrix 

vector of solution Xl' X
2

, ... , Xn 

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) 

4. 

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 Idf 8, N, M where: 

b. 

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

be loaded into memory. 

M line numbe r where execution is to begin after the sub­

routine is loaded. 

Press EXECUTE 

6 0 
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ANNOTATED LISTING: 

>1: cf" 13; Ielf ;::, 
1'3,1 

1: E·n ... "HO UF 
EI]S ?", t·l; ~ .... c i 
if f 1·,1:,:; cf, 
13;"3to +121 

2: t1~'I;1-t.J;di !YI 
AU1,tn ,c[t·l]; 

:3: if I.I+HI.I.>f·J; 
'3t.o +3 

4: cf~ l:~:;.:np 

A[I,.J];" .... c; 
'':Ito +[1;if not. 
fl·,13;j,."p (J+ 
1.,JPH 

5: 1.;...J;'3tcl- 2 
6: E'np "CHHf1I~E::;'" 

II , I ; s p c 2; i f 
fl',13;c1'-313; 
'Ho +4 

7: E' n p "F~ CI ~.J ? '~ , I ; 
SPC ; if f 1'313; 
c.f'3 13; ";It 0 +~) 

:::: E-np "COLUNt·~?" 

· ,·Jh;pc iif fl''ll 
:3;c.fg 13;·:::to +t1 

'3: c. f ·~ 13; E'n f" 
A[I,.J];~.pc. ; 
·no +0; if not 
fl"=313;9to -3 

1[1: ::.PC 2;prt 
"COt~STAtn VECTO 
~:s'''; :;.PC ; 1" I 

11: c.f, 13; enp 
C[Il;spc ;'31.0 + 
0; if not fl'313; 
j,."p (I+1.,Il>t·l 

12: etw "CHAt'lGES 
':"",Iiif fl',l:3; 
sto +3 

1:3: enp "ROI·l? " , 
Ii spc ; if fl,l:3 
;cf '::1 13;"=3to +~3 

14: c.f ·, 1:3; E' np 
C[Il;sp.:. ;'31.0 + 
0; if nor. f 1'31~:; 
'3to -2 

15 :,sb "plATS" 
lE,: :;,r.:'c 2; prt. II 

--P OOTS ARE--­
";l~I;spc 2 

17: Pt-r. )nI]; 
.j,." ... (I+l.,IPt·l 

18: s·pc· 4; end 

DRIVER - SIMULTANEOUS EQUATIONS 

Load subroutine 

Enter number of equations and dimension 

the matrix of coefficients 

Enter elements in matrix of coefficients 

Make necessary corrections to matrix of 
coefficients 

Enter constant vector 

Make any necessary changes to constant 
vector 

Branch to subroutine 

Print roots 
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ANNOTATED LISTING: 

0: "t1AT ~:;" :di""1 
>~ [t·1J 

1 : 1 n ,! A·Hi , D 
.:' . VleJ. t A*C"';:':: '- . 
3 : r E· t· 
*22716 

SUBROUTINE - SIMULTANEOUS EQUATIONS WITH MATRIX ROM 

Dimension result vector • compute inverse and determinant 
compute vector of solutions 

• 

• 
62 
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. Simultaneous Equations 
(Maximum· Accuracy) 

FILE 9 DRIVER 

FILE 10 . SUBROUTINE "SOLVE" 
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CI 
cr 
« 
~ 

u 
« a.. 
l­
I­
lLJ 
....J 

~ 
lLJ 
:J: 

~ 
El 

CI 
cr 
« 
~ 
u 
« a.. 
l­
I-

e~ 
lLJ 
:J: 

Iiil 
~ 

CI 
cr 
« 
~ 

u 
« a.. 
l­
I-. 
lLJ 
....J 

~ 
lLJ 
:J: 

Iiil 
~ 

CI 
cr 
« 
:Ii:: 
U 
« 
a.. 
I-.8 
~ 
lLJ 
:J: 

~ 
El 

SimultaneoUS Equations 
(Maximum ~ccuracy) 

This program solves a system of N simultaneous linear equations 

with real coefficients in N unknowns. 

= a 
2, n+l 

a x = a 
n,n n n,n+l 

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

whose values are real numbers (e.g. 1/2, ~3, sin (rr/4». 

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. 

2. 

The maximum number of equations 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 

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 ' 

IIDET = 0" indicates that the system cannot be solved since the de ter-

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: 

2, 

a
k

, 
.JSL -+ ~j, for j = n+m, n+m-l, ... , k a

kk 

Reduction: 

for i = 1, 2 I ••• , n 

j = n+m, n+m-l, '" , k 
(i t- k) 

k 1,2, ... ,n 

REFERENCES: 

1. Carnahan, B., Luther, H.A. and Wilkes, J.D., Applied Numerical 

Methods (New York: John Wiley & Sons, 1969), pp. 270 - 273. 
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INSTRUCTIONS: 

1. Insert UTILITY ROUTINES cartridge with machine on. 

2 . Load the file: 

a. Type in Idf 9 

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 (O$N~ll). 

b. Press EXECUTE 

4. Press RUN 

5. When· "NO. OF EQS?" is displayed: 

a. Enter the number of equations to be solved. 

b. Press CONTINUE 

6. "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. 

a . Enter the coefficient in the Ith row and J
th 

column . 

b. Press CONTINUE 

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

entered . 

7. 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 CONTI~UE 

8 . When nROW?l1 is displayed: 

a . Enter the row number of the coefficient to be changed. 

b. Press CONTINUE 
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9 . When IICOLUr.rn?" is displayed : 

a . Enter the column number of the coefficient to be changed . 

b. Press CONTINUE 

10. When "A [I, J] " is disp l ayed, II I" and "J" will be the row and 

column numbers of the coefficient to be c hanged . 

11. 

a . Enter the correct coefficient 

b. Press CONTINUE 

c . Go to step 7. 

The roots will be printed beginni ng with Xl and ending 

the system cannot be solved the messa ge " DET ~ 0" will 
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be printed. 
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• EXAMPLE: 

• 

Xl + X2 = 3 

2X
I 

- 2X
2 

= -2 

69 

tlO. OF EGIS? 
2 

AU,2]':" 
1 

A[1.3]':" 
:3 

A[2~2]? 
-2 

A[2,:3J? 
-2 

CHAtlGES? 

---F.:OOTS APE----

1.000000 
;;:.OO~3000 



"SOLVE" SUBROUTINE 

This subroutine will solve a system of N simultaneous linear 

equations with real coefficients in N unknowns. 

+ a
l ,n 

+ a
2 , n 

x a 
n 1, n+l 

x = a n 2, n+l 

+ a x 
n,n n 

a 
n,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 cal ling 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 he found on 

Page 73 or in file 9. 

PARAMETERS AND VARIABLES USED: 

<INPUT> 

N 

A[N, N+lJ 

number of equations (unknowns) 

matrix of coefficients where the first subscript is the 
row 
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• <OUTPUT> 

N 

X[N] 

fIg 4 

<DESTROYED> 

B 

I 

J 

K 

R 

• S 

T 

A [N, N+l ] 

• 

unchanged 

vector of sol utions X. for i = 1, N 
~ 

set if the determinant of the matrix of coefficients 

is zero - indicating that system is unsolvable . 

current l argest (in magni tude) element in search for pivot; 

a l so used for pivot. 

loop counter used as row subscript 

l oop counter used as column subscript 

loop counter 

row which contains l argest ·pivot available 

partial sum used in back solve proc es s 

temporary storage 

matrix of coefficients 

71 



INSTRUCTIONS: 

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

necessary parameters (N, A [ ,"] ) to be passed to the subroutine. 

2. Insert UTILITY ROUTINES cartridge. 

3. (Optional) 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

4. Load the file. 

a. Type ldf 10, N, M where: 

N = line number where the first line of the subrout~ 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 

0: ct -, 13; 1dt 
1001501 

1: e-np "tW. OF 
EQS? ", t·i; SPC ; 
if fj -,1 :3 id, 
1:;:; -,\-0 +0 

2: 0·t!;1"J;di,y l 

AU1 ,tHl] 
~:: if (I+HIl>fn 

.:;t. CI +3 
4 : c.l":; l~:;€'np 
8[I,J];s-pc; 
-, t,:, H); if rl'Jt 
f 1-,1 :3 ; j f'-,F-' (J+ 
H -Jl H1+ 1 

5: l -t.J;'3to-2 
6: SPC ;~np "eHA 

t·~GES ?" , B; :;·pc 2; 
if fj-'li3;'3t-o +4 

7: €, t)p "F.:O~~?",I; 

spc. ; if f 1-,1:3; 
c.f·:; 1:3; ':;It (I +0 

E:: e-n p "COLUt'Hl?" 
,.J; spc. ; if fl'31 
3 ; ct' '3 13; '3t.· Cl +0 

A [I, J]; SF-' ':' ; 

-3t-O +[1j if not 
f l':;l:~:; Sit Q -3 

10: -,sb "!30LVE" 
11: ::.pc 4; If 

f 1'34; s-tp 
12: p rt. "---ROOT 

::; ARE----"; ::;.pc 

U" I 
13: prt >~ [IJ; 

,'f'IF-' (I+1"I »H 
14: e-nd 

Load subroutine 

Enter number of equations and dimension 
matrix of coefficients 

Enter matrix elements 

Make necessary corrections 

Branch to suProutine 

Print roots 
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ANNOTATED LISTING: 

(1: "~:;OLVE ":cf '~ 
4;0-tI 

1: if (I+PI)=tH 
9to +15 

2: I l-:>kHcHB 
]: if !:K+1-:>fCI >Hi 

';:It 0 +:3 
4: if (o.bs.(A[K, 

I]HT)BiHE:; 
f< -:> F: 

5: '3t.O -2 
6: if E:=0;sf'~ 4; 

cis p .. D E T = 0 .. ; 
r E' t 

7: H.J; if I-F:; 
'::3~. I) +2 

:3: A[I,.j]-:>TiA[F.:, 
J] -:>A [I, .J]; HA [F: 
,..!];,i"",p (J+1-:>.J) 
>tH1 

'3: I+PJ;HtI, 
I J -:> B 

10: A [l, JJ·'E:-:>A [l 
,J]; .j"',p (J+1-:>.)) 
Hl+1 

11: Hf< 
12: if (K+l-+K»t·~ 

;<3t.o -11 
1:3: I+1";".J 
14: A[K..JJ-A[f~:, 

IJA[] ,Jl -:>AU:, 
Jl;.j,.··, ... (J+1-:>JJ> 
tH1 

1~ : '=It-I"! -3 
16: if A[tjd-iJ=~)i 

O-:>E:; ·,t.o -1(1 
17: dL" :·:tf.lJ; 

A [t'i, tH1l /A [ri, 
plJ -:> :": [tD i pi-:> I 

1:3: if (I-1-:>I:t<1 
; tP E' t 

1'3: O-:>S; tHf< 
20: ACI,n:·<CK]+ 

S-tS; .5I'iP (K-l-:+t<) 
<=1 

21: A[l,t-j+1J­
S-:.X[I];'3t.o -:3 

SUBROUTINE - SIMULTANEOUS EQUATIONS 

Branch to backsolve if all rows are reduced 

Find maximum pivot row 

If maximum pivot is zero - determinant is 
zero 

If present row is pivot row - no need to 
switch rows 

Interchange row I with pivot row R 

Normalize pivot row 

Reduction of all rows higher than pivot row 

Check for zero determinant (last pivot 
element = 0) 

Backsolve process once matrix has been reduced 
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(Maximum Size) 

FILE 11 SIMULTANEOUS EQUATION ROUTINE USING MINIMUM AMOUNT 

OF SPACE 
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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. 

+ a x = a l,n n l,n+l 

+ a x = a 2,n n 2,n+l 

+ a x = a , n,n n n,n+l 

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 'f ,ound. 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 progrQroS are present then the following limitations 

apply: 
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If N is the number o f equations then: 

N < 36 on a 6 , 844 byte machi ne 

N < 57 on a 15 , 036 byte machi ne 

N < 73 on a 23,228 byt e machine 

N < 85 on a 31 , 420 byte machine 

2. "DET = A .. indicates that the system has no solution. Enter the 

coefficients againJ with the rows in a differ ent order. 

3 . The time requ irements for this program are negligible since calcu­

lations occur after each coefficient is entered . 

FORMULAE: 

If j ::; i 

a, ' - a
ik * a

kj 
..,. a, 

~J ~j 
for k = 1, j - 1 

If j > i 

a, - a
ik * a

kj 
..,. a . . 

~j ~J 
for k 1 to i - 1 

a, .la, , ..,. a, 
~J ~~ ~j 

For backsolve process: 

a ..,. x 
n , n+1 n 

x, = a -
1 i , n+l 

i +l 
1: for i = n- l , n- 2 , . . . 1 

For correspondence between U[K] and A[I , J ] 
1-2 

K = (I - 1) [N - 2 ] + J - I 

REFERENCES : 

1. Hewlett Packard 9820A Math Pac , pp. 37 - 41 . 

VARI ABLES USED: 

A 

I 

J 

current coefficient being enter ed 

current row number 

current column number - rein i t i a l ized 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 a, . of current row i where i S j 
1.) 

A[ll is the first element of row 

A [I) is the pivot element for 
.th 
1. 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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INSTRUCTI ONS : 

1. Insert UTILITY ROUTINES cartridge with machine on . 

2. Load the file. 

a. Type in Idf 11 

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 (O <N<ll). 

b. Press EXECUTE 

4. Press RUN 

5. When "NO. OF ROWS ? " is displayed: 

a. Enter the number of rows. 

b . Press CONTINUE . 

6. When "ROW I" is printed, "I " represents the curre nt row of coefficients 

to be entered. Go to s t ep 7. 

or 

If all rows · have been entered, go to s t ep 8 . 

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

a . Enter the ne xt 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 . 
..,. 

8. The roots Xl' x
2

' . .. Xn will b e printed unless the e rror "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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EXAMPLE: 

• 

• 

3X
1 

- x
2 

+ 2X
3 

= 0 

X + 5X + 7X = 15 
123 

-5X
1 

+ 2X
2 

+ 9X
3 

= -11 

X = 2 
1 

X = 4 
2 ' 

X3 = -1 
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tjO. OF F.:O(·lS';' 

E:'i F~O(·lS 

RO(·l 

F: 0 (·1 

:3 .OO(1~)~j(1 
-1 .0 0[1000 

2.0.:10(100 
~). 0(10 ~)~j ~:1 

1 .00 000(1 
5 • ~3 ~:) ~:::1 ~) ~) ~:::1 

7.00[1000 
15.~:100[HjO 

- 5 .0 00000 
2.000000 
'3.000000 

-- 11.[10~:1r100 

- ---POO TS AF:E----

2.00.:1000 
4.~)0 ~jOO~) 

-1. 000000 



ANNOTATED LISTING: 

[1: c.f-3 1::::; .;-np 

"~lO . OF RO~lS'I", 

Hi if f l'~1:3; 'HO 
H) 

1: di ,', A[~1],U[.5 

tHtH1)] ;O"H:J; 
SPC ; r-ort "BY 
RO~·lS"; :;.pc. 

2: if (I+HIJ>tH 
·~t 0 +1(1 

3: spc ;pn. "ROI·l 
",I;spc 

4: if (.J+l~.j» t·~+ 
1; :;· pc. ; (1'oJ; Sit 0 
~, 

-,;::. 

5: etH "AEI,.J]", 
A;prt A;Hf(;if 
I <J; 9to +4 

6: If J=l;H"H[1] 
; ·~to -2 

7: A-A [KJ U [U(-
1) (H-.5 U(-2)) + 
J-f::] -;A ; ..i,',p (K + 
1'HCI>-J-1 

:::: A"A [J] ; ·~t 0 -4 
'3: if I#1; A-A tn 

U [00::-1) (lj- . 5 1:K-
2) ) +J-f<] -)A;..i f", P 

(K+HK) > 1-1 
1(1: if A EI]#(1i A, ' 

AUHU[ ( I-1) (H­
.5 (1-2) ) +J-l]; 
'3t (I -E, 

11: ::.pc. 2; pr\. 
"DET=(l"; s~~' 

12: U[.5tl(t·j+1)]" 
A[H];tHI 

1:3: if (1-1 .. 1) <1 
;SI~.C' +4 

14: tHJ; O"S 
15: S+A[J]U[(I-

1) (l-j-.5 (1-2) H 
J- I] .. t;;..i ,,',p (-J­
H-J) <1+1 

16: U[(I-1) OJ­
.5:: 1-2) HH+1-
IJ--:;"A[I)iSlto -
3 

17: 1"I;:;·pc 3; 
p rt. "---ROOTS 
ARE----."; : .pc 

18: prt. A [IJ; 
..i,",p (I+1"I::>t, 

19: SPC 4;'E'nd 
*1'3871 

SIMULTANEOUS EQUATIONS - MINIMUM SPACE 

Initialize storage needed 

Enter coefficients A[I,J] where 

I = row and J = column 

If column 1 just save 

If column number less than diagonal element 
perform row reduction 

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

If pivot element is zero - determinant is 
zero 

Backsolve process 

A -+ X n.,. n+l n 

i+l 
A. = L XkAik ~, n+l 

k=n 

Solutions Xl' X2 ... Xn are stored in 

array A[l], A[2], ... , A[N) 
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Numerical Integration Of 
User-Defined Function 

(Simpson's One-Third Rule) 

FILE 12 DRIVER 

FILE 13 SUBROUTINE "SIMPSON" 
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Cl 
0:: 
« 
:.:: 
u 
« 
0-

l­
I­
UJ 

.~ 
J: 

~ 
t=l 

Numerical Integration Of 
User-Defined Function 

(Simpson's One-Third Rule) 

b This program approximates f f(x)dx by calling the subroutine 
a 

"SIMPSON" in file 13 on page 89 . The user defines the function f (x) 

which may be algebraic of the form a
O 

+ alxel + a
2

xe2 + .. . + anxen 

with a, real and e, rational (e.g., x3 + X3/J +4X) or transcendental 
1 1 

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

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 

1. "BOUNDS REVERSED" 

than upper. 

2. "DEFINE FUNCTION" 

function . 

FORMULAE: 

indicates the lower intergral bound is larger 

indicates that the user forgot to define the 

Simpson's One-Third Rule : 

~ f(x)dx ~ ~ [f(a) + 4f(a + h) + 2f(a + 2h) + 4f(a + 3h) + ... 

+ 4f(a + (n - l)h) + f(a + nh») 

where n = number of intervals, 

h = 
(b - a) 

= interval size 
n 

REFERENCES: 

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

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

1. Insert UTILITY ROUTINES cartridge with machine on. 

2. Load the file. 

a. Type Idf 12 

b. Press EXECUTE 

3 . (Optional) 

4. 

5. 

6. 

7. 

8. 

9. 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

Press RUN 

\'/hen "DEFINE FUNCTION" ?ppears in the display: 

a. Type gto II 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" i 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 t o 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 c and d until the complete function has been 

entered. 
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10. Continue execution 

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

character rather than pressing the COIlTINUE key). 

b. Press EXECUTE 

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

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

interval size halved. 

b. Press CONTINUE 

12. When "EPSILON" appears in the display: 

13. 

14. 

15. 

Either 

a. Enter the error tolerance stopping criterion. lihen the dif­

ference between two successive computations of the integral 

is less than this value, 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 CO~TINUE 

or 

Press CONTINUE if you only want the answer printed. 

16. The integral will be printed . 
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EXAMPLES: 

['lr'l :'< tlO OF I TEF:'~' 
6 

EP ::; I LOt·i ? 

L 0 \,1 E R 8 I] U t·j D ,) 
-4 

UFF'EF.: 80Ur'lD'~' 
2 

F'U F'A~:T I I'lL F:E :,;r., 
1 

# IHT'/ 
AF:E A 

# I t·j T ',,.. 
FIPER 

2,,~:)[1 

-1 ::::2.Ci(i 

4 .00 
-132.00 

IiHEGF.:AL FROt'1 
-4.00 
TO 

2 . '.:H:J 

I ':. 
'.' 

/
2 3 2 

-4 ex -2x +3x-1)dx = -132 

~lA:'~ t-lO OF ITEP? 
6 

EPS I LOtl '~' 
.~)~)0001 

L [I ~l E P E: 0 U t·l D ':;, 
-2 

UPPE F' 80Ut·W? 
.j 
"-

PF.:T PFjF:TIRL F:ESQ 
1 

# !tH',,.. 
AF.:EA 

# I tl T'.,.' 
APEA e- .-, .-, .-, .-, .-, .-, 

,_I •• ; • • ,) .:. •• :. • .:J .:.. 

I tHEGF.:AL FR[lt'l 
-2.0000(10 

TO 
2. 000~30(1 

I , .. .;. 

/2 l(2dx = 16/3 = 5.333333 
-2 
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"SIMPSON" SUBROUTINE 

This subroutine will approximate 

function f{x) which must be stored in 

f> 
a 

the 

f{x)dx for the user-defined 

form f{X) + Y (e.g., Xt2 + 2X + 

3 + Y) . Because the function is user defined, it may be algebraic of the 

form a
O + axel + a xe2 + .. . + a xen with a, real and e, rational 1 2 n ~ ~ 

(e.g . , X3 + 3x3/ 2 -.,/X) or transcendental (e.g. sin (X) + cos (X) ) , but 

must be continuous over the interval [a, bJ. 

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

o{h
4

) 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 caiculation 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 
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B 

E 

f(X)->-Y 

flg 3 

<OUTPUT> 

A, B, M, E 

S 

flg 2 

<DESTROYED> 

F 

1 

L 

N 

w 

x 

Y 

flg 6 

upper bound of integration 

epsilon; error t olerance between successive integral 

computations that will halt procedure 

function must be defined by user (see instructions for 

correct procedure to do this) 

should be set if you would like intermediate results 

printed 

unchanged 

integral f b 
f(x) dx 

a 

set if integration bounds are reversed 

previous value of integral used for stopping criterion 

loop counter for number of iterations; must be less than M 

domain argument 

current number of intervals (2t1 = N) 

i n terval size (B - A) /N 

domain argument for function evaluation 

functional value f(X) 

used to eliminate the epsilon stopping criterion on first 

computation of integral 

90 

• 

• 

• 



• 

• 

• 

INSTRUCTIONS: 

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

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

2. Insert UTILITY ROUTINES cartridge. 

3. Type Idf 13, N where: 

N = line numbe r where first line of subroutine should be loaded into 

memory. 

4. Press EXECUTE 

5. (Optional) 

6. 

7. 

8. 

9. 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

Find the line where the function is to be stored. 

a. Type gto II 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 

10. '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. 

d . 

Type the next line of the function definition 

Press INSERT (line INSERT not c haracter INSERT) 
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e. Repeat steps c and d until the complete function has been 

entered 

11. Continue execution. 

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

should begin (do not press CONTINUE key; you must type "cont" 

one character at a time). 

b. Press EXECUTE 

12 . Your program is ready to run. 
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ANNOTATED LISTING: 

0: 1df 1 ~: , H h 1 
I: dsp "DEFINE 

FUNCTION";stp 
2: c.f"3 13;spc ; 

enp "t1A X t~O OF 
ITER?", ~1; spc 
if f 1~1 3 ; cf '3 
13;~t o +0 

3: enp "EPS I LOFl? 
.. , E ; s pc; i f 
fl '313;cf~ 13; 
1e-6-tE 

4: enp "LOWER 
BOUND?", A; ~. pc 

if n '313;cf~ 
13;~to +0 

5: e'np "OPPER 
B O Ut~D ')" , B; spc 
if fl~13;cf~ 
13; '3t o +0 

6: ::.f"3 3; e-np 
" PRT PARTIAL 
RES? ", I;spc ; 
if f 1 '313; c. f~ 3 

7: ~sb "SIMPSUN" 

9: ::.pc. Z;prt 
" INTEGRAL FROW' 

A " , , 
TO" , 8," ","IS", 
S ;SPC 4;end 

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 succe ssive calcula­
. tions of integral 

Lower integration bound 

Upper integration bound 

Should the partial results be printed? 

Branch to subroutine 
Stop if error flag is set 

Print integral and integration bounds 
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ANNOTATED LISTING: 

0: "S I t'lPSOH " : 0 .. I 
-*8; ct' ·; 2; :=.f '; Eo 

1: if A>8; dsp 
"BOUt·lD:3 REVEF.::3E 
O" ;::;.t" :;:1 2;re't. 

Slsb "EVA L" 

5: if cI+1-tIJ>tH 
F-tS ; re't 

6: 21I-tfl;((8-A)/ 
tHH) +A";'~; Slsb 
"EIIAL" 

7: S+4'y'-:.S; A-tL 
8: if I L+2lHLJ<E: 
;~t.o +5 

9: ~·JS ,····:.:.-t::;; 1 f 
fl·.:::;prt "# 
ItH \I", t·l, "AREA", 

10: if fl"t';d ·. 
6;~to +2 

11: if ".b::.iF­
:3) <E; rE·t. 

12: S-tF;T-t:;;~t.o 

-7 
1 ·:' . 
~" 

L" 
14: S+2~1) ·jS; L+ 

11->;":; %b "E',,IAL" 
15: ::;+4\,-*8; '3~, I) -

7 
16: "E ',,I AL" 
17: bE'€'p; be'E'p; 
d~. r.' " DEF HlE 
FUHCTIOt·l " ; ~.tp 

1 ~' . 
,~ . 

*15:31':, 

SUBROUTINE - NUMERICAL INTEGRAION - SIMPSON'S METHOD 

Check for lower bound greater than upper 
bound 

Functional values of initial and final values 
of integral are saved in T 

Compute number of intervals (N), interval 
size (W), and first interval value (Y) . 
Lower bound is assigned to L. 

L is increment e d by 2 interval sizes up to 
the upper bound B 

Print approximation to integral 

Flag 6 cleared after f1rst pass through loop 

Check if stopping criterion satisf1ed 

Save former sum for convergence check 

Multiply successive function values by 2 or 4 
and update the sum 

Line 17 will contain the user 's function 
definition 

94 

• 

• 

• 



• 

• 

Numerical Integration Of 
User-Defined Function 
(Romberg Quadrature) 

FILE 14 DRIVER 

FILE 15 SUBROUTINE "ROMBERG" 
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Cl 
Ct: 
<{ 
~ 
U 
<{ 
c.. 
l­
I­
W 

.~ 
J: 

fi'1 
B 

Cl 
Ct: 
<{ 
~ 
U 
<{ 
c.. 
l­
t-. 
W 
...J 

3: 
w 
J: 

fi'1 
B 

Numerical Integration Of 
User-Defined Function 
(Romberg Quadrature) 

This program approximates 

"ROMBERG" in file 15 on page 102. 

! b f (x)dx by calling the subroutine 
a 
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, bJ. 

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 

1. 

2 . 

3. 

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 0(h4)) so the smallest inter-

val size should be chosen accordingly. 

"BOUNDS REVERSED" indicates that the lower integration bound is 

larger than the upper. 

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

function to be integrated. 

FORMULAE: 

Trapezoid Rule: 

T . 
~ 

integral evaluated for i trapezoid intervals . 

T . = 
~ 

h 
2 

i-I 
(f(a) + f(b)) + h E f(a + jh) 

j=l 

T2i = integral evaluated for 2i trapezoid intervals. 

We can compute a new approximation 
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Further extrapolation computes approximations according to the formula: 

4j T (j - 1) T o (j - 1) 
T (j) = _...:..2~=-o _-,,--__ =-~ __ _ 

2i 0 

4J - 1 

The resulting matrix: 

T (1) 
2 

T (1) 
4 

T (1) 
8 

T (1) 
16 

T (2) 
4 

T (2) 
8 

T (2) 
16 

T (3) 
16 

T (4) 
16 

(0) th 
is called the tableau where an element To J represent the j approxi­

~ 

mation of the integral with i intervals. 

REFERENCES: 

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 Idf 14 

b. Press EXECUTE 

3. (Optional) 

4. 

5. 

6. 

7. 

8. 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (091~ll). 

b. Press EXECUTE 

Press RUN 

When "DEFINE FUNCTION" appears in the display: 

a. Type gto "EVALII 

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 

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 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 
I 

d. Press INSERT (line INSERT not character INSERT) 

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

entered. 
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10. Continue execution. 

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

character rather than pressing the CONTINUE key). 

b. Press EXECUTE 

11. When "MAX NO OF ITER" is displayed: 

12. 

13. 

14. 

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 IILOW BOUND?" is displayed: 

a. Enter the lower integration bound . 

b. Press CONTINUE 

When "UPPER BOUND? 11 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. 

15. 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. 

16. The integral will be printed. 
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EXAMPLES: 

• 

6 

LO~,JEF: BOUrlD'~' 
--2 

EP::; I LOt·i 
.(1(1 (1(11 

~'Rltri TABLEAIY' 
1 

16. ~:H)(1(1(1(1 
:::. (1(1~:;OO(1 
Eo . (1(1(10~)(1 
5.5(H)(1(H) 
5. ::;7~iO(1~3 
5 u ::::4::::"?5~3 

5. :333:333 
5. :3333:33 
5.:333333 
5.3:33:~:33 
5. ::::3:3 ::::33 

I ~rTEGFUiL. FPOt'l 
-2.0.)(1000 

TO 
2 .~:1(10 0~3(1 

I ,:' 
'-' 
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This example is in 

radian mode . 

t'lA:": HO OF I TEF:'~' 
4 

LO~,JER E:OUt'lD'~' 
o 

UPF'EF: BOU t'lD') 
fi' 

EF'S I LOt,; 

PR UH TABL E!'i!Y' 
1 

[1. 0~3;:1000 
1 . 57(i79E. 
1.8%119 
1.974232 

2.(i94~:95 
~?~:::1045E.0 
2 • 0(1<3269 

I tHEGRAL F F.: 0 t'l 

I ':' '-' 

o . [1 ~3 (1 ~:::i ~:::i (1 
TO 

:3 . 1415'33 

2.000000 



"ROMBERG" SUBROUTINE 

This subroutine will approximate 

function f(x) which must be stored in 

f> 
a 

the 

f(x)dx for the user defined 

form f (X) + Y (e .. g. xtz + 

zx + 3 + Y). Because the function is user defined, it may be algebraic 

of the form aD + axel + azxez + ..• + a xen with a. real and e. rational 
1 n 1 l. 

(e .g. x3 + 3X3/ Z - JX) or tra~scendental (e . g. sin(X) + cos (X)) , but 

should be continuous over the interval [a, bJ . 

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. 

berg tableau may optionally be printed. 

The resultant Rom-

The stopping criterion for this method is either a maximum number 

of interval halvings or successive computations of the interval differing 

by l ess 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 <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 10·7 or in file 14. 
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PARAMETERS AND VARIABLES USED: 

<INPUT> 

~I maximum number of iterations where 2M is the maximum 

A 

B 

E 

flg 3 

f(x)"'"Y 

<OUTPUT> 

M, A, B, E 

T [0] 

flg 2 

<DESTROYED> 

F 

G 

I 

N 

P 

Q 

R 

number of intervals. Thus there' viiI,l 'be 'at ' maSt 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 s hould be stored in "EVAL" subroutines 

unchanged 

. . of fb f (x) dx apprOXlmat10n 
a 

set if integration b o unds were reversed 

previous compute d integral value used to check if error 

tolerance is satisfied 

temporary storage 

loop counter 

used to dete~ine the number of intervals in initial com-

putation of trapezoid approximations (l<N<M), and as sub­

script for column entries in tableau 

2N_l, used for extrapolation 

2
N

, the number of intervals 

N-l 
2 , used for extrapolation 
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s 
x 

y 

T[ 

flg 6 

used for partial sums in computation of integral 

domain argument for funct-ional evaluation 

functional value f(x) 

contains a single column of the tableau 

used to eliminate error tolerance check on initial computa­

tion 
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INSTRUCTIONS: 

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

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

2. Insert UTILITY ROUTINES cartridge. 

3. Type Idf 15, N where: 

N = line number where first line of subroutine should be loaded 

into memory. 

4. Press EXECUTE 

5. (Optional) 

a. Type fxd N or fIt N where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

6. Find the line number where the function is to be stored. 

a. Type gto "EVAL" 

b. Press EXECUTE 

7. Press STEP 

8. Press STEP 

9. 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 

10. '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. 

d. 

Type the next line of the function definition 

Press INSERT (line INSERT not character Il~SERT) 
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e. Repeat steps c and d until the complete function has been 

entered. 

11. 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 Ucont" character by character). 

b. Press EXEUCTE 

12. Your program is ready to run. 
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ANNOTATED LISTING: 

~): Idf 15.11.1 
1: dsp "DEFIt4E 

FUt·4CT I Ot'4 " ; s.t p 
2: C.f';1 1 3;spc. ; 
~'np "r'lR>~ rW OF 
ITER?", ~1; s·pc 
if f 1 '31:~:; d'3 
13; "3t.O +0 

3: enr.- "LO~·lEF: 
BOUt·W?" , R; S. pc. 

if f1'31:3;cf'3 
1:3; '3t 0 +(1 

4: €'n~' "UPPER 
BOUtW ':'-", B; sr.-c 
if f1gU;cf"3 
1:3; ·3t.0 H) 

5: E·nr.- "EPSILOti" 
,E;~.r.-c ;if fl '31 
3;(.f'3 13;1E'-6~E 

6: ~. f9 :3;e-nr.· 
"PRItH TAE:LERU? 
",R;spc. 2;if 
t'lg13;dg :;: 

7: '3S[, "FWr'lBEF.:G" 
:3: If fl '~:::;stp 

" 

10: r.-r-t, "ItHEGF.:R 
L F F.: [I W' , A, " 

TO",B," 
","IS",T[~3]; 

::;.F='C. 4; e'nd 
*11074 

DRIVER - NUMERICAL INTEGRATION - ROMBERG 

Load the subroutine 
User must def1ne h1S tunct10n 1n the sUb­
routine 

Maximum number of times interval is 
halved in computation of initial trazoidal 
integrals 

Lower integration bound 

Upper integration bound 

Error tolerance between successive computa .... : 
tions of the integral 

Should tableau of integral approximations be 
printed out? 

Branch to subroutine 
Stop if the error flag is set 

Print the integral 
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ANNOTATED LISTING: 

0: "POt'l BEPG" : d i ('l 

T[O:P1];c.f·32; 
if A>B;::.f '3 2; 
dS.F-' "BOUt·lD:; 
F:E',,iEF:SED "; t"et 

"EVAL " 

'3sb " EVAL" 
:::: \'+:3~S; ((B-A)./ 

2 ) SH [0]; OHl 
4: if (tHl"H-ll ) N; 

::·p c 2; '3t (I +6 
5: (c:(2l01-1)-'tP) 
H~) -l-'tP 

6 : -l-'tI;~HS 

7: if ( I+2-'tI ) P; 
( ((B-A) ./ F:) S+ 
T Ul- iJ ) /2"tT Ul] ; 
'::;It (I - :3 

8: A+ (( B-A).···C!)H 
>':; ·3~.b "E VAL " 

9: S+'l"' ~;;-=3to -2 
10: 1-'t.J 
11: if (J+l-'t.J)t'l 

+1; rn 
12: -1.., t·n::.f '3 6; 

if fl<:;'Eb 
" PF:I HT" 

13: if (t'1 +lHLI) t1 
+l-J; '::I t I) -2 

14: TU1HF; ((4l( 
.J-1) -'tU T EtH1J-
T Ul] )./ (G-1) -'tT Ul 
J; if fl ·,6; c.f·, 
6; '::Ito -1 

15: if lJ.b :=.(F 
T Ul]) <E; T U-lJ -'tT [ 
OJ ; rE t 

17: " E' .... AL " 
1::; : b ;;'E'P; be-e'p; 

d::.F-' "DEFHl E 
FUHCT I Ot·j"; ::. 1. F-' 

19: ret. 
20: "PPltH":[hI 
21: pr\. T[!]; 

j r'l F-' (I+l-'t I) tH 
1- : 

NUMERICAL INTEGRAION - ROMBERG 

Error check to see if integral bounds are in 
correct order 

COMPUTE FIRST COLUMN OF TABLEAU 
USING TRAPEZOIDAL RULE 

2N_l 
(D-A) 

T =T + 
N N-l 2N-l 

E f(A+ (B-A) I) 

1=1 2N 
111=2 

The trapezoidal approximations are computed 
for ~ up to 2

m 
intervals 

Branch to s ubroutine to compute functional 
value (Y) of X 

COMPUTE THE REMAINING COLUMNS USING 
EXTRAPOLATION FORMULA 

If flag 3 is set go to print routine 

T 
N,J 

J-l 
4 T - T 

N+l,J-l N,J-l 

Check for error tolerance being satisfied 

Line 18 will contain the user d e fined 
function 

Subroutine for optional printing of the 
. intermediate results 
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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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Cl 
0:: 
« 
::.:: 
u 
« a.. 
l­
I­
IJJ 
--' 
~ 
IJJ 
:I: 

~ 
E:J 

Cl 
0:: 
« 
::.:: 
u 
« a.. 
l­
I-

.~ 
IJJ 
:I: 

~ 
E:J 

Cl 
0:: 
« 
::.:: 
u 
« a.. 
l­
t-. 
IJJ 
--' 
~ 
IJJ 
:I: 

fil 
E:I 

Cl 
0:: 
« 
::.:: 
u 
a: 

.§ 
~ 
IJJ 
:I: 

fil 
E:I 

by 

Numerical Integration Of 
Equally-Spaced Data Points 
(Simpson's One-Third Rule) 

This program approximates fb f(x}dx where f(x} is represented 
a 

discrete function values f(x.} at equally spaced points x .• The pro-
1 1 

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. 

2. 

3 . 

The maximum number of function values that can be e ntered 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 

"MORE POINTS" indicates that less than three points were entered. 

"ODD NO. OF PTS" indicates that you need an odd number of functional 

values. 

FORMULAE: 

fb f(x}dx ::: 
a 

h 
3 

{f (a) + 4f (a+h) + 2f (a+2h) + 4f (a+3h) + ... 

+ 4f(a+(n-l}h} + f(a+nh}} 

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

b - a 
h 

n 

REFERENCES: 

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

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

1. I nsert UTILITY ROUTINES cartridge with machine turned on. 

2. Load the file. 

a. Type Idf 1 6 

b. Press EXECUTE 

3 . (Optional) 

a. Type f xd N or fltN where 11 is the number of digits 

printed to t he right of the decimal point (O~N~ll). 

b. Press EXECUTE 

4 . Press RUN 

5 . When "INCREMENT?" is displayed: 

a . Enter the increment between successive functional values . 

b. Press CONTINUE 

6. \-/hen "NO. OF POINTS?" is displayed: 

a. Enter the number of data points to b e entered. 

NOTE: This number must be odd. 

b. Press CONTINUE 

7 . "FUNCTION VALUES " will be displayed briefly. 

8 . "F[I]" wil l be displayed where "I" should indicate t he rth functional 

val ue. 

a. Enter the functional value of the rth data point. 

b. Press CONTINUE 

c. Repeat step 8 until a ll function values have been ent ered. 

9. When "CHANGES?" is displayed: 

Either 

a. Press CONTINUE if no changes are desired. 

b. Go to step 1 2 

or 

a. Enter 1 if you desire to correct one or more functional values. 

b. Press CONTINUE 

10. \-/hen "DATA PT. NO? II is displayed: 

a. Enter the number of the data point • . 

b. Press CONTINUE 
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11. When "F [ I ]?" is displayed: r 

•• a . Enter the corrected functional value for the Ith data point. 

b. Press CONTINUE 

c. Go to step 9. 

12. The integral will be printed . 
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x f (xl 

0 0 

.1 . 1 

.2 .2 

.3 .3 

. 4 .4 

.5 .5 

.6 .6 

.7 . 7 

. 8 .8 

.9 .9 

1 1 

I t~CF: Et'lEt~T '~' 
. 1 ' 

tW. OF PO It~H;? 
11 

F [1] 'I 

o 
F [ 2 ] ,~, 

· 1 

F [3] ,~, 
~, · "-

F [4] 'I 

" · .;. 
F[5] '~' 

.4 

F [6] ? 
.5 

F [7] ? 

• Eo 

F [:::] ,~, 

· ,.. 
F [9] ? 

· ::: 
F[1 0 ] r, 

· " 
F[11J? 
1 

ItnEG~: RL= 
(1.500 0(H) 
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x f (xl 

0 0 

.25 2.8 

.50 3.8 

.75 5.2 

1.00 7.0 

1.25 9.2 

1.50 1 2 .1 

1. 75 15.6 

2.00 20 

I NCREt1 Etn'~' 
.25 . 

F[l]? 
0 

F [2] ? 
2.8 

F D] ? 
:3.8 

F[4]'1 
5.2 

F[5]'~' 

7 • ~3 

F [ 6] ,;, 
9 'J . '-
F [7] ,~, 

12 . 1 

F [8] ,~, 

15.6 

F [ 9] ,~, 

20 

nlTEGF.:RL= 
16.416667 

r 
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"SIMPEQ" SUBROUTINE 

This subroutine approximates 

f(x) are known at ·equally spaced 

fb 
a 

base 

f(x)dx where disc rete values of 

points over the interval [a, bJ. 

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 

the data points. Since the truncation error using this method is o(h
4
), 

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 gso "SIMPEQ" 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 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 

D 

F[NJ 

the number of data points (must be odd). 

the increment, 6x , between equally spaced data points. 

should contain the N discrete functional values in increasing 

order of domain value. 
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<OUTPUT> r 

N, D, F[N] • unchanged 

S integral fb f(x) dx 
a 

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

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

2. Insert UTILITY ROUTINES cartridge. 

3. (Optional) 

4. 

a. Type fxd N or flt N where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

Load the file. 

a. Type ldf 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. 

b. Press EXECUTE 
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ANNOTATED LISTING: 

DRIVER - NUMERICAL INTEGRATION - EQUALLY SPACED POINTS -

SIMPSON 

(1: c.f, 13; 1 df 
17,11,1 

1: enp .. I tKRE~lEf·l 
T') " , [I; E. PC. ; if 
f 1913; c.t''=!! 1:3; 
·i.lt Co +0 

i: enp "flu. uF 
PD I tHS';''', tH spc. 
; if' fl '.1:3 ; (.f ., 
13;'31.co +0 

3: dii'" Ftfl];r·d; 
dE.F' "FUt·1CT I Ot~ 
'·lRLUE~:/? " ; spc. 
1,.,lOil. 1000 

4: c.f ·. 1:3; E'np 
F [ I ] ; E·P c. ;',1. CO + 
0; if ncot f 1,,1:3; 
.jl~P (1+1-"1 PH 

5: spc. ;E'np "CHA 
t·1GES?", I; spc· 
if fl·,,13;'3tco +3 

Eo: €·tW "DATA 
PT. t~O.?",I; 

::·pc· ; if' f 1'313; 
c.f'3 13;'31. 0 +0 

7: ct'·~ 1:3;E't')p 
F [IJ; E·PC· ; ',1.0 + 
0; if nc,\. fl ·"l~:; 
·,t 0 -2 

9: It' f1'::;12 or 
f' 1'3:;:; :,;·tp 

10: ::. F.'C 2; prt. 
"!tHEGRAL=", S; 
:;:·pc. 4; end 

Load the subroutine after your program 

Enter increment size between successive X 
values 

Enter number of data points 

Input functional values for data points 

Make necessary corrections, if any 

Branch to subroutine 

Stop if error flags are set 

Print integral 
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ANNOTATED LISTING: 

0: "SH1PEQ": c f '!l 
2,3; if ~~<3; Sf9 
2; d~, p "t'10RE 
POINTS"; rE"t 

1: if int (t~/2)=N 
""'2; d::.p "ODD 
NO. OF PTS"; 
sf9:3;ret 

2: F [1] +4F [2] + 
FU~]"S 

3: r .. I 
4: if (1+2 .. 1) >N-

5: S+2F [I]+4F [I+ 
U"S; '3tO -1 

*5262 

SUBROUTINE - NUMERICAL INTEGRAION OF EQUALLY SPACED POINTS -
SIMPSON 

Check if not enough points 

Check if number of points is odd 

Functional values of first two points and 
last point initially stored in S 

Add successive pairs of functional values 
with a mUltiplier of 2 or 4 
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Numerical Integration Of 
Discrete, Unequally-Spaced 

Data Points 

FILE 18 DRIVER 

FILE 19 SUBROUTINE "INT" 

1 2 1 



• 
1 22 



Numerical Integration Of 
Discrete, Unequally-Spaced 

Data Points 

This program approximates 

discrete functional values for 

rb fIx) dx where fIx) is represented by 
a 

unequally spaced domain values x over the 

interval [a, bJ. The program requests all necessary information, calls 

the subroutine "INT" in file 19 on page 127 and prints the r esults computed 

by the subroutine. The user must input the data points (x .y. ), i = l,n 
1. 1. 

with the restriction that the x. are discrete and x .<x. 1 for i = 1, n-l. 
~ 1. 1. 1.+ 
E:I 

o 
a:: 
« 
:.:: 
u 
« 
0.. 

l­
I­
w 

~ 
:I: 

fiJ 
E:I 

o 
a:: 
« 
:.:: 
u 
« 
0.. 

I­
r ' w 
....J 

~ 
w 
:I: 

fiJ 
E:I 

o 
a:: 
« 
:.:: 
u 
« 
0.. 

I-

"eg 
~ 
w 
:I: 

fiJ 
E:I 

SPECIAL CONSIDERATIONS: 

The maximum number of data points that cai'l 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 (x.y.), then N < 141 on the 6844 
1. 1. 

byte machine , N < l165 , on the 15 , 036 byte machine, N < 2189 on the 23 , 228 

byte machine and N < 3213 on the 31,420 byte machine. 

FORMULA: 

REFERENCES: 

1. 

2. 

Ralston and Wilf, Mathematical Methods ~ Digital Computers, Vol. II 

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

Greville, T.N.E., Editor, "Proceedings of An Advanced Seminar Con­

ducted by the Mathematics Research Ce'nter", U.S. Army, Univers ity of 

Wisconsin, Madison. October 7 - 9, 1968. Theory ~ Application 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 Idf 18 

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 (O~N~ll). 

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]II is displayed, "I" is the number of the next data point 

to be entered. 

a. 

b. 

Enter the domain value of the Ith data point. 

Press CONTINUE 

7. When "y [11" 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. \"/hen "X[I]" is displayed: 

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

b. Press CONTINUE 

11. When "y [I]" is displayed: 

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

b. Press CONTINUE 

c. Go to step 8. 

12. When "EPSILON?" is displayed: 

Either 

Press CONTINUE 
-6 

and default value of 10 will be assigned to 

epsilon. 

or 

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

the second derivatives. 

b. Press CONTINUE 

13. The integral will be printed . 
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EXAMPLE : 

x 

o 
1 

2 

3 

4 

y 

o 
1 

2 

3 

4 

t·w. OF DATA F'TS? 
5 

:": [1] ? 
o 
Y [1] ,? 

o 
:;.:: [2J ? 
1 
)'[2]') 

1 

2 
Y [ :3] ? 
2 

)<[ 4] ') 

:3 
'r' [4] ,~, 

~v~ [5J '? 
4 
'r' [5] ~, 

4 

EPS I LOtl'~' 
.0(1001 

I HTEGRAL F~: Ot1 
0.000000 

TO 
4 • Cl0~3(H30 

I c' 
.~ 

126 

x y 

0 0 

.2 . 04 

.6 .36 

1 1 

1.1 1. 21 

1. 5 2.25 

1.6 2.56 

2 4 

HO . OF DAT A PTS? 
8 

::~: [1] ? 
o 
'([1]" 

o 
X [2] ,~, 
~, . .::. 

'r' [ 2] ? 
. 0 4 

){ [:3] ,) 

. 6 
Y [ 3J ? 

:>([4]? 

1 
""' [ 4 ] '~' 

1 

::< [5 ] ? 
1.1 
Y [5] ? 
1.21 

)<: [ 6]'7 
1.5 
'r' [6 ] ? 
2 . 25 

::'~ ( 7 ) ? 

1.6 
Y [ 7] ,) 

2 . 56 

;:.:: [8] ? 
.j 
'-
'r' [8 ] ,~, 

4 

CHANG ES? 

EP :;:; I LOW' 
. 0000001 

I tHEGF.:AL FR OM 
0 . 0000 0 0 

TO 
2.£100£1£10 

IS 2 . 669976 

,. 
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"INT" SUBROUTINE 

This subroutine approxilllates 

by discrete functional values for 

the interval [a, bJ. 

b J f(x)dx where f(x) is represented 
a 

unequally spaced domain values x over 

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 

JXn 2 (x ,y ) we want (s"(x» dx 
n n xl 

to be minimized in order to achieve the IIsmoothest" 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"(X ) = S"{X ) = o. 
1 n 

The procedure to determine sex} 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 i~ 

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 (x" y,), i = 1,n should be entered in increasing 
1 1 

order of the x" where the x, are discrete and x,<x, 1 for i = 1, n-1. 
l.. ]. .l. 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 equationSe 

<OUTPUT> 

N, X[N], Y[N], E Unchanged 

A 

<DESTROYED> 

H 

I 

T 

U 

w 

x 

B[i] 

integral 

temporary storage for x, 1-x , 1; abs(T); x, 1-x , 
1.+ L- 1+ l. 

loop counter used as subscript for vectors 

Yi+l - Yi 

Xi +1 - Xi 

H 

Y, - Y, 1 
1 1-

x, - x, 1 
1 1-

(~) current maximum value of ITI used to test for error 

tolerance. 

8 - 4 ~, relaxation factor for iterative solution. 

temporary storage for x, - x, 1 
1 1-

1 
2 

x -
( i 

X
i

_
1 

) 
- x, 1 

1-
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G til 

• S til 

• 

• 

3T 

2T or SII (x.) vector of second derivatives 
l. 
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INSTRUCTIONS: 

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

necessary parameters (N, X[N), Y[N), E) to be passed to the sub-

routine . 

2. Insert UTILITY ROUTINES cartridge. 

3. (Optional) 

a. Type fxd N or fltN where N is the number of , digits 

printed to the right of the decimal point (05N~11). 

b. Press EXECUTE 

4. Load the file. 

a. 

b. 

Type Idf 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. 

Press EXECUTE 
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ANNOTATED LISTING: 

~J: -:. f "3 1:3; Idf 
1-~,1:3,1 

1: e·np "tW, OF 
DATA PTS? ", tH 
sp(. ; if f 1·31:;:; 
cf '3 1:3; '3t. Cl +(1 

2: eli,.-) :": W], \' un 
; HI 

c:: e·nF-- X[I];l!" 
t~ l ':;l:~:; cf ~ 13; 
·3t.O +0 

4: e·nr-- \,[I]j~. p(. 

jif f1'31:3;(.f ·3 
l:3;'3to +(1 

5: if (I+ HI) < =t~ 
;-;to -2 

6: ;:·pc ; E' np "eRA 
t·lGES'~-", I; ~. p(. 

if fl ·31 :3jcf ·" 
13j ·3to +4 

7: e·np "DATA PT 
HO, -;.o",I;spc. j 

if f 1·31 :3 j (.f ·" 

:3: E't"!P ::'~[I];if 

fl ·,,13;c.f'313; 

'3: c,f ':; 13; €'np 
'l CIJ;:;:.pc ;·:;t l:l + 
~)j if not. fl·31:3; 
':; t 0 - :3 

H1: e·np "Eh I LON 
? " ~E;if fl':;1:;:; 
1e-6+E 

11: ·3sb .. rf-lT" 
12~ :=·pc Z;prt 

"ItHEGRAL FF.:OW­
, ~< [1], " 

TO " , :'\ [~iJ, " 
","IS",A;spc 4; 
e·nd 

DRIVER - NUMERICAL INTEGRATION OF UNEQUALLY SPACED POINTS 

Load the subroutine after the program 

Enter the number of points to be computed 
and dimension data arrays 

Enter the (X, Y) coordinates into the X 
and Y arrays 

Make any necessary corrections to the 
data points 

Enter error tolerance 

Branch to subroutine 

Print integral 
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ANNOTATED LISTING: 

NUMBER INTEGRATION OF UNEQUALLY SPACED -POINTS 

0: "ItH":dii", 
B [2: H-1], G [2: f1-
l],::;[tl];Hl 

1: if (I+HI PH­
i; '::;Ito +:3 

2: .5D<[IJ-:X:[I­
ll"~";) / U<; [1+1]­
>~[1-1]"H)"B[1l 

3: 2(((',-'[1+lJ 
'l [l]) ... ' CHI+1]-
:H IJ :1 - ( "1'[ IJ -
Y [1 -lJ :,.<,':) /H"T) 
"S [!]; 3HG [1]; 
'::It (I -2' 

4: O":;U]":3Un; 
:3-4r::::-;..~·J 

5: ~)"U;2"I 
6: ~~(-S[I]-B[1]S 

[l-lJ-( .5-BCI]) 
S[1+1]+G[I])H 

7: if (o.b::.(T)"H) 
>U;H-:.-U 

8: 8[1]+T"8[1] 
'?: if Il*N-1; 1+ 

l"*I;·;!tcl -:3 

-5 
11: ~HHH 
12: if (I+Hl)-H 

-1; ret 
1:::: A+(.5(:>;[I+. 

lJ -:'< [1] .. WI (Y [Il 
+ ',-' [1+1]) - (1/ 
24) Hl:3 (:3 [1] + 
8 [1+1]) HA; '3t,j 

-1 

1 
-2 

Yi + 1-Yi Yi -Yi - 1 

Xi + 1-Xi Xi Xi _1 + T 

H 

W is relaxation factor 

2T + S [] 

3T + G [] 

U is largest correction factor 

compute new correction factor T 

Larger "correction factor stored in U 

Add correction factor to S [] _ 2"<1 derivative 
approximation 

If correction factor is larger than error 
tolerance, recompute 

INTEGRAL COMPUTED 

n-1 
~ {~2 H(Y.+Y. 1)-' 241 H

3
(S[I]+S[I+1])}+A 

.. 1. 1.+ 
i=1 

where S"(X.) S(I) 
~ 
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Numerical Interpolation, 
Differentiation & I ntegration Of 

Discrete, Unequally-Spaced Data 

FILE 20 DRIVER 

FILE 21 SUBROUTINE "DERINT" 
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o 
0:: 
« 
:.:: 
U 
« c.. 
l­
I­
w 
--l 

3: 
w 
::c 
~ 
e:J 

o 
0:: 
« 
:.:: 
U 
« c.. 
l­
I-

e~ 
w 
::c 
~ 
e:J 

o 
0:: 
« 
:.:: 
U 
« c.. 
l­
t-. 
w 
--l 

3: 
w 
::c 
~ 
e:J 

o 
0:: 
« 
:.:: 
u 
« c.. 

e§ 
3: 
w 
::c 
~ 
e:J 

Numerical Interpolation, 
Differentiation & I ntegration Of 

Discrete, Unequally-Spaced Data 

This program computes a third-degree polynomial which passes through 

n data points (~., y . ), i = l,n supplied by the user. From this curve 
~ ~ 

s(x) the user can obtain the integral over the interval (xl' x
n

) and 

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

gram r equests all necessary information and prints out the r e sults after 

calling the subroutine "DERINT" in file 21 on page 141. The only re­

striction on the data i s that the x. must be discrete and x.<x . 1 for i=l, 
.1. 1. 1+ 

n-l. 

SPECIAL CONSIDERATIONS AND DIAGNOSTIC MESSAGES: 

1. 

2 . 

The maximum number of data points and output arguments that c an be 

accepted by the subroutine depends on the size of the calling program. 

The following limitations assume that the calling program in file 20 

is used . 

If N i s t he number o f data points and M i s the number o f output argu­

ments then: 

4N + 2M + maximum (N,M) < 609 on the 6844 byte machine 

4N + 2M + maximum (N,M) < 1634 on the 15, 036 byt e machine 

4N + 2M + maximum (N,M) < 2658 on the 23 , 228 byte ma chine 

4N + 2M + maximum (N,M) < 3682 on the 31 , 420 byte machine 

"ARG OUT OF BOUND" indi cate s that a derivative or func tional value 

was requested for a point outside the data interval. 

FORMULAE: 

s(x)dx 113 
'" {-2- (xi+l - xi) (y i + y i+l) - M (xi+l - xi) [s"(xi ) + 

s"( "i+l) I} 
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s (t,) 
J 

s' (t, ) 
J 

REFERENCES: 

Y'+l - Y, 
(1. l.) + 

x i +1 - xi 
Y, + (t, - x , ) 

1. J 1. 

+ sIt (x ) 
i+l 

+ s"(t,}] 
J 

Yi+l - Yi 1 
[(t, x, ) + -- -

x i +1 
- x, 6 J 1. 

1. 

s" (t,)} 1 x, } (t, + --(t -
J 6 j 1. J 

(t, 
J 

+ 

-

(t , 
J 

x i +l ) 

xi+l) ] (s"(x ,) + 
1. 

s" (x
i
+l ) s" (x,) -

1. } 
x i +l - x, 

1. 

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. 

136 

• 



• 

INSTRUCTIONS : 

1. I nsert UTILITY ROUTINES cartridge with machine turned on. 

2. Load the file. 

a. Type ldf 20 

b . Press EXECUTE 

3. (Optional) 

a . Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

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] II is displayed, "~1I is the number of the data point to be 

entered . 

a. 

b. 

7. \Vhe!' 

a . 

b. 

c. 

Ente r the domain value of the Ith data point . 

Press CONTINUE 

"Y[I]II is displayed: 

Enter t he functional value of the Ith data point . 

Press CONTINUE 

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 s t ep 12. 

or 

a. Ente r 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. 

II. 

12. 

When !IX [I] II is displayed: 

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

b. Press CONTINUE 

When "Y[r]" 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 

13. When liT [J]" is displayed, "J" is the number of the next output argu­

ment. 

14. 

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 

15. When "OUTPUT ARG NO?" is displayed: 

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

b . Press CONTINUE 

16. When "T[J]" is displayed, "J" is the nwnber of the output argtunent 

to be changed. 

a. Enter the corrected value of the output argument. 

b. Press CONTINUE 

c. Go to step 8. 

17. l'ihen "EPSILON?" is displayed: 
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Either 

Press CONTINUE 
-6 

, if you want the default value of 10 assigned 

to the error tolerance. 

or 

a. Enter the error tolerance to which the simultaneous equations 

will be solved. 

b. Press CONTINUE 

18. The functional values and derivatives of all output arguments should 

be printed as well as the integral over the interval (xl' X
n

) • 
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EXAMPLE: 

x y 

0 1 

.2 .72 

.5 .75 

1 2 

1.2 2.92 

1.6 5.48 

1.8 7.12 

2 9 

OUTPUT ARGUMENTS 

x y y' 

.81 1.35058 2.8485 

1.1 2.429585 4.600004 

t-w OF DATA PTSO:> 
" '-' 

;t:: (lJ ? 
o 
\'[1]') 

1 

:x: [2J ? 

'i [2] ? 
.72 

>': D] ,;, 
. 5 
Y [3J ? 

.,r. 
• I" ,_I 

:": [4] ? 
1 
,([4]? 

2 

::~~[5]? 
1 -., 
',(,[5J? 
2.92 

1.6 
Y [6J ? 
5.4:3 

::-:: [7J ? 
1 .8 
'-(' [7] ? 
7 . 12 

~< [:3J ? 
-j 

'" Y [8J ? 
'3 

CHAt-l GES? 

140 

NO. OUTPUT ARGS? 
-j 

'" 
T [1] ,) 

.81 

T [2] 0:> 

1.1 

CHmlGES? 

EPS I LOt-P 
.0~3~301 

ItHEG~:AL HOM 
(1.000000 

TO 
2 . ~30(1000 

:'<= 0. 8H1000 
S [)<] = 1. :350580 
S' [;:·n = 2. :::48500 

» 1 .100000 
SO':] = 2.429585 
S' 0 ':] = 4. 60(n304 

• 

• 
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"DERINT" SUBROUTINE 

This subroutine computes a curve s(x) that passes through the n data 

points (x., y.) supplied by the user and computes certain information at 
1. 1. 

any point tj on the curve as long as tj is in the interval [xl' xnl. 

information that can be computed is the integral over the interval and 

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

The 

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. 

(x , y ) we want 
n n 

For the curve through 
2 

(s"(x» dx 

to be minimized in order to achieve the "smoothestll 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"(x ) - 's"(x) - O. 
1 n 

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 <IN~UT> 

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 the 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 (x., y.), i = l,n should be entered in increasing 
~ ~ 

order of the x" where the x . are discrete and x. <x. 1 for i = 1,n-l. 
1 ]. ~ 1+ 

The output a rguments t., j = I,m may be entered in any order. 
J 

4 
The error factor of the solutions is approximately equal to. h for 
32· 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 

X[N] 

Y[N] 

M 

T [M] 

E 

<OUTPUT> 

numbe r of data points 

domain values of data points 

range values of data points 

number of output arguments desired 

domain values of output arguments 

error tolerance in iterative solution of simultaneous equa­

tions. 

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

xn 
A integral J s(x) dx 

xl 

B ['M] func tion values for output arguments in T [M] 

D [M] derivative value s for output arguments in T[M] 

flg 3 if set, indicates an output argument out of bounds. 
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<DESTROYED> 

H 

I 

J 

x 

T 

u 

w 

• X 

Z 

B til 

G[il 

S [i 1 

• 

temporary storage for x . 1 - x. l' abs(T) , x. 1 - X., or 

t - x . 
j l. 

loop counte r 

loop counter 

s"(t.) + 3(t - X.)T 
J j l. 

Yi+l - Yi 

Xi+l - xi 

H 

Yi - Yi - l 
x . - x. 1 

l. l.-

1+ 1- 1+.). 

(~) current maximum value of ITI used to test error toler-
1 

ance; 6 (s"(xi ) + S"(xi +l )) + S"(x
i

) + 3T (tj -xi) 

8-443, relaxation factor for iterative solution; 

temporary storage for xi - xi_I; (t. - x.) 
J l. 

1/ 6 

1/2 

3T 

x -
i function values s(t.) 

J 

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

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

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

the subroutine. 

2 . Inse rt UTILITY ROUTINES cartridge. -

3. (Optional) 

a. Type fxd N or fIt N where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

4. Load the file. 

a. 

b. 

Type Idf 21, N, M where: 

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

be loaded into memory. 

M = line number where e xecution is to begin after subroutine is 

loaded. 

Press EXECUTE 
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ANNOTATED LISTING: 

NUMERICAL INTERPOLATION, DIFFERENTIATION, AND INTEGRATION 

OF UNEQUALLY SPACED POINTS 

0: c.f'3 13; 1df 
21,22 d 

1: enp "t-liJ OF 
DATA PTS'?", ton 
SPO: ; if f 1'313; 
o:f'3 13;-3t.o +(1 

2: di"'1 >~[t-l],YUlJ 
; HI 

3: E'np >~ tlj; If 
fl'31~:; (, f'3 1:3; 
'3t.o +0 

4: e-nF> 'y'[!J;if 
fl'3i:3; ('h 13; 
9to +0 

5: if ( I+1-tI) < =~l 
;SPC ;-;t.o -2 

6: SPO: ;enp "CHA 
t~GE::;'?", I; spc. 2; 
if f 1-31:3; d'3 
13;'3t.o +4 

7: e-np "DATA 
PT. tW.'?",I; 
SPO: ;if f1-313; 
cf -3 13; -3t- 0:' +(1 

8: enp X[ !J;if 
f 1'3U; c.f'3 13; 
'3t.o +0 

9: Cf "3 1:3; €rtP 
'l[l];-3t.o +0;if 
not. f1'313;spc-
9tIJ -:3 

10: enp "t-W. 
OUTPUT FIF~GS';''', 
tHsr.'o: ;if fl-313 
;Cf -3 13;'3t.o +0 

11: HI; if t'l#(1; 
di,.1 Hrl] 

12: c.f -3 1 :3 ; e np 
HI]; -3t C' +0; if 
not f 1 '313; ::-pc 
.j "'IP ( I +l-tI l> M 

13: ;:·pc ; E'flP 

" CHAt-lGES? " , I; 
spc. 2;if fl~1:3; 
Ct" '3 l:3;gt.(· +:;: 

14: enp "OUTPUT 
ARG tW'! ", I; if 
fl'313; d3 13; 
'3to +(1 

Load subroutine after the program 

Enter number of data points and dime nsions 
the X and Y arrays 

Enter the (X, Y) coordinates into the X 
and Y arrays 

Make any necessary corrections to the X and 
Y arrays 

Enter the X values for which the infor­
mation is t o be computed 

Make any necessary corrections to the 
output arguments 
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ANNOTATED LISTING: 

15: cf" 13; enp 
T [1]; ·~to +(1; if 
nett fl-::l13;spc ; 
""to -2 

16: enp "EPS I LON 
?", E; if f 1,,13; 
le-6"E 

17: %b "OERINT" 
18: iff 1,,3; stp 
1';1: SPC :::; prt. 

"ItHEGRAL FROW' 
,>':[1]," 

TO",X[t~]," ", 
.. IS", A; 1"*.J; ::.pc 
2 

20: prt. ":X:=", 
T[JJ,"SD<]=", 
B[.,JJ, ":3' [>~]=", 
D[J];spc ;jf')P 
(~1+1 .. . J) >M 

21: :=ope. 4; E'nd 
*19437 

Enter error tolerance 

Branch to subroutine 
Stop if error flag is set 

Print integral, derivatives, and funtiona·l 
values 

T[J) 
B[J) 
D[J) 

value of domain arguments 
= functional values 

derivatives 
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ANNOTATED LISTING: 

NUMERICAL INTERPOLATION , DIFFERENTIATION"~ AND INTEGRATION 

OF UNEQUALLY SPACED POINTS 

[1: "DER1tH":cfso 
3; if t'l > t·jj dir', 
8 [m ; ·3t. 0:' +2 

1: dir', 8 un 
2: di r'l ~3 [H], e; u~-

1];1-'1 
:3: if ( 1+l 'QP N­
l;~ t o +3 

4: .5(:,<[I]-:":[1-
1] -t:X:) / (:>( [1+1]­
:": [1-1] -tH) -t8 [1] 

5: 21.1.1.'r'tI+IJ­
'l [1]) / (X [1+1]­
:><[l])-( 'r'[I]-
'r' [1-1]) <x:) /'H-tT) 
-tS [1]; 3HG (1]; 
";It I) -2 

Eo: 0 >::: [1]"S un; 
8-4r:3HJ 

?: (HU; 2-tI 
I::: ~n-S[1]-B[1]S 

[1-1] -( .5-8[1]) 
S [1+1] +G [I])-tT 

9: if 1.'1bs. I.T.I-tH.I 
>U;H"U 

10: S[I]+H~::[IJ 
11: ii 1 #tl -!; 1+ 

l-*I ; ·;to -:3 

-5 
13: ~H1 
14: if (1+1-'I)>t-l 
-l ;'3to +2 

15: (S[1+1]-8[1 ] 
) / (:< [1+1] -:'< [I]) 
.. e; [1] ht.o -1 

16: i f t'l=~:n ·3t. 0 + 
1:3 

17: ~cH.J;dir', DD'1] 
18: if (.J+1-'.Jl> t1 

;sot.o +11 
19: HI;if ( TEJ ] 
"T» =:>n1] ; ·3t..j + 
? 

Dimension functional value array to the 
larger of M and N 

x -x +x 
i i-I 

Xi+l-Xi_l+H 

Y. l-Y' 
~+ ~ 

XHI-X i 
H 

1 
2 

Y.-Y. 1 
~ ~-

X.-X . 1 
~ ~- +T 

2T+S[I] 

3T + G [I] 

W is relaxation factor 

U is largest correction factor 
Compute new correction factor T 

Larger correction factor : s tared __ in U 

Add correction factor to SrI] = 2
nd 

derivative 

If correction factor is larger than error 
tolerance, recompute 

Compute 
s " (x. ) - s " (x.) 

S Ill. (i)== 1.+1 1. 

Xi+l-Xi 
where s '" (i) =G [I] and s " (i) =S [I] 

If no output arguments skip this section 

Check that argument T[J] is in bounds 
X[O] ~ T[J] ~ X[N] 

147 



ANNOTATED LISTING: 

2~3: ::. f·~ :3;o::!::.p 
"APG OUT OF 
BOUt-lD " ; ret 

21: if (1+HI l>N 
; ":;Ito -1 

22: if T>~<[1]; 

"3t.Q -1 
2:3: I-HI 
24: T[.J)- ~<[I)"H; 

T [.j) ->( [1+1) Hi 
HHX 

25: S (1) +HG [l)"S 
26: ( l .··· E . .. Z) (S[1) 

+ S[l+l]+S HU 
27: ((\' [1+1)-

. .,.. [I ])" (:x: [1+1]-
>( [I)) Hl) H+Y [IJ + 
:':U"B [.J] 

28: ~l+ (H+T) U+ 
Zi(G[I)"O[J); 
"l t c> -1(1 

::::9: ~.:1-:.I-:'H 
:3~:1: i f ( 1+1"I P N 

- 1; ret 
:31 : A+ (.5 (:'< [1+ 
l]-:HIHH ) (\'[1) 
+\'[1+1])-(1 / 
24) Hl:3 (S [IJ + 
:3 [1+1))) .. A; ·~tc> 

-1 
*16954 

compute I such that XCI] ~ T[J] ~ X[I+l] 

Temporary variables used in computing 
functional and derivative values 

B[J] is the approximation to the functional 
value at T[J] 

D[J] is the approximation to the derivative 
at T [J] 

A is the approximation to the integral 
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Numerical Differentiation Of 
Discrete, Unequally-Spaced 

Data Points 

FILE 22 DRIVER 

FILE 23 SUBROUTINE "DER" 
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Numerical Differentiation Of 
Discrete, Unequally-Spaced 

Data Points 

This program computes the derivative at any point x over an interval 

of discrete data points (x . , Y.), i = l,n. The user s upplies the data 
~ ~ 

points with the restriction that the x. must be discrete and x.< x . 1 
1 1. 1.+ 

for i = l,n-l. 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 numbe r of derivative s 

then: 

4N + 2M + maximtun (N ,M) < 631 on the 6 , 844 byte machine 

4N + 2M + maximum (N , M) < 1655 

4N + 2M + maximum (N , M) < 2679 

4N + 2M + maximum (N,M) < 3703 
FORMULAE: 

SO (t . ) 
J 

Yi+l - Yi 

xi +1 - xi 

s"(t.» + 
J 

s"(x ) - s"(x.) 
i+l ~ 
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on the 15, 036 

on the 23,228 

on the 31,420 

byte machine 

byte machine 

byte machine 

S"(X.) + 
~ 



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 ll
, 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 Idf 22 

b. Press EXECUTE 

3. (Optional) 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

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]1I is displayed, "r" 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: 

9. 

Either 

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

entered data. 

b. Go to step 1 2 . 

or 

a. Enter 1 if you need to make ·changes. 

b. Press CONTINUE 

When "DATA PT NO.?II 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. 

When "X[I]II is displayed: 

a. Enter the new domain value for the 
th 

data point. I 

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. OF DERIVS?" is displayed: 

a. Enter the number of arguments for which you want the derivative 

computed. 

b. Press CONTINUE 

13. When liT [J]" is displayed, I1J~1 is the number of the next output argu­

ment. 

14. 

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. 

vlhen "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. 

b. Press CONTINUE 

15. When "OUTPUT ARG NO?" is displayed: 

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

b. Press CONTINUE 

16. When liT [J] II 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. 

154 

• 

• 



17. When "EPSILON?" is displayed: 

Either 

Press CONTINUE 
-6 

, if you want the default value of 10 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 

18. The derivatives of all output arguments will be printed. 

• 
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EXAMPLE: 

x y 

0 1 

.2 . 72 

.5 .75 

1 2 

1.1 2.43 

1. 6 5.48 

1.8 7 . 12 

2 9 

DERIVATIVES 

• X Y 

.81 2.848435 

1. 2 5.211391 

NO. OF DATA PTSQ 
" .~ 

>;[1]Q , 

o 
Y[l]? 
1 

::-:: [2] ? 
.2 
\' [2] ? 

::< [3J ? 

'i [:3] .~. 

>;[4]') 

1 
'i [4] .~. 

2 

:',; [5] ,) 

1.1 
'r' [5J? 

>': [Eo] ? 
1.E. 
'i [6] ,~, 

5 . 4::: 

>( [7] ,) 

1.::: 
'i [7] ,~, 

7 .12 

2 
'i [:::] ,~, 

9 

156 

~lO. OF oEF: I "/S.? 
" 

'" 
T[l]? 
.81 

T [2] .) 
1.2 

CH ANGES ') 

EPSILO~Y' 
• (1 [1 (10 tHH 

- -oEP I \·'AT I '·/E::;--

>:: = ~:J .:::10000 
S' U<J = 2. :::4:::435 

;:~: = 1. .2000e0 
:3' U<]= ~;.211:3'31 

• 
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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 implemen~ed fits a curve through the n data points and 

then differentiates the function which describes that curve. The curve 

used is the cubic natur.al spline which derives its name from a draftsman I 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 

we want 
2 

(s" (x» dx 

"smoothest ll curve. 

to be minimized in order to achieve 

(x , 
n 

the 

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" (x ) 
1 

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 <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 (x. ,Y.), i 
~ ~ 

l,n should be entered in increasing 

order of the x. , 
~ 

where the x. are discrete and x.<x. 1 for i = l,n-l. 
1. 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 

X[N] 

Y[N] 

M 

T[M] 

E 

<OUTPUT> 

number of data points 

domain values of data points 

range values of data points 

number o f output arguments desired 

domain values of derivative arguments 

error tole rance in iterative solution of simultaneous equa­

tions 

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> 

H temporary storage for x. I-X. l' abs(T), x.+l-x., t.-x. . ~+ ~- ~ ~ J J 
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I 

J 

5 

T 

w 

x 

z 

B [iJ 

loop counter 

loop counter 

s"(t . ) + 3 (tJ.~X.)T .J ~ 

Yi+l - Yi 
x i +1 - xi 

H 

(~) current maximum value of ITI used to test error toler-
1 

ancej 
6 

(s"(x.) + 
~ 

s "(x.) + 3T (t. - x.) 
~ ) ~ 

Yi+l - Yi 8-4~3, r e laxation factor for iterative solution; 
x i +1 - xi 

1/ 6 

1 
2 

x-x. 
_:=.i_--,l,,---"l~J 

xi+l - x i _l 

G [iJ 3T 

5 [iJ 2T or s"(t.) 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], E, M, T[M]) to be passed to the 

s ubroutine. 

2. Insert UTILITY ROUTINES cartridge. 

3. (Optional) 

4. 

a. Type fxd N or fIt N where N is the number of digits 

p rinted t o the right of the d ecimal point (0$N~11). 

b. Press EXECUTE 

Load the file. 

a. Type Idf 23, N, M where : 

b. 

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 DIFFERENTIATIDN OF UNEQUALLY SPACED POINTS 

0: d··, 13; ldf 

1: .·n p " t·W. OF 
DATA PTS'i" , t·n 
::;.pc iif fj ·,1 :3 ; 
Ct";1 13; ';Ito +[1 

2: di,." ~.; un,..,.. un 
; HI 

3: . ·np :": [!]j if 
fl-;13;ct''=3 13; 
9\.0 +(1 

4: enp '/ [1]; if 
fj ·,13;dg 13; 
':;:It (I +(1 

5: i.f (I+HI ) <=t·l 
;::.PC ; '3tO -2 

Eo: ::.pc. ; €, t"lP Ii CHH 
t~GES ? ", I; ;:.p c. 2; 
if fj ·,13;cf ·, 
13; ';Ito +4 

7: e·n p "DATA 
PT. HO.s''' , I; 
spc. ;if fl g1 3; 
c.fSl 1:3;';lto +(1 

:3: e·np >': [I]; if 
fj913;c.f913; 
g\.,:o +0 

9: (,+"3 13;e'np 
'/[1];·,\.0 H); if 
no\. f 1·,13; .,\. (0 -
.~ 

.~ 

10: €'np "HI). OF 
DEF:I ',,iS .? ", 1'1; 
spc· ;if fl g1 :3 ; 
ct' ·, l:3;g\.o +0 

1.1: HI; if 1'1#0; 
d i ,'., T [t'1J 

12: cf ';I 1:::; E'np 
HI] ;;t.o H1i if 
not f 1'::113; spc. 
j" .,p ( 1+1-*1) >rl 

1:.::: S P(' ; E' np 

"C HAtlGE~;?" , I; 
spc. 2;if fIgl:3; 
d ··" 1 :3 ; .,,\. 0 + :3 

14: e·n f-' "OUTP UT 
AF:G t~O 'i ", I; if 
fj,,13; cf·, 1~:; 

g\.. c' +(1 
15: c. fg 13; E·n p 

T[IJ ;·,,\.o +0;if 
not f 1913; ::.pc 
qt.o -2 

Load the subroutine after the program 

Enter number of data points and dimension 
the X and Y arrays 

Ente r the (X, Y) coordinates into the 
X and Y arrays 

Make any nece ssary corrections to the X 
and Y arrays 

Enter the X values for which the derivative 
is to be computed 

Make any necessary corr ections t o the 
output arguments 
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ANNOTATED LISTING: 

16 : e'n" "EPS I LOt·l 
'~''', Ej if f 1 '~13; 

1e·-E,"E 
17: 'Eb " DER " 
1:=:: jf fl ·=I:"=:; "·=.tp 
19: ::.pc 2; p rt 

-DERI','ATIVES-­
"; ~."c. ; l"J 

20: prt ">;=", 
T[--1J, "~;' u-::]=", 
D[JJ ;spc. j";,.-,p 
(J+1".j»t1 

21: Sf)C 4; E'nd 

Enter e rror tolerance 

Branch to subroutine 
Stop if error flag is set 

Print derivatives 
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ANNOTATED LISTING: 

NUMERICAL DIFFERENTIATION OF UNEQUALLY SPACED POINTS 

[1: " DEF.~ " : cf ·3 :3; 
it' t'l> [.j; d i ,..., 8 [t'l ] 
; '::tto +2 

2: di,y, ::; [f'j]'C[N-
1] ; 1-> I 

:;:: i f (1+1->I P H 
l;'3to +3 

4: .5(;HIl - :":[I-
1] .. :":) / r:,; [1+1J­
>~ [I-1J" H) "E:[I] 

5: 2(((Y[1+1]~ 

'r'[Il )/0([! +1 ] ­
:x:EIl) - ('l [1]-
\' [1-1] ) , .. ,:,,: ) .···· H .. T) 
""; [IJ ; :3T"G[]]; 
';ito -2 

6: 0 .. :; [1J +S un; 
:3-4r :>~·1 

7: 0-+U;2-+! 
8: ~.j(-::;[I]-E:[1n 

[1-1] - ( .5-E: [I]) 
:; [1+1] +G [I ] i "T 

q: it' (o.t:o::.(T)"Hi 
> U; HHI 

H1: ~;[IJ +HS [IJ 
11: if I# t·j-l ; 1 + 

1 .. 1;91,0 -~: 

12: if U>=E j'3tO 
-5 

1 :;:: 0 .. 1 
14: if (I+l .. ]»t~ 
-i ; '3 tO +2 

15: (S [1+1]-S [I] 
) ./ (:.,: [1+1] -i'; [Il) 
"C;(]];9to -1 

16: ~H.J; d i ,,' D [tol] 
17: if (..J+l -+..J»t'1 

; r E' t 
18: 1-)j; if (T LI] 

"T»=i;[l];·3t.o + 
2 

1'3: ::.f ·3 3;d::.p 
"ARC OUT OF 
E:OU~W "'; ret. 

2(1: if (1+1->]»t1 
; '3tO -1 

21: if T > ;'~ [I]; 
9tO -1 

22: I-HI 
23: T[.J] :'·':[]]"H ; 

T[.J]- :": [I+1]H; 
HT~(~ 

Dimension arrays used to compute derivative 

x. - X. l+X 
1 1-

X. I-X' l+H 
~+ ~-

1 (X . - X. 1) 
1 1-

-+ B[I) 
2 (X. I-X' 1) 

~+ 1-

2T+S[I) 

3T + G[I) 

W is relaxation factor 

U is largest correction factor 
Compute new correction factor T 

Larger correction factor stored in U 

Add correction factor to SrI) = 2
nd

' derivative 

If correction factor is larger than error 
tolerance, recompute 

Compute S"· (i) = 
S[1+1)-S[I] 
X[1+1)-X[I) 

where S"· (i)=G[I) and S"(i)=S[1+1) 

Store T[J) in simple variable T 

Check if argument T[J) is out of bounds 
X[O)$.T[J)S:X[N) 

Compute I such that 
X[I)S:T[J)S:X[I+l) 

H, T, X are temporary variables for inter­
mediate results 
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ANNOTATED LISTING: 

24: S[I]+HGUHS 
25: 11/6 .. 2) (S[I] 

+S[I+1]+S)"U 
26: (\' [1+1] -'y' [I] 

) / C': [1+1] -)< []]) 
H~ 

27: ~,~+(H+T:lU+ 

zi:G [1] .. [1 [,j] ; 
,~i. 0) -10 

Derivatives computed and stored in D[J) • 

• 

• 
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• Fourier Series Coefficients For 
Equally-Spaced Data Points 

FILE 24 DRIVER 

FILE 25 SUBROUTINE "FOURE" 
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Fourier Series Coefficients For 
Equally-Spaced Data Points 

This program calculates the Fourier Series Coefficients a . and b . 
~ ~ 

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

by n discrete equally spaced data points (x., y . ), i = l,n. The program 
~ ~ 

requests only the functional value s (y . ) 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: 

1. The maximum number of coefficients and function value s 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. 

2. 

If N is the numbe r of t he highest coefficient and K is the number of 

function values the n : 

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

2N + K < 1707 on t he 15 , 036 byt e machine 

2N + K < 2731 on the 23, 228 byte machine 

2N + K < 3755 on t he 31,420 byte machine 

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

compute N coefficients. 

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

ber of data points . 

4. The time to run the program is proportional to the numbe r of coe f­

ficients and data points. With 17 points and 5 coeffic ients ' it took 

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

21Tix 
If: 9 (x) f (x) cos ( ) dx 

T 

and h (x) f(x) sin 
2rrix 

) dx then: 
T 

26x 
a. · ::: --_. 

1. 3T 

b. 
26x 

1. 
::: 3T 

Sine and cosine functional values are computed recursively with the f01-

lowing formula: 

21TX. 21TX. 21TX. 
sin ( 1. 

(J + 1) = sin ( 1. 
) cos( 1. J) 6x 6x 6x + 

21Tx. 21Tx. 
cos( 1. 

) sin( 1. 
J) 

6x 6x 

21TX. 21TX. 21TX. 
cos( 1. 

(J + 1) ) = cos( 1. 
) cos( 1. 

J) 6x 6x -6x 

21Tx. 21Tx. 
sin ( 1. 

) sin( 1. 
J) 6x 6x 

REFERENCES: 

1. Hamming, R. H. I Nwnerical 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 ldf 24 

b. Press EXECUTE 

3. (Optional) 

a. Type fxd N or flt N where II is the nUI:lber of digits 

printed to the right of the decimal point (O~NSll). 

b. Press EXECUTE 

4. Press RUN 

5. Whe n "HIGHEST COEF?" is displayed: 

a. Enter the highest numbered coefficient a ,b that you want 
n n 

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
Hl 

- Xi) • 

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 e rror message will be printed) . 

b. Press CONTINUE 

9. "RANGE VALUES?II will be printed. 

10. Whe n "y [I]" is displayed , "I" designates the Ith data .ooint to be 

entered. 

a. Ente r the functional value (y.) of the Ith data point (x" y,). 
~ ~ ~ 

b. Press CONTINUE 

c. If all data values have not been entered, r epeat step 10. 
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11. When "CHANGES?" is displayed: 

Either 

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

entered data. 

b. Go to step 14. 

or 

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

b. Press CONTINUE 

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

a. Enter the data point number which is to be changed. 

b. Press CONTINUE 

13. When "Y[I)" is displayed: 

a. Enter the correct value for the functional value of the r .th 

data point. 

b. Press CONTINUE 

c. Go to step 11. 

14. The coefficients will be printed. 
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EXAllPLE : 

e 

• 

• 

HI GHE ST CO EF S' 
5 
IN I T OONAIN o,,.'A L'i 
0 
I NCREt1 EtH? 
.1 
tW. OF F' TS . '? 
3 1 

RA t·1 GE V AL U E S '~' 

\' [1] ,~, 

1.5 

'y' [ 2 ] ? 
3 

\'[3 ] ? 
3 

Y [4] ? 
3 

'y' [5] '? 
3 

'-( [6] '7' 
·0 
.J 

Y [ 7 ] '7 
3 

\' [8] '! 
~, 

" 

f (t) 

l' 
I 
I 

3....-----, 

~' [ 9 ] '7-' 

3 

\' [ 10 ] ? 
.-, 

" 
'-( [ 11 ]') 

1. 5 

,-( [1 2]? 
0 

\ ' [ 1 3 ] ? 
0 

'-( [14 ] ,;, 
0 

\' [1 5]? 
~j 

'-( [16] ~' 

0 

'( [1 ?J ,~, 

0 

Y[18 ] '~' 
(1 

'r' [1'3] ,~, 

~:1 

Y [2(1] ? 
£1 

,...-----, 2 

I- --- -'-----' --- _L-___ --> t 
1 2 3 

Period = 3 
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'i [ 21] 'f' 
1 

'y' [ 22] ? 
2 

'l [2 :3] ? 

'r' [ 24] 'i 
2 

'r' [ 25 ] ? 

2 

'l [26] ,~, 

.j .. 
Y [27] ,) 
·0 .. 
'l[28 J ? 
2 

'-( [29] ? 
2 

'l [:;: (1 ] ,) 
.~ 

c. 

\' [::':lJ? 
1 

CHA N GE :3 '~' 

--CO EF FICIENTS - -

fl= O.O(10 0(Hj 
A (t-n = 1.6:38889 

ti = 1. £HCl [10(10 
A(t·j) = 1.322781 
8 (t.j) = ~Cl.4?747(1 

tl= 2.(1~3(1[1(1 (1 

A ( fj) = - (1.744837 
B(tLl = 0 . 2 :3877 4 

N= 
A (W! = 
E: Uj) = 

t·l = 
A (t.j) = 
E: (t·n = 

t·l = 
A(fj)= 
B (t·n = 

3 • 0~3(HCl(1(1 
-0 .[155556 
-0 .0(1 ~300£1 

4.£n30(1(1(1 
~3.29(1(1 5 3 

~] .1197 2 2 

(1. (1'362 25 



"FOURE" SUBROUTINE 

This subroutine calculates the Fourier Series Coefficients a. and 
~ 

b. for the Fourier Series corresponding to a function f(x) which is 
~ 

specified by n discrete equally spaced data points (x., y.), i = l,n. 
~ ~ 

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

where 

a o 
2 

the 

b. 
~ 

n 
+ l: 

i=l 

Fourier 

2 
T 

inx i'fTx (a.cos( ) + b. sin ( ) ) 
~ T ~ T 

coefficients a. and b. are: 
~ ~ 

21Tix 
f(x) cos( ) dx 

T 

i O,n 

2rrix 
f(x) sin( ) dx 

T 

T specifies the period equivalent to (xn-x
l

) 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 xl' the increment 

6x=x. l-x. and the range values for each x . • Execution time depends on 
1+ 1 1 

the number of coefficients 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 
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• 
check the variables liste d 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 n~ered coefficient 

A initial domain value xl 

W increment between domain values ~x 

K number 'of data points 

Y[K] range values for data points 

<OUTPUT> 

N, A, \'1, K, Y[K] unchanged 

A[O:N] } 
Fourier Series coefficients 

B [N] 

fIg 2 set if number of points is not odd 

<DESTROYED> 

D (K - l)W = period 

21TX. 
E 

~ 
argument for sine and cosine t:.x 

21TX . 

) 
F cos ( ~ 

J) 
(:,x 

21TX. 
used in evaluation of integral 

G sin ( ~ 
J) 

(:,x 

I loop counter for data points 

J loop counter for coefficients 
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M 

S 

T 

x 

y 

z 

multiplier = 1, 2, or 4, used in Simpson's Rule 

2'ITx. 
cos (_-;'/)._X~1- invariant used in recursive computation of sine 

and cosine; partial sum for A[O) 

temporary storage for new F 

current domain value x . for integral computation 
1 

current functional value y . for integral computation 
], 

2'ITx. 
sin (--7/).-X=1_) loop invariant used in recursive computation of 

sine and cosine 
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INSTRUCTIONS: 

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

sary parameters (N, A, W, K, Y[K) to he 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 (OSNSll). 

h. Press EXECUTE 

4. Load the file. 

a. Type ldf 25, N, M where : 

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

he loaded into memory. 

M line number where execution is to begin after subroutine is 

loaded. 

h. Press EXECUTE 
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ANNOTATED LISTING: 

FOURIER SERIES COEFFICIENTS FOR EQUALLY SPACED POINTS 

0: .:.1' "3 1:3; lelf 
25,16 , 1 

1: e"nF> "HIGHEST 
COEF';''' , t"l; if 
fj"31 :;:;cf"31:::; 
';It 0 +~3 

2: e"np "It"lIT 
DOt'lA I t"l V AL '~''' , A; 
if f l "31:3;cf "3 
13;~to +0 

:::: enp "I tKF.:Et>lEN 
T ~''',~.n if fl'J1:3; 
cfSl 1:;:; ';Ito +/.Z1 

4: e"np "t"W . UF 
PH; .';''', v; if 
fj'J1:3i.:.f"31:::; 

5: SP':' ; pt"f, "F.:RN 
GE "iALUES '~'''; 
::.pc. ;l-.:+Iidif'l 
Y U<J 

6: cf ':;I 1:3 ; t;'np 
'/[1]; "31.0 +tl;if 
not. f 1'31:3 ; :=.PC ; 

jr'"I P (]+1"I»K 
7: enp "CHAt~GEb? 
",I;spc ;if 
1'1"31:3;"31.0 +:3 

:3: e"np "DATA PT 
rW? " , I; s"r-'.:. ; if 
fj"313;cf'J 1:3; 

'3: C,f '3 1:;:; enp 
'1'[1]; 'He, +0; if 
not 1'1"3 1 :3 ;"31. 0 -
2 

10: "3~"b "F OUF.:E" 

IL: ::.pc :,:: ; prt. Ii 

-COEFFI CI ENTS-­
";SPC ;1-*1 

1~:: F> r\. " t"l =", 0, 
" A(WI = " ,A[O]; 
;:·pc 

14: pn "t"l=",I, 
"A ( t"l ) =" , A [I] , 
"E: (t"l) =", E: [I]; 
::·pc ; j ({IP ( 1+ 
HI )Hl 

15: ::.pc 4;end 
*27477 

Load s ubroutine after program 

Enter the highest numbered coefficient 
desired 

Enter the initial domain value 

Ente r the inc rement between consecutive 
points 

Enter the number of points 

Enter the functional values ~[Il for each 
equally spaced point 

Make any necessary changes 

Branc h to subrout}ne 
Stop if error flag is set 

Print the Fourier coefficients 
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ANNOTATED LISTING: 

FOURIER SERIES COEFFICIENTS FOR EQUALLY SPACED POINTS 

(1: "FOURE": t·'l-a ; 
c.f ', 2;ai,'" A[~C1:t'l 
] ,BEt'n ;l .. . j;(H!; 
(V-l) ~HD 

1: if K,"2-int. (K / 
2); ::. f ·;I 2; dsp 
"ODD HO OF PTS" 
; r E' t. 

:3: A+(1-1H1":x:; 
.... ·[I] .. ·/;if 1=1 

4: if t'1=4; 2 .. t·1j 
'3t CI +2 

5: 4-1-t'1 
E.: cos (2ff>~.'··07E)-t 

S"F;5in(E)"Z"G 
7: W/F+A [ ,j]"A [J] 

; Wr'G+8 [ ,j]"B [.j] 
t:: if ( ,J+l".J ) <-t'l 

; SF - ZGH; ZF+ 
SG"G; T"F; ',i.o -1 

';::I: 1-.t.J;':;:Ito -/ 
H1: ./ [1] +4Y [2] + 

..,.. [K] "S; :HI 
11: S+2Y[IJ+4Y[l 
+l]-t~; ; .j(I't P (I+ 
2"!»=K 

12 : S~~ / :3D"A [(1] ; 

l"J 
1:3: 2A [J] 1~/:3D"A [ 

j] ; 2B [.J] 11 /:3D"B [ 
.Jl; j,,',p (.J+ l" .J) > 
tl 

14: ro' t 

Dimens ion A and B arrays to hold the 
coefficients 

Check that an odd number of points have 
been entered 

X and Yare coordinates of the current data 
point 

M is multiplier - used in Simpson's Rule 

Multiplier alternates between 2 and 4 

Initial computation for sine and cosine 
used in r ecursion 

A[I] and B[J] are the J
th 

coefficients 

Recursive computation of s ine and cosine 

Computation for A[O] coefficient without 
use o f s ine and cosine 

Final modification with Simpson's Rule 
to compute final coefficients 
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Fourier Series Coefficients For 
Unequally-Spaced Data Points 

FILE 26 DRIVER 

FILE 27 SUBROUTINE "FOURIER" 

179 



.. - ,..'. -_.- -

• 

• 

• 
180 



Cl 
0::: 
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~ 
U 
<{ 
(l. 

l­
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w 
....J 
:;: 
W 
:r: 
~ 
El 

Cl 
0::: 
<{ 
~ 
U 
<{ 
(l. 

l­
I-

eg 
w 
:r: 
~ 
El 

Cl 
0::: 
<{ 
~ 
U 
<{ 
(l. 

l­
t-. 
W 
....J 
:;: 
W 
:r: 
~ 
El 

Cl 
0::: 
<{ 
~ 
U 
<{ 
(l. 

e§ 
:;: 
w 
:r: 
~ 
~ 

Fourier Series Coefficients For 
Unequally-Spaced Data Points 

This program calculates the Fourier Series Coefficients for a function 

defined by discrete data points (x . , y.), i = l,n. The data pairs must 
~ ~ 

be entered such that the x. are discrete, but not necessarily equally 
~ 

d d < f · - 1 1 space, an x. x. 1 or ~ - ,n- . 
~ ~+ 

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. 

2. 

3. 

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 byt e machine 

2K .,. 2N < 2632 on the 23 , 228 byte machine 

2K + 2N < 3656 on the 31.420 byte machine 

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

compute N coefficients. 

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: 

A. 
J 

B. = 
J 

Where: 

A = 

R. = 
~ 

B 

s. 
~ 

k-1 
l: s. 

i=2 
~ 

for j 1, n 

k-1 
l: T. 

i=2 
~ 

for j = 1, n 

(xi+1- Xi+2 .l y i -(xi -xi+2) Yi +l+(xi -xi+1) Yi+2 

(xi +1-x
i

+2 ) (xi -x
i

+ 2) (x
i
-x

i
+1 ) 

1 
2 

(Q.+Q. 1) 
~ ~-

2 2 2 2 2 2 
-(xi +1 - x i + 2 ) yi-(xi -xi +a ) y i +1+(xi -xi +1 ) Yi + 2 

(xi +1-xi +2 ) (x i -xi + 2) (xi -xi +1 ) 
, 

1 
2 

(R.+R. 1) 
~ 1-

x. 1J 
~+ ) 1 

x -x (2Ax. 1+B) cos [2rr( 
~+ 

2 
Y, (_-"J,--) _ 2A 
~ xk-x1 

2rrJ ) 3 
x -x 

k 1 

k 1 

sin 

- (2Ax.+B) cos [2rr( 
~ 

sin 

x.J 
[2rr ( ~ ) 1 

x -x 
k 1 
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(2Ax, l+B) 
1+ 

2 
y (_J_) _ 2A 
i+l ~-xl 

- 2A 

cos [2rr ( 

cos [2rr ( 

- (2;Ax,+B) 
1 

X,J 
1) ] 

X -X 
k 1 

x,J 
sin [2rrfrc ( 1 )] 

x -X 
k 1 

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

fractional part. 

U , ; 
1 

k;l 
E 

i;2 
U, 

1 

2 2 
B(x, 1 -X , ) 

+ 1+ 1. 

2 
+ C (x , I-x,) 

1+ 1 

Where A, B are defined above and: 

C; 1 
2 

(p, +p, 1) 
1 1-

(x , I-X ' 2) (x , -x , 2) (x,-x, 1) 
1+ 1+ 1 1+ 1 1.+ 

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

2lTx. 2lTx. 2lTx. 2lTx. 2lTx. 
sin( ~ 

(J + 1) ) sin( ~ 
) cos( ~ 

J) + cos( ~ 
) sin( ~ = 

x -x "Jc-xl x -x x
k
-x

1 xk-xi k 1 k 1 

2lTx. 2lTx. 2lTx. 2lTx. 2lTx. 
cos( ~ (J + 1) ) cos ( ~ 

) cos( ~ 
J) sin( ~ 

) sin( ~ 
= -xk-xl 

x
k
-x

1 
x -x xk-x1 

x -x k 1 kl 

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 (McGraw­

Hill, 1962), pp. 67 - 80. 

3. Acton, Forman S., N6merica1 Methods that ~ (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 Idf 26 

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 (O$N$ll). 

b. Press EXECUTE 

4. Press RUN 

5. When "HIGHEST COEF?" is displayed: 

a . Enter the highest numbered coefficient a ,b that you want 
n n 

computed. 

b. Press CONTINUE 

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

a. Enter the number of data points (x" y,) which you are going to 
~ ~ 

evaluate. 

b . Press CONTINUE 

7. When "X[I]" is displayed, 11111 is the number of the next data point 

to be entered. 

a. h f ' d' f h th , Enter t e ~rst coor 1nate ate I data p01nt. 

b. Press CONTINUE 

8. When "Y[I]" is displayed: 

a . Enter the second coordinate of the Ith data point. 

b. Press CONTINUE 

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

9. When "CHANGES?II 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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b. Press CONTINUE 

10. W1ten "DATA PT NO.?" is displayed: 

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

b. Press CONTINUE 

11. When "X[I]" is displayed, "I" is the data point number to be changed. 

a. Enter the new first coordinate 

b. Press CONTINUE 

12. When "Y[I)" is displayed: 

a. Enter the new second coordinate. 

b. Press CONTINUE 

c. Go to step 9. 

13. The coefficients will be printed. 

• 
186 
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EXAMPLE: 

f (tl 

'" 3' 

--------
1 

HIGHEST COEF';" 
10 
NO. OF DATA PTS0 
.-, ..., 
.;.. ( . 

:x: [1 ] 'I 

o 
'y'[1]? 

1.5 

>:: [2J ? 
.1 

'y' [ 2] ? 

;:< [:3] ? 
.15 
\' [3] ? 
:3 

X [4] ,~, 

.2 
\' [4] ';0 

:~~ [5] 'f' 
.25 
Y[5]? 

, , 
2 

, , , , 
3 4 

Period = 6 

,., 
• oj 

'y'[6] '~' 

~~: [7J'? 

.4 

~, .:.. 

'l [::;]? 

'y' ['3J ? 
. ., 
'- ' 

:< [1[1] 'I 
7 . , 

'r' [1 0] 'I 

187 

, , 
5 

--------
6 

'., '-' 

.9 
\' [12J? 
'., '-' 

)< [13]? 
1 
'y' [1:3J ? 
1.5 

>( [14]? 
1 .1 
'y' [14] 'I 
[1 

i< [15] '? 
1.2 
\' [15] ,~, 

[1 

t 



::.:: [,~, ~, 

.::. .. J 
,) 

4 

EXAMPLE: 
''(' [27] ? 
~:1 

::< [16] ,::, • 1 .3 
;':: [2:3 ] ? --COEFF I C I EtHS--

'y' 4 .-, c:' 

[16] '::0 a .::. •• J 

' .. ' t28] '::0 H= _:1 .0000(1(1 
(1 I 

(1 A ( t·j ) = (1 .500-:1(10 

::< [17] '::' , .' [29] ,') t·l = 1 .. (1 (1 0 000 
1 c- " • ._1 

'l [17] '? 4 .5 A ( H ) = 0 .82623E. 

(1 
' .. ' [2 '3] s' :8 un 0 .476830 I = 
0 

'f" [1:::] ? 
t~ = 2 .-30(11)00 

, , 
1 7 

>:: [30] ? A (t·o _. 0 .411971 

\' [18] ? 4 e, B (t.j) = -3 .71:3173 · ~, 
0 

y [:30 ] ? 
(1 H= ':. · (H3_30_:10 '-' 

>:: [1'3] c' A (t~1 = 0 .00(1(1(1.) 

1 • '3 
>~ [:31 ] ,::, B (t~ ) = 0 .6307:36 

' .. ' 
C-

I [19 J '? '-' 
.3 'l [:31] ,) ~l = 4 .000000 

0 A on = -0 .2'B614 

~< [20J ,') B un = (1 .:3521.315 
'.' [ .-, .-" Q 

2 ,"', .;,.::. J 
c- .~ t·l = 5 .00(1-)00 

\' [20] ,::, '-' · .::. 
0 

''(' [32] ? A (tj) = -0 .161406 
(1 B un = (1 • (1924E,9 

::.; [ 21] ,::, • ' .. ' [:33J ? H= 6 • .)(10(10(1 
2 .5 '" 
'r' [21 J '? 5 .4 A ( H ) = 0.(11](100(1 

0 
Y [:3:3 ] ? B U~ ) = - (1 · ~J00723 
(1 

::< [22J ,::, ~l = 7 .(100000 , 

2 
'~.' [34J ,') A U~ ) = 0 . 11229(1 ., c- ,", 

• ( ._1 c- ':' B ( t·j ) (1 .064172 
'l [22 J ,::, '-' · '-' -

'.' [:3 4 J ? [1 I 

(1 t~ = 8 • -3 (1 0 (H:l (1 

::< [2:3J ,) 
A un = (1 .0%514 

' .. ' [:3 5 ] ''? B Uj) (1 .166647 
'0 

,'~, = 
'-' c- · ::: 5 '.,.' [;:::3 J ? '-' , ' .. ' [:35J ,::, t~ = a · _)(H300(1 
~:i 

I " 
-] A (t~ ) = -0 • -:10-:100(1 

>:: [24 J ? 
B ( H ) = 0 .193603 

.-, c- ::< [~: 6J ,) 

. .:, • ,_I c-
' .. ' [24 J ,::, .) .9 H= Hl • (H30(100 
I 

0 
\' [36J ,::, A ( H ) = -(1 .073658 
(1 B (tj) = I-) .12756'3 

>:: [25J '::' 
"::' 7 

'.} [:3 7] "') ,", 
~, 

6 'y' [25 ] ,) 

0 
\' [37J ? 
1 c-· .) 

' ... ' [26] ,::, 
,", CHA~jGE ~:? • .-, .'3 . .:, 
' .... [ 26J '? , 
~3 
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"FOURIER" SUBROUTINE 

The subroutine calculates the Fourier Series Coefficients a . and b. 
1 1 

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

by n discrete data points (xi' y
i
), i = l,n. 

The finite Fourier series is given by the formula : 

where 

ao 
2 

the 

a. 
1 

b. 
1 

+ 
n 

i'ITX i1Tx 
l.: (a. cos ( ) + b . sin( 

i=l 1 T 1 T 

Fourier coefficients a. and b. 

2 
T 

2 
T 

1 1 

21Tix 
f(x)cos( T ) dx 

21Tix 
f(x)sin( T ) dx 

» 

are: 

i = 0, n 

T specifies the period equivalent to (xn-x
l

) 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 ass igned 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 (x . , y.), i = l,n should be entered such that the 
~ ~ 

xi are discrete and xi<x i +l for i = l,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 fil e 26. 

PARAMETERS AND VARIABLES USED: 

<INPUT> 

K 

N 

X[K] } 

Y[K] 

<OUTPUT> 

number of data points 

highest numbered coefficient desired 

data points (Xi' Yi)' i = 1, K 

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

A [O:N] } 

B[N] 

<DESTROYED> 

A 

B 

c 

D 

E 

F 

contain the Fourier Series Coefficients 

rl if first s e t of data, r4 if last, otherwise the average 

of rl and r 4 

r2 if first s e t of data, rS if last, otherwise the average 

of r 2 and r S 

r3 if fir s t s e t of data, r6 if last, otherwise the average 

of r3 and rS 

x . ; x -x 
~ n 1 

xi +l 

x i + 2 

1 90 
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G 

H 

I 

J 

L 

M 

p 

Q 

s 

T 

U 

V 

W 

Z 

rl 

r2 

r3 

• 

21TX.J 
sin (_..-;1=-:) 

"k-XI 

21TX.J 
cos ( __ 1=-:) 

xk -Xl 

counter for data points 

counter for coefficients 

cos( 
21TX . IJ 

1+ ) 
X -X 

k 1 

2AX i +l + B 

2Ax. + B 
1 

partial sum of integral for a., the jth coefficient 
J 

21TJ 
X -x 

k 1 
argument for function evaluation; temporary storage 

for integral computation 

Yi 

Yi+l 

Yi+2 

denominator (X. I-x. 2) (x . -x. 2) (x . -x. 1); temporary 
1.+ 1+ 1. 1.+ 1. 1.+ 

storage 

X.X. lY' 2}/Z 
1. 1+ 1.+ 
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r4 

r5 

r6 

r7 

r8 

r9 

rIO 

rll 

r12 

r13 

r14 

former value o f rl 

forme r value of r2 

forme r value of r3 

J 

computed; 

2Tfx. 
1 

( 2TfJ ) 
xk-xl 

3 

2Tfx . J 
sin( 

1 . 
xk-xl 

2Tfx.J 
cos( 1 

xk-Xl 

whe re J is current coefficient number being 

first argume nt for functional evaluation 

second argument for functional evaluation 

sin ( 
2Tfx. IJ 

1+ 

X -x 
k 1 

2Tfx. IJ 
cos( 

1+ 

x -x 
k 1 

r15 partial sum of integral for b
j

, the jth coefficient 
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INSTRUCTIONS: 

1. 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. 

2. Insert UTILITY ROUTINES cartridge . 

3. (Optional) 

4. 

a. Type fxd N or fIt N where N is the number of digits 

printed to the right of the dec imal point (O~N~ll). 

b. Press EXECUTE 

Load the file. 

a. Type ldf 27, N, M where: 

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

loaded into memory. 

~1 = line number where execution is to begin afte r subroutine is 

loaded. 

b. Press EXECUTE 

1.93 



ANNOTATED LISTING: 

DRIVER - FOURIER SERIES COEFFICIENTS FOR UNEQUALLY SPACED 

POINTS 

0: le1f 27,17,1 

slOe 2 
2: En F> "HIGHEST 

COEF'! " ,N;if 
+'191:::::; C.+"3 13 ; 
9;":0 +0 

:3: enp "NU. UF 
DATA PH;?", K; 
if fl '313; c.h 
13; 91.0 Hi 

4: l"J;eli," :': [K] , 
\' [K] ; s,pc. 

5: enp ;';[.J];if 
f 1'313; C.f '3 13; 
-s.t, ,) +0 

E,: e np \,[ ,J];i f 
f 1 '313; C.f9 13; 
91.0 +0 

7: if (J + 1 .. ~I) <=K 
; SPC ; ·~to -2 

:3: SPC ; enp hLHA 
NGES?",A;spc. ; 
if fl '313; '3;'0 +4 

'3: E'np "DATA PT 
t~O.?",J;if fl '31 
3; c.f9 13; 9;'0 +0 

10 : E' np X [ ,J] ; if 
fl'313;c.f'3 1~:; 
91.0 +0 

11: C.f 9 13; e np 
'y' [J] ;3t, 0 +~3; if 
not f1913;spc ; 
'31.0 -3 

12: '3Sb "FOURIER 

1;j: SP C ;;:;prt ii_ 

-COEFFICIENTS-­
" ;spc. ;l~I 

14: prt, "t~=", [1, 
"A(N)=",A[0]; 
SPC 

15: prt, "N=",I, 
"A(N)=",A[I], 
"BU'n =" , B[IJ; 
s,pc. ; j f",P (I + 
H!)N 

16: spc. 4; E' nd 
*12523 

Load the subroutine after the program 

Enter the number of coefficients to be 
computed 

Enter the number of data points 

Enter the data points (X " y,) into 
~ ~ 

the X and Y arrays 

Make any necessary changes 

Branch to subroutine 

Print the Fourier coef·ficients 
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ANNOTATED LISTING: 

SUBROUTINE - FOURIER SERIES COEFFICIENTS FOR UNEQUALLY 

SPACED POINTS 

0: "FOURIER": di(·) 
A [0: H] , 8 [t~]; 

HI; l~ .J; ~HA [0] 
1: O"A [.J] .. 8 [ .J] ; 

j(·)P (.J+l".J) >t·j 
2: ).( [IHA~D; ?': [I+ 
1] "S"E; Y [IJ .. 1.1; 
Y[I+l]"V 

3: if I=K-l; ·~u, 

+8 
4: X[I+2]"C"F; 
y[I+2H~J 

5: lE-FJ l D-FJ (b­
E) .. : 

6: ((E-nU lD 
F ) './ + (D-E ) ~~) / 
Z-trl 

7: -((EE-FF)U­
(DD-FF)\!+(DD­
EE ) ~J) ,., : .. 1'2 

8: llE FJEFO tD 
F ) OF\!+ (D- E) DE~J) 
./ z~ r3 

.-. 

.;) 

10: .5 (r l+r4) .. A; 
.5 (r2+r5) -tB; 
.5 (r3+r6) .,C; 
~t. .. +2 

11: r4~A; 1'5 .. 8; 
r6"C 

1 :3: cH>:: [1+1] + 
8"P; 2Ai< [I] +S"GI 

14: rHr4; r::::"t"5; 
r3-tr6 

15: A ( EEE-OOD )./ 
3+8(EE-DD) / 2+ 
C (E-D ) +A [0] ~A [(1 
] 

lE.: sin(::::fl' i<ErJ / 
l:": U(] -:>([1] Hr8) 
"G 

17: (,0::' (r::: ) -tH 
18: sirol2fl':HI+ 

1] ./ Do( [KJ -)( [1 ] ) .. 

r9 ) "L 
19: c,:;s(r9)"N 
20: H.J; G~dl; 
H"d2;Ur13; 
tHr14; '3t'J +5 

Initialize coefficient arrays to zero 

Three consecutive data points (X.,Y.) , 
(Xi+l:' Y i+l) , (X. ,Y . 2) are stofed~in 
simp e variable§+tor~tater use (except last 
two data points) X.=D Y.=U 

1. 1. 

Xi+l=E Yi+l=V 
X. 2=F Y. 2=W 1+ _ 1+_ 

(X . I-X. 2) (X.-X. 2) (X.-X. l)~ 
~+ 1+ 1 1+ 1 1+ 

{(Xi+l-Xi+2)Yi-(Xi-Xi+2) Yi +l + (Xi-Xi +l ) Yi +2} 

/Z -+ rl = A' 

{(Xi+l-Xi+2)Xi+lXi+2Yi-(Xi-Xi+2)XiXi+2Yi+l+ 

(x.-x.+ X'X'+lYi+)/Z -+ r3 = C' 

If first set of points A'~A,B'~B,C'~ 

Average of computed values goes i nto A,B,C 

(A'+AP) -+ A (B'+BP) -+ B 
2 2 

(C'+CP) -+ C 
2 

If last set of points AP-+A, BP-+B, CP~ 

J is subscript of coefficient being computed 
P and Q are used 1n computatl0n of arguments 
for sine and cosine 

Old value of A' ,B' ,C' saved in AP, BP, .and CP 

A[O] coefficient computed 

Invariants for recursive computation of 
sine and cosine values are stored in 
simple variables 
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ANNOTATED LISTING: 

21: G r 12+H ,"11 .;' r7 
H r 1 2-G ,"11;. r 1 

2;r7-trl1 
23: L r 14+t-l r 13;. ,"7 
24: ~lr14-Ld:Hrl 
4;r7~rl:3 

25: ,.1 / C~ [KJ - )<: [1 ] 
J-tr7 

:::6: I. I, cl1' r7-tT) T.:, r 
7:lT;.dO 

27: (\'[I+1Jr7-
2A) .i rl0;.Z; ("1'[1] 
r7-2A) /r l0H 

i8: l.pd4 Od2)/ 
r7+2 r13 -Tdl .. S 

29: (P d:;:-I) r lll ./ 
r7-Zr14+Tr12;.rl 
" '.' 

30: :3+A [.)] -fA [ .J ] 
~:1: r 15+8 [..1] .. 8 [ .J 

] 
:,:2 : if J#tH .1+ 

1;' . .1; ·,,1,0 -11 
:3:3: if (l+l;.I)#K 

;'3tO -:3 1 
34: O+.j;;';[K]­

;": [1] .. [1 

35: If 1..J+l-t.JJ }o n 
; A [ 0] ,/ [I"A [0] ; 

:3 6 : 2A [ . .1] /[I"A [.I] 
; 28 [..I ] / DH: [..I] ; 
,,,1,0 -1 

*24671 

Recursive computation of sine and cosine 

Coefficient number div±ded by period 

Temporary variables for integration 

Sand r15 are partial sums of numerical 
integration approximation for A[J] and B[J] 

Integral approximations updated for A[J] and 
B [y] 
Repeat for 'the next coefficients 

Repeat computation for next set of 3 data 
points 

D is period 

Finishing touches put on Fourier coefficients 
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FILE 28 

FILE 29 

Iterative Rootfinder For 
User-Defined Function 

DRIVER 

SUBROUTINE "ROOTS" 
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0 
c:: 
<{ 
:.:: 
U 
<{ 
0-

l-
I-
LLJ 
...J 

~ 
LLJ 
:I: 

~ 
t::l 

0 
c:: 
<{ 
:.:: 
U 
<{ 
0-

l-
I-

e LLJ 
...J 

~ 
LLJ 
:I: 

~ 
t::l 

0 
c:: 
<{ 
:.:: 
U 
<{ 
0-

l-
t-. 
LLJ 
...J 

~ 
LLJ 
:I: 

r.il 
eJ 

0 
c:: 
<{ 
:.:: 
U 
<{ 
0-

e l-
I-
LLJ 
...J 

~ 
LLJ 
:I: 

r.il 
eJ 

Iterative Rootfinder For 
User-Defined Function 

This program will search for solutions of fIx) = 0 over an interval 

[a, bl where the user defines the 

may be algebraic of the form (a
O 

a. real and e. rational (e.g. X3 
~ ~ 

sin(X) + cos(X». 

continuous function f(x) • . 
el e2 + a

l 
x + a 2 x + ... + an 

The function 

xen) with 

+ 3x3/ 2 + JX) or transcendental (e.g. 

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. 

2. Load the file. 

a. Type Idf 28 

b. Press EXECUTE 

3. (Optional) 

4. 

5. 

6. 

7. 

8. 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the decimal point (O$N$ll). . 

b . Press EXECUTE 

Press RUN 

Ilhen "DEFINE FUNCTION" appears in the display: 

a. Type gto IIEVAL" · 

b . Press EXECUTE 

Press STEP 

Press STEP 

Fe tch the line where the function is stored. 

a. Observe the numbe r in the display and press FETCH followed by 

that number. 

b. Press EXECUTE 

9. 'beep; beep; dsp "DEFINE FUNCTION"; s tp' 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 r e quires more than one line: 

a . Type the first line o f the function definition. 

b. Press STORE 

c. Type the next line of the function definition 

d . Press INSERT (line INSERT not characte r INSERT) 

e . Repeat steps c and d until the complete function has been entered. 
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10. Continue execution . 

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

character rather than pressing the CONTINUE key). 

b. Press EXECUTE 

11. When IILOW BOUND?" is displayed: 

a. Enter the lower bound of the interval to be searched for roots. 

b. Press CONTINUE 

12. When "UPPER BOUND?" is displayed: 

a. Enter the upper bound of the interval to be searched for roots. 

b. Press CONTINUE 

13. When "SEARCH INC?" is displayed: 

a. Enter the size of each subinterval that will be searched for 

roots. 

b. Press CONTINUE 

14. When "EPSILON?II is displayed: 

Either 

Press CONTINUE 
-6 

, if you want the default value of 10 for the 

fIx) error tolerance. 

or 

a. Enter the error tolerance for fIx) 

b. Press CONTINUE 

15. When "MAX BISECTIONS?" is displayed: 

a. Enter the maximum number of interval bisections that can occur. 

b. Press CONTINUE 

16. 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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EXAMPLE: 

Roots of sin(2X) = ° 

on interval [0, 6) 

are 0, n/ 2, n, 3n/ 2 

202 

LO~·l BOUND ';' 
(1 
UPP ER BOUtlD? 
6 
SE AR CH IN C? 
. 5 
~l A>': B I SECT I Otl~; "' 
12 

EF'S I LOtl? 
. 0 (;0001 

-- ~ ROOTS ARE- --

0.00001313 
13. (1130(1013 

A CCUF~ATE TO 
~) . 1300130(1 

>~ BEH1EE rl 
1.570:;:13 
1. 5713801 

F(~~ )= [1.0(HH7'3 

ACCURATE TO 
13 • ~)004:::8 

~,: BEH~ EEtl 

3.14111:3 
3.1416132 

F (~O = -~).0[1 047e 

ACCURATE TO 
0 . 000488 

>': BEH1EEt·l 
4 . 711'314 
4.712402 
0.0(10462 

ACCUF~ ATE TO 
0 . 0(HH88 
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"ROOTS" SUBROUTINE 

This subroutine will search for solutions of f(x) = 0 over an inter­

val la, bl where the user defines the continuous function f(x). The func-

tion may be algebraic of the form a
O 

+ alxel + 

a. real and e. rational (e .g. X3 + 3X3/ 2 + JX) 
~ ~ 

sin(X) + cos(X». 

e2 en . a
2

x + ... + anx W1th 

or transcendental (e.g. 

The user specifies the search increment ~x and the error tolerance 

for f(x). The program then begins at the l eft of the interval and com­

pares functional values at the ends of the subinterval la, a+Axl. 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+l) 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 2-M(B - A). The subroutine will 
B - A 

examine N = int( Ax ) 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 r oot i s 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 use r 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 variables 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 

B 

D 

E 

M 

f(x)+Y 

<OUTPUT> 

lower bound for search interval 

upper bound for search interval 

search increment (6x) 

error tolerance 

maximum # of bisections for each subinterval 

must be defined in "EVALH subroutine 

B, D, K, M unchanged 

Roots are printed in subroutine, but not saved. 

S 

flg 2 

<DESTROYED> 

C 

L 

R 

interval size ,bordering roots when' found 

set if bounds are reversed 

counter for numbe r of interval halvings 

left (lowe r) bound 

right (upper) bound 
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x 

y 

z 

"domain argument for function evaluation in "EVAL" 

functional value f(x) 

product of f(A+i6x) and f(A+(i+l)6x). If negative or zero, 

a root is contained in the interval • 
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INSTRUCTIONS: 

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

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

2. Insert UTILITY ROUTINES cartridge. 

3. Type Idf 29, N, M where: 

N = line number where first line of subroutine should b e loaded into 

memory. 

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

4. Press EXECUTE 

5. (Optional) 

a. Type fxd N or fIt N whe re N is the number of digits 

printed to the right of the decimal point (0$N!>1l). 

b. Press EXECUTE 

6. Find the line where the function is stored. 

a. Type gto "EVAL" 

b. Press EXECUTE 

7. Press STEP 

8. Press STEP 

9. 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 

10. '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. 

b. 

c. 

Type the first line of the function definition 

Press STORE 

Type the ne xt line of the function definition 
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d. Press INSERT (line INSERT not character INSERT) 

e. Repeat steps c and d until the complete fucntion has been 

entered. 

11. Continue execution . 

a. Type cont N ,where N is the location where the p rogram 

execution should begin. (Do not press the CONTINUE key; 

you must· type in "contU one character at a time). 

b. Press EXECUTE 
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ANNOTATED LISTING: 

DRIVER - ITERATIVE ROOTFINDER FOR USER-DEFINED FUNCTION 

0: Idf 29.10.1 
1: (,+"3 l~:;d::'F=' 

" ClEF I tol E FUflCT I 0 
t-j" ; s- 1. p 

2: enp "LOl-j BOUt-l 
D'! ",A;if fl-31~:; 

cf'l 13;'l1.e. +0 
3: e-np "UPPER 

BOUHD?",B;if 
fl'l13;c.f -3 1~:; 

-31.0:0 +0 
4: e-np "SE A~:CH 

ItlC'! ", D; if f I'll 
:3;c.f~ 1 :3 ;~to +0 

5: enp "t'lAi: BISE 
CT I Ot-1S?", t'n if 
fl-313;cf'l1:3; 

6: ;:·pc ; E'np "EPS 
ILOt~ ?" ,E;=- pc ; 
if fj-31:3i1e--E," E 

7: prt ROOTS 
ARE- -- -"; s-pc 2 

:::: -3;-[, " ROOT:,;" 
'3: ::.pc 4;end 

Load the s ubroutine after the program 

User must define function in subroutine 

Lower bound of search interval 

Upper bound of search interval 

Size of search interval 

Maximum number of bisections during search 

Error tolerance 

Branch to subroutine - Roots are printed 
in subroutine 
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ANNOTATED LISTING: 
SUBROUTINE - ITERATIVE ROOTFI NDER FOR USER- DEFINED FUNCTION 

0: " POOTS" : I:. f ·~ 
2 ; if A>8; S.f9 2; 
ds.r.' " ILL EGAL 
80Ut'l[I ::;"; t" et. 

2: 'i..;..F 
:3 : If I. H+D"A .li t:: ; 

ret 
4: A-;.>:: ; ·;I::;.b "E \,1 AL 

6 . 1 f . Z «1 ; '-3to +J 
"' : ,.- 1 f F =t.1 ; H [1"*;;.:;; 

F .. 'l 
:::: p rt " ~ .' - " ', .' ,"', - ,,'-',' 

"F f>::) =", "it ; :;. PC 

A+[I"A; 1 . ·-12 .. ::; ; 
':;It [I +'3 

'3: A [I"L; H .. F:; IJ "C: 
1~=1: CL+F.:)./2 -.;t-::< ; 

·~s. b "E"lA L" 
11: If (C +l .. CI.> r-1 

; '3to +5 
1.2: if oJ.b s ( \') <: E ; 

13: i f ( F 'l -tZ»~~1 ; 

\' ; ::;· pc ; F:-L-t~:;; 

'-3 t I) + 3 

16: I:' rt. ": •• : BE T(·JE 
EN " , L, R, "F (X) =" 
, V;:::.PC- ;F.~ -L-t~:; 

17: SP(. ;p~·t 

" ACCUPATE TO" , 
~:; ;::;. f-'C :~: ; '-3to -16 

1::: : " E"l AL": 
19: bE'i?P;bE' E'F='; 

ds.f' "DEFIt·1 E 
FUt·leT I Clt'l"; s. t. p 

;;;~(1 : r~·t. 

Check for ille gal order bf search b o unds 

Functional value fo l e ft bound 

Left b ound saved ,in F 

Right bound saved in L 

If product i s positive , s earc h next interval 
If product i s negat ive , look f or roo t 

ROOT h a s been f ound 

Compute midpoint and i ts func tional val ue 

Ch eck for ma ximum number of iterations 

Check if e rro r tole r ance i s satisf i ed 

If p r oduct is positive look o n right inte r val 

Check if r oot has been found 

Search o n left interval 

Print roots and accuracy 

Function will be defined in line 19 
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• Polynomial Rootfinder 

FILE 30 DRIVER 

FILE 31 SUBROUTINE "ROOT" 
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Polynomial Rootfinder 

This program will find all roots, Z, of polynomials of the form 

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. 

2. 

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 byt e machine 

N < 3175 on the 31,420 byte machine 

"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 nROOT" subroutine . 

FORMULAE 

n 

fez) = E (a
k 

+ ib
k

) 
k=O 

k 
z = 0 

Siljak functions ~ and Y
k 

are defined by 

k 
z + iY and may be calculated recursively 

k 
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Xk+2 

Yk+2 

n 
u = E 

k=O 

n 
v = E 

k=O 

REFERENCES: 

2x (x 
2 y2) Xk +l - + 

2x Yk +l -
2 2 

(x + y ) 

(akXk - bkYk ) 

(akYk + bkX
k

) 

~ 

Y
k 

where x + iy are the root approxi­

mations 

1. Moore, J .B., "A Conve rgent Algorithm for Solvj.ng Polynomial Equations", 

Journal of the Association for Computing Machinery. vol. 14, No. 2 

(April, 1967), pp. 311 - 315. 
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INSTRUCTIONS: 

1 . Insert UTILITY ROUTINES cartridge with machine turned on. 

2. Load the file. 

a. Type ldf 30 

b. Press EXECUTE 

3. (Optional) 

a. Type fxd N or fltN where N is the number of digits 

printed to the right of the d ecimal point (O~N~ll). 

b. Press EXECUTE 

4. Press RUN 

5 . When "DEG OF POLY?" is displayed: 

a. Enter the degree of the polynomial that you are going to evaluate. 

b. Press CONTINUE 

6. When "A [I] II is displayed, "III 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 

7. 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. 

8. t'lhen "CHANGES?" is displayed: 

Either 

a. Press CONTINUE if no changes need to be made. 

b. Go to step 12. 

or 

a. Ente r 1 if you want to make changes. 

b. Press CONTINUE 

9. When "COEF EXP?" is displayed: 

a. Enter the exponent of the coefficient to b e changed. 
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b. Press CONTI NUE 

10. When "A [I ]" is displayed: 

a. Enter the real part of the corr ect coefficient . 

b. Press CONTINUE 

I I. When " B [ 1 ]1I is displayed: 

a. Enter the imaginary part of the correct coeffi~ient. 

b . Press CONTINUE 

c. Go to step 8. 

12 . The roots will be printed. 
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EXAMPLES: 

(1+OilZ
2
+(-2+ilZ+3-i = 0 

Z = 1-2i 
1 

Z2 = l+i 

[lEG OF F' OL 'i'~' 

2 

A[2]':' 
1 
8[ 2 ]'~:' 

[1 

-2 
8[1l '~' 

1 

8[0J '~' 

-1 

F.:OOT HO . 
2 .000[H]0 

A= 1.0[1[1000 
E:= 1.000000 

ROOT r-10 . 
1.000000 

A= 1. [1[10 ~,100 

8= -2 .000~'H30 

217 

DEG OF POL""" ~' 
2 

A [2] ,~, 

2 
8[2]" 

A [1J', 
-7 
8[1] '~' 
~,1 

A[0] '~' 

-15 
8[0] ':' 
o 

ROOT HO. 
2.[1000~][1 

A= - 1.500000 
8= ~] .000000 

POOT ['10. 
1 . 00[1000 

A= 5.000000 
8= ~] .[H]000[1 

2 
2Z -7Z-15 = 0 

Z = 5 
1 

Z2 = -1.5 



"ROOT II SUBROUTINE 

This subroutine will find all the roots, Z, of polynomials of the 

f . b ( b ) Z ( . b ) z2 (+ 'b ) zn 0 orm a O + ~ 0 + a l + 1 + a 2 + ~ 2 + ... + an ~ n =. 

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 accurate 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 find 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 <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 program which uses this subroutine can be found in 

file 30 listed on page 222. 
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PARAMETERS AND VARIABLES USED: 

<INPUT> 

N 

A[ 

B[ 

<OUTPUT> 

} 

C [J) } 

D[J) 

flg 2 

<DESTROYED> 

A 

B 

C 

D 

E 

F 

G 

I 

K 

L 

M 

P 

degree of polynomial 

A. + iB. represents the coefficients of the polynomial 
~ ~ 

where the subscript corresponds to the exponent of the 

variable. 

C. + iD . represent the jth root of the polynomial 
J J 

set if the algorithm does not converge to a root 

temporary storage for A[K), K = O,N-l 

te~porary storage for B[K), K = O,N-l 

temporary storage for B[K), K 1,N 

6x: temporary storage for A[K), K = 1,N 

6y 

2 2 
u + v , function value for Siljak functions 

former value of F used t o 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 

au 
ax 
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Q 

T 

u 

v 

x 

Y 

z 

rO 

rl 

X[ 

Y[ 

} 

} 

• temporary storage 

real part of F; temporary storage for A[K + 1), K = O,N-l 

imaginary part of F; temporary storage for B[K + 1), K = O,N-l 

x + iY is the root apprm<ination 

X2 + y2 used in computation of Siljak Functions: 
2 2 

(au) + (av) 
ax ax 

temporary new value of X 

temporary new value of Y 

Siljak function where Zk = X
k 

+ iY
k 

• 

• 
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INSTRUCTIONS: 

1. Load your program into memory. The program should set up all nec es­

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

2. Insert UTILITY ROUTINES cartridge. 

3. (Optional) 

4. 

a . Type fxd N or fIt N where N is the number of digits 

printed to the right of the decimal point (O~N~ll). 

b. Press EXECUTE 

Load the file. 

a. Type Idf 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. 

b. Press EXECUTE 
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ANNOTATED LISTING: 

POLYNOMIAL ROOTFINDER 

(n c.f.~ 1 :3; Idf 
31,15,1 

1: enF-' "DEG OF 
F'OL''''''~' '' , t·j; H"O; 
if f 1 ·~1:3; c.f·~ 
1 :~:; '3to +[1 

2: t-j-'t!;di r", A[(1:t·l 
],8 [0: H]; ~.r-'c 

:~: : enF-' A[!J;if 
fl'~l:3;cf'~ 1:3; 
·~t.c' +0 

4: E'nF-' 8[!J;if 
fl ',1:3;ct'-31:3; 
"t.o +0 

5: if (I-l-tIP=0 
; SPC ; "3 t o -2 

6: SF-'C ; erw " CHA 
t·1GE:3 '7''' , I ; ~· F-'C ; 

if f 1 ',1:3; "t.o +4 
7: E't"lr-o "E::-::P t~O.? 
",I;if fl '~l:3; 

Cf9 1 3 ; ';Ito +~1 
::: : E'np A [IJ; if 

fl'31:3; cf" 1 :3 ; 
·~t.o +0 

'3: C.f9 13;E,t"!P 
8[1];3 1. 0 +O;if 
not f 1'313; spc. 
9t 0 - :3 

113 : ,,~.b "ROOT" 

I;;:: spc. ~; prt. II 

" ; spc. 2; O-t .j 
1 :3: ~·Pc. ;Pt-t 

"F:OOT flO,",J, 
"A= ", C [ .J], " 8=", 
o L I] ; j,~ p ( J­
l-t.J) <1 

14: ~.r-'c 4;E'nd 
*17273 

Load subroutine after the program 

Enter the coefficients of the polynomial 
into the A and B arrays 

Make necessary changes 

Branch to subroutine 
Stop 1f error flag set 

Print roots 
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ANNOTATED LISTING : 

SUBROUTINE - POLYNOMIAL ROOTFINDER 

[1: "F~OO T ":cf'~ 2; 
di,.'l I': [0: t·n, 'y' [(1: 
tn, C [N] , D un i 
1-+::< [0] -it ',) [1] ~'r'; 
.1-t:,( [1] -tin O-tL-t',.' 
[0] 

1: l-t :X: [O]-t "" [1]-t '''­
i .H )<[1Hi( i(HL-t 
'r' [0] 

2 : '3::b "SIL.JAK" 
:3: F-tGi ti-tk-tP-tIHM 

iL+l-tL 
4: if ff(+l-tKl > Ni 

PP+G!G!-:..Z; '::It (I +] 
5: KfH[KJ:,<tk-iJ­

B [n Y U<-l] ) +P-tP 
E,: KfA [ K] '/[K-l]+ 

B [KJ)< [f(-1 ] ) + 
O"' C!;'::Ito -2 

7: -(UP+VC!J,···· ::>+[I; 
f UI}-VP) /Z-t E 

c: : t1 +1-t t'1 
'3: >::+D -t;:':: [1] ; '/+ 

E-t\' [1] 
1(1: ·3::.b " SILJAK " 
11: If F.> I~;·~t.o 

+4 
12: if ,"bs I.D J ·d.· 

-:3 o.nd o.b::. ( E ) ( 1 
E'- :3 ;'=3to +1:3 

1:3: if L>50i '3t.o 
+4 

14: I': [1] -tl': i 'r' [1] -t 
'y'j '3to -11 

15: if t'l<:=H]iO/ 
4-tD; E .. ··· 4-tE j '3t 0 -

7 
16 : if o.b::.I.UJ<. =1 

.;;,- 7 o.n d O.b S (\,l ) < 
=l E'-7; '=3t I:, +'3 

17: .:;+"':;1 ~;dsp 
"t·jO CCl t·j ',,.'ERGENCE 
II ; r E" t 

1 :3: ":3IL.JHK"::·: t1 
] >': [1] +'l [ 1] 'i [1]-t 
Z; -i-tH 2 >( [1]-tT 

1'3 : if (K+ l-tfCI>t-l 
-2 ; ~:1 -;.U -t V ; -l-t K; 
";It Q +3 

2(1: n U:+l] -Z :'< [f< 
] -t:,< [f<+2] 

21: n' U:+ l] -Z \' [f< 
] -t',-' [ f< +2] ; ·3 t.O -2 

X[] and Y[] hold Siljak coefficient s 

A [] and B [] wilL hold root approximations 

Initialize 

Branch to computation of Siljak coefficients 
G gets former value of F , initialize and 
increment iteration counter 

ou 
p~ = ox 

N 
1: K(A[K]X[K~l]-B[K]Y[K-l]) 

K=l 
N 

Q= ~u = E K(A [K]Y[K-l] +B[K]X[K-l ]) 
x K=l 

D=6x change in x , E=6Y change in Y 
Increment successive quartering counter 
New root -.: approxirnati on X, Y l oaded into 
X[l ] and Y[l] 
Recompute Siljak coefficients 
If new error estimate greater tha n old 
quarter the size of 6x and 6Y 

Ar e increments small enough t o satisfy the 
stopping conditions? 
If more than 50 iterations, stop . 

I terate again ' 

Quarter the interval size and try again 

Check if s t opping conditions sati sfied 

Error message 

SUBROUTINE TO COMPUTE SILJAK COEFFICIENTS 

X[O ]=l, X[l]=X , Y[O]=O, Y[l]=Y 

recursively 

x [K+2j. = 2X*X [K+l] - (X2+y2 ).X [K] 
Y[K+2] = 2X*Y[K+l ]-(X2+y2)Y[K] 
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ANNOTATED LISTING: 

22: if (K +HK l> t'l 
; UU+',/I",1-tF; re·t 

2:3: A[KJ>': [KJ-
B [KJ Y U(] +U-'> U 

24: A[K] '/[KJ+ 
E: [~<] >~ [KJ +1.,,1 7 1,/; 
-::I t. O -2 

25: :'.,; [1] -'>c [t-lJ ; 
'i [1] -'>[1 [t-lJ 

26: AUlPA;B[tlH 
B ; ~H A [t-lJ -'> B [t·lJ ; 
tH K; >; [1] -,» ~ ; 'y' [1] 

27: if IY -HKl <0 
; ·~to +4 

28: A[!<]-tC;8[K J-t 
[I 

29: A+ )':( AU<+1J-'>U 
) - '/ (B [ K+ 1J " V)-'> A 
[KJ 

:}(1: B+~:V+ '/ U-'>B [K] 
; C-fA ; [178; '=3t 0 -3 

:31: If l.n-btl J #1 
;"3to -:)t:1 

:n: -«A[O]-'>Al(A 
[1] -,> Ul + I: B [0J -'>B) 
(B[1]-'> '.,I l) / ( UU + 
',,i',,i-'>T 1 -'>C [1] 

:3:3 : (AV-UBl ... ··T-'> [I[ 
1] ; ret 

N 
U = E (A [K] X [K]-B [K] Y [K] ) 

K=O 

N 
V = E (A[K]Y[K-l]+B[K]X[K-l]) 

K-O 
Store computed root in C and D array element 

Initialize variables f or synthetic division 

Synthetic division to calculate new 
coefficients A[] and B[] 

Reduce numbe r of coefficients and begin again 

Since degree of resultant po lynomial is 
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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String Array Sort On A 
Substring Key 

£:) 
0:: 
<{ 
x: U This program sorts a string array A$[] into ascending (or descending) 
<{ 
~ order such that A$[K] « or» A$[K+l] for K = b, b+l, •.. , t-l, t where 

~ the user can specify the sorting bounds band t. The sort can use the 
LJ.J 
~ whole string or any substring as a key to allow maximum flexibility. 
3: 
LJ.J 
:I: 
~ The program requests all necessary information, calls the subroutine 
t::l 

o 
0:: 
<{ 
x: 
U 
<{ 
~ 

l­
I­
LJ.J 

.~ 

"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 fora large number of strings but the 
0:: 
<{ memory used will be kept to a minimum. Specific speed and sizes a.re dis-
x: 
~ cussed in the Special Considerations section of each routine. 
~ 

I-
~ To run either of these string sorting routines you must have the 
~ 3: Strings ROM in the machine. 
LJ.J 
:I: 

~ 
t::l 

£:) 
0:: 
<{ 
x: 
U 
<{ 
~ 

e§ 
3: 
LJ.J 
:I: 
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"QSORT" 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: 

2. 

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: 

21092 N + 
1 

L + N + 2 L * N < 621 on the 6,844 byte machine 

21og
2

N + L + N + 1 
L * N < 

2 
1645 on the 15,036 byte machine 

21og2N + L + N + 1 
L * 2 

N < 2669 on the 23,228 byte machine 

The 31,420 option is not compatible with the Strings-AP ROM. 

The speed of the sort is proportional to Nlo92N 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 f i le 34 on page 239. 

REFERENCES: 

1. Hibbard, Thomas N. "An Empirical Study of Minimal Storage Sorting", 

Communications of the AC!4 ~ (!1ay 1963), pp. 206 - 213. 

2. Shell, D.L. "A High Speed Sorting Procedure", Communications of the 

ACM ~ (July 1959), pp . 30 - 32. 
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3. Singleton, Richard C. "Algorithm 347 - An Efficient Algorithm for 

Sorting With Minimal Storage", Communications ~ ~ ~ (March 

1969), pp. 185 - 186. 

4. Scowen, R.S. "Algorithm 271 - Quickersort", Communications of ~ 

ACM (Octcber 1965), pp. 669 - 670. 
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"SSORT" SUBROUTINE 

SPECIAL CONS IDERATIONS : 

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: 

2. 

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: 

1 
L(l + N) + N < 676 on the 6,844 byte machine 

2 

1 
L(l + N) + N < 1700 on the 15,036 byte machine 

2 

1 
L(l + N) + N < 2724 on the 23,228 byte machine 

2 

The 31,420 byte option is not compatible with the Strings-AP ROM. 

d f · 1.5 The spee 0 the sort 1S approximately proportional to N 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: 

1. Knuth, Donald E., Searching and Sorting (Addison Wes l ey , 1973), 

pp. 84 - 87 . 

2. Shell, D.L., "A High Speed Sorting Procedure", Conununciations of 

the AMC l (July 1959), pp. 30 - 32. 
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INSTRUCTIONS: 

1. Insert UTILITY ROUTINES cartridge with machine on. (Check that the 

Strings ROM has been inserted). 

2. Load the file. 

3. 

4. 

a. Type ldf 32 

b. Press EXECUTE 

Press RUN 

When "ENTER 1 
and 

"ENTER 2 
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 

5. When "NO. OF STRINGS?" is displayed: 

a. Enter the number of strings in the array. 

b. Press CONTINUE 

6. When "LENGTH OF STRING" is displayed: 

7. 

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 

When A$ [I) is displayed , "I" will be the number of the Ith string 

the array. 

the 
th 

string of the array. a. Type I 

b. Press CONTINUE 

in 

c. Repeat step 7 until all strings in the array have been entered. 

8. \ihen IICHANGES?" is displayed: 

Either 

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

entered data . 

b. Go to step 11. 
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or 

a. Enter 1 if you need to make changes. 

b. Press CONTINUE 

9. When "STRING NUMBER?" is displayed: 

a. Enter the number of the array element t o be changed. 

b. Press CONTINUE 

10. When "A$[I]" is displayed , "I" will be the number of the string to 

be changed. 

a . Type the correct Ith string 

b. Press CONTINUE 

c. Go to step 8 . 

11. "ENTER SUBSET OF 

ARRAY TO BE 

SORTED " 

will be printed. 

When "LOW BOUND II is displayed: 

a. Ente r the number of the array element which is the lower bo und 

for the sort. 

b. Press CONTINUE 

12. When "UPPER BOUND" is displayed: 

a. Enter the number of the array e lement which is the upper bound 

f o r the sort. 

b . Press CONTINUE 

13. "ENTER SUBSTRING 

USED AS KEY " will b e printed. 

When IILOW BOUND?" is displaye d: 

a . Enter the number of the character in the string which is the 

lower bound for the sort key. 

b. Press CONTINUE 

14. 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. vlhen "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 

16. The sorted string array will be printed. 
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EXAMPLE: 

ENTER 1 
FOR QSORT 

ENTER 2 
FOR SSORT 
1 

NO OF STRINGS 
10 

LENGTH OF STRING 
16 

A$[1]0 
SNURD MORTIMER 

A$[2]0 
DON BOB BILLY JO 

A$[3J? 
BERASOL ARCHIBAL 

A$[4]0 
TILLA RHODA 

A$[5]0 
BREATH BUFFALO 

A$[6]0 
FRED SOBER 

A$[7J 0 
DANIELS JACK 

A$[8]0 
DOME CHROME 

A$[9]0 
PAUL TALL 

A$[10]0 
COYOTE WIL EY 

CHANGES0 

236 

ENTER SUBSET OF 
ARRA Y TO BE 
SORTED 

LOW BOUND0 
1 
UPPER BOUN00 
10 

ENTER SUBSTRIN G 
USED AS KEY 

LOW BOUND0 
1 
UPPER BOUND0 
8 

DECREASING ORDER 

1 

--SORTED ARRAY--

TILLA 
SNURO 
PAUL 
FRED 
DON BOB 
DOME 
DANIELS 
COYOTE 
BREATH 
BERASOL 

RHODA 
MORTIMER 
TALL 
SOB ER 
BILLY JO 
CHROME 
JACK 
WILEY 
BUFFALO 
ARCHIBAL 
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"QSORT" SUBROUTINE 

This subroutine sorts a string array A$ into ascending (or descending) 

order such that A$[K) «or»A$[K + 1 ) for K = b, b + 1, . . . t - l,t where 

the user can specify the sorting bounds band t. The sort can use the 

whole string or any substring as a key to allow maximum flexibility. 

The method imp l emented is similar to QUI CKERSORT by R. S. Seowen 

(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 

r e cursive l y 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 l 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 l isted under <DESTROYED>. 

An example of a typical program which uses thi s subroutine may be 

found in file 32 on page 242. 
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PARAMETERS AND VARIABLES USED: 

<INPUT> 

N 

L 

A$[N,L] 

B 

T 

Y 

Z 

flg 3 

<OUTPUT> 

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, Z, B, T, fIg 13 unchanged 

A$[N,L] 

<DESTROYED> 

I 

J 

L 

M 

L[ 

U[ 

T$ 

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 e l ements 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$[K]«or»A$[K + 1] for k = b, b + 1, ... , t - 1, t 

where the user can specify the sorting bounds band t . The sort can use 

the whole string or any substring as a key to allow max imum flexibility. 

The method implemented is a she llsort (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 inte rval 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 s ubroutine 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 e l eme nts in t he string array 
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L length of the strings (longest string) in array 

A$[N,Lj string array 

B number of array element where sort should start 

T number of array element where sort should stop 

Y number of first character of substring used as key 

Z number of last character of substring used as key 

flg 13 set if you want increasing order 

clear - if you want decreasing order 

<OUTPUT> 

N, L, B, T, Y, Z unchanged 

A$[N,Lj 

<DESTROYED> 

I 

J 

K 

M 

T$ 

sorted array 

secondary loop counter which modifies array such that 

intervals of M are in order. 

loop counter incremented by one to T - 1 

upper bound for sort comparison loop counter (I) 

diminishing increment 

temporary storage for exchanging strings 
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INSTRUCTIONS: 

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

sary parameters (N, L, A$ [N,L), B, T, Y, Z, fIg 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 ldf 34, N, M (for "SSORT") where: 

N = line number where the first line of the subroutine s hould be 

loaded into memory. 

H = line number whe r e execution is to begin after s ubroutine is 

loade d. 

b. Press EXECUTE 
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ANNOTATED LISTING: 

STRING ARRAY SORT 

~): cf-~ l:3;prt 
"ENTEP 1", "FOR 
C!30RT " ; ~-pc 

1: f.' rt "OlTEF.: 
2" ; E-np "FOR 
SSOPT",j 

2: ::·pc ; i f .J= 2 ; 
1df :34,25,4 

:3: ldf :3::::,25~4 
4: Enp "t-W OF 

STR] t-1GS", t1; ~- r.'c 
; if fl -31:3; cf -3 
1 ::::; -:;It I) +~3 

5: etw .. LEt-H;TH 
OF S T P ] t1 G -, , L ; 
,~- pc ;if fl-31:3; 
cf '==' 13; '::I t (1 +~3 

l-:.!;::.pc 2 
7: c.f ':;,:I 1 :3; €"np 

A$[I);gU, +~3; 

if not. f 1-31:,:; 
::.pc. ;.J I')P ( I + 
l"]»H 

:::: E-np "CHA t-1GE:3') 
" ~ I;spc. ;if 
fl -31:3;cfg 1:,: ; 
':;,:It t) +:3 

'3: E-(tP "STF~ING 

NUt'18EF.:':"", ]; i f 
fl -31:3;cfg 1:3; 
';It.O +ti 

10: cf-~ l:;:;E-nr.' 
A$[ ] ] ;-3t.O +0; 
if not. f1913; 
::·p c. ; '3to -2 

11: ~-pc ; Pri 
"EtH E ~: ::;U8:::E T 
OF", "ARF.:AY TO 
BE", " SOF.:TED " ; 
spc. 2 

12: E-r; p " LOfj 
BOUt-1[I ':'-" , 8 ; if 
f1 ,==,13;cf":;1 1.:3; 
'::,:It I) +0 

i3: ent:' " UPPE R 
BOUtW':"" , T; it 
fl '31:3;c f';I 1:;; ; 
':;,:It Q +(1 

14: ~- pc ;prt. 
"EtHER :3UBE;TF:] t-l 
G","USEDAS 

1<: E'/"; SPC 

Enter 1 to use the QSORT subroutine 

Enter 2 to use the SSORT subroutine 

Load the appropriate file 

Enter the number of strings 

Enter the lo~gest string that will be in 
the array 

Enter the strings into the string array 

Make any necessary changes 

Enter the lower bound for the sort 

Enter the upper bound for the sort 
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ANNOTATED LISTING: 

15: €np "L O~·j 
80Ut1D'~''', 'l; if 
fl'313;cf'31:;:; 
·~t (I +[1 

16: " n p "UPPEF~ 
BOUt·We,,,, Z ; if 
fl ·;13;cf'31 :;:; 
"3t (I +~3 

17: Cf9 l ::::;;:.pc 
2j,,·np "DECREASI 
HG OR DER'~' '', I 

1:::: if ..J-2;·3tO + 

19: '3::.b "G!::;OF.~T" 
2[1: ';t (I + ';. 

21: ·;~.b "S:30F.:T " 
22: l"'I;::.pc 2 ; 
Pri· "-·-SORTED 
ARRt'f'r'-- " ; ~· pc 

23: Pt"1. AUI]; 
.j'~P (I+1 .. r:I>H 

24: SPC 4;E'nd 

Enter the lowest characte r number that is 
used as sort key 

Enter the highest character number that i s 
used as sort key 

Enter 1 if you want to sort in decreasing 
order 

Branch to appropriate subroutine 

Print sorted array 
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ANNOTATED LISTING: 

[:1: "1)~:;OR T"~ c~-+I; 

l-j· .j; d i fl'l T$ [LJ , 
\.'$ [Ll 

1 : i f 1> t4 ; d i '" 
U [J] , L [.j J ; -3 t ':0 + 
2 

;?: ;2 I .~ I ; . ...1 +.i -;...J ; 

4 : If 1.> :::: .j;'=Jto + 
1.5 

5: I ,,*L;int(:5(I+ 
J)) -+t'H A~t [t'iJ -:.1'$ 

f~,: if A ~t [I~'l , 
Z] <= T$ ['l, Z]; 

?: A$[IJ-;;.jllL>1J; 
T:HA$ [I] ; A$ [i'l]" 
H 

:3: .j-tP;i-f f1$[.J~ 

\.', ZJ >=T$ ['/~ Z]; 
gto +5 

9: A~~ [.J] -ti-i $ [['1J ; 
Tl'>P$ [.I] ; t,$ Uil" 
Tet 

Hi: if R$[I,/ , 
ZJ <""i"l ~ 'l, Z] 
'::It (I +J 

1.1 : A$ [11 "'A$ [t'U; 
T $ '~' Fi$ [I) ~ At [t'i]-;" 
1"$;-3tO +;2 

12~ A$ [ Ll '~H$ [PJ; 
"/$"F,$ [ LJ 
13:~: i";" r:'~l f 

A:.f [r::5 "I',:] >T$ ['y'~ 
-.' -; 
::: .J 

_l'"f : 

1=1$ [L, ''(', Z:j <T $ [\' ~ 
ZJ;sto +e 

l t~, ~ :i. f L. <=~:; ':;:It I) 

-""4 
11: if R I< .J L~ 

I -t L [SJ ; P~U [~3J ; 

4 
13: L.. -:rL [3]; J"*U lS 

] ; P'.J ; S -I 1 -t :; ; 
'=3t::1 +3 

1 ,-- • 
_h ::' • 

~:;=C1; '31:.0 +i~: 
20: L[:,;J-t), U[::::J-t 

.J 

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 

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 lowe r bound 

Switch if new median smaller than lower bound 

Complete upper and lower segment sW1tcn 

Is this upper segment element larger than 
median? 
Begin switch 

Find element in lower segment to switch with 

Put smaller of upper and lower segments :on 
the stack to be sorted later 

Pop segment from stack to be sorted 
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ANNOTATED LISTING: 

21: if J-1>ll; 
·.3t.C' -16 

23: '3tO +2 
24: 1+1-<1 
25: if I-.J;·3to 

26: AH I+IHT$; 
if A$[I,'i,Z]<=T 
$['y',Z);"to -2 

27: HL 
28: A$ [LJ "A$ [L+ 
1] ; L-1-<L 

2 '3: if T$ [ 'y' ,Z} <A 
$ [L, 'y' , Z]; ·3t. ,:, -1 

30: THA$ [L+1J; 
"t.O -6 

:32: B"*I;T,*.J 
33: if I >= . ..I; r~· t 
34: AHIHT$; 

AH JH AHI] ; 
THA$ [J] ; I +1-< I; 
J-l"J;3t.o -1 

If more than 11 elements in segment repeat 
sorting process on that segment 

SINKING SORT 
If 11 e l ements or less are in the segment 
use a sinking sort method 

If sort is finished pop another segment off 
the s tack 

Compare .(I+ll st and Ith element in segment 

Shift element up 

Complete switch 

If fIg 13 is set, switch the order of 
all elements in the sorted array 
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ANNOTATED LISTING: 

0 : "::;::; OF.:T ": ~'Ht1 i 
di,,', T$[Ll 

1: if (It"lt. ( f,1./ 
2) ";.toLl = (1 i ',1. Co +8 

3: .J-tI 
4: 1t A$U " "" , 

Z] <=A$ [IH1, \', 
ZJ;·::; t o+3 

5 : H$[JJ-H$;HltI 
+t1] .;. A$ [IJ ; TPA$ 
[IH1J i I - tH I 

2 
7: i f ( .J+,b.J D Ki 

'::It.o - 6 
S: 9to -5 
9 : if fj ·31:3it"E't. 
1(1: 8.;.IiT .;.j 
1 1 : if 1>=.J ; t""'1. 
1 2: AHIHT$ i 

A$ [.J] .;.A$ [I] i 
TPA$ [ .J ] i I +,b Ii 
.J-l -;.. .J ;·::;t.o -1 

SHELL SORT 

T$ .. used as temporary storage for switch 

Halve comparison interval; if zero branch 
to finish 
Set bounds for sorting 

Compare elements A$[I] and A$[I+M] 

Switch elements 

Check previous interval if possible 

Check if end of interval for this pass 

If flag 13 is set reverse the order of 
the complete sorted array 
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• Array Sort On Row Or 
Column Index 

FILE 35 DRIVER 

FILE 36 SUBROUTINE "ISORT" 

• 

• 
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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 

2. 

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 
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. I "A High Speed Sorting Procedure II , Communications of 

the ~ ~ (July 1959} , pp. 30 - 32. 
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INSTRUCTIONS: 

1. Insert UTILITY ROUTINES cartridge with machine turned on . 

2 . Lead the file. 

a. Type Idf 35 

b. Press EXECUTE 

3. Press RUN 

4. When "DECREASING SORT?" i s displayed: 

Either 

a. Press CONTINUE if you want to sort into increasing order. 

b. Go to step 9. 

or 

a. Type gto ilL" if you want to sort into decreasing order. 

b. Press EXECUTE 

5. Press STEP 

6. Fe tch the line. 

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

by that number. 

b. Press EXEcurE 

7. '''L'': if A[rW, rX] < = A[rY, rZ]; gto + 4' will be displayed: 

a. Move the cursor t o the 11 < 11 character. 

h. Enter U> " (the ">,, symbol should replace the n< " symbo l in the 

display) . 

c. Press STORE 

8. Continue execution 

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

character rathe r than pressing the CONTINUE key). 

9. "MATRIX A" will be printed. 

When "NO. OF ROWS?" is displayed: 

a. Enter the number of rows in the matrix. 

b. Press CONTINUE 

10. When "NO. OF COLS?" is displayed: 

a. Enter the number of columns in the matrix. 
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11. 

b. Press CONTINUE 

When "A[I,J]II is displayed, III" 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 J
th 

column. 

b. Press CONTINUE 

c. Repeat step 11 until all matrix elements have been entered. 

12. When IICHANGES?II is displayed: 

Either 

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

entered data. 

b. Go to step 16. 

or 

a. Enter 1 if you need to make changes. 

b. Press CONTINUE 

13. When "ROW?" is displayed: 

a. Enter the row number of the element to be changed. 

b. Press CONTINUE 

14. When "COLUMN?" is displayed: 

a. Enter the column number of the element to be Changed. 

b. Press CONTINUE 

15. When "A[I,Jj" is displayed: 

a. Enter the correct element for the Ith row and J
th 

column. 

b. Press CONTINUE 

c. Go to step 12. 

16. 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 

17. I-Ihen "SORT BY ROI~?" 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 

251 



18. The sorted matrix will be printed. 
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DATA EXAI-IPLE 

STUDENT NUMBER AGE YEAR HEIGHT (INCHES ) GRADE 

034206864 1 9 3 61 90 

1276351 24 20 4 58 95 

329876410 1 8 3 54 83 

921764444 20 4 63 72 

642971302 19 2 60 65 

544987713 18 2 57 81 

2241 00618 21 4 60 91 

421110677 21 4 59 60 

597799011 19 3 66 75 

12349821 0 18 2 60 89 

The da t a can b e ent e r ed i n t o an a rray A[10, 5] a nd sorted b y a ny 

col umn desired . 

•• 
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R [ ::: . 4J ";' 
EXAMPLE: 54 R [7, lJ ,) • 224HHJ618 

R [:3~ 5J ,) 

t'1 R T R 1:>: R ::: :;: R [ 7 , 2J .) 

21 
HO . OF RO~lS';o 

10 R [4, 1] ? R [7 ~ :3J '? 
HO . OF COLS';' 921764444 4 .,. 
'-' 

R [4, 2] ? R [7 ~ 4] '7-' 

R [1, 1 ] .) 2(1 60 
(1342(16:::64 

A [4, 3J ? R [? , 5J i) 

R [1, 2] ';0 4 91 
19 

R [4, 4J ,,) 

R [1, :3 ] '? 63 A [8, 1] '? 
.: . 4211H1677 . ~ 

R [4, 5] i? 
R [1, 4] ,) 72 R [8, 2] .::' 

61 21 

A [1, 5J oj A [5, 1] s' R [8, :::: ] ? 
90 E,429713(12 4 

R [ :; , 2] '::' R [ ,~, 

0:' ~ 4] '::' 

A ['? 1] ,) 19 59 • '- , 
1276 ::::5124 

A [5, 3] '? A [f: , 5J ';0 

A [ 2, 2J ';0 ~, 

<. 60 
20 

R [5, 4] ,::, 

R p ~, :3 ] .) 
6~] A [9, 1] ? 

4 597799[111 
A [5, 5] ? 

R [ ' j .:... , 4] ? ." .,. t. ,_I A r ':. L ~. , 2] ? 
5::: 19 

A [2, 5] '? R [6, 1] ? R ['3, 3] ,) 

9 5 ~54498771:3 
.j 

'-' 

R [ 6, 2] " A [ '3 , 4] '::' 
A [:3, 1] ? 1 ,~ 

Co 6E. 
3298764 1 (1 

FI [6, :3J ? A [9, 5J ? 
R [3, 2] ? ~, 75 <. 
1 ,~ 

'-' 
R [6, 4] ? 

R [ .j .... , :3] '? "" 7 ._1 J R [10, 1] ? 
.-, 12 :349:32H1 .:.. 

R [6, 5] ? 
81 R [1~J , 2] ? • 1 ,-, 

,~ 
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EXAMPLE: 

A [ 10,:3J') 
2 

A[10,4J? 
60 

A[ H), 5 J? 
89 

CHAt~GES? 

ROW OR COL INDEX 
5 

SOF~T ED t'lATR I>( 
PRltHED BY' 
COLUrlt~::; 

4211H1677 
E.429713~~12 
'321764444 
5 '37799~:::111 
5449877 13 
:329:37 641~3 

123498221t1 
:3420E,:::64 

224H30618 
12 76 ::::51c~4 

21 
19 
2~3 

1 '3 
18 
18 
1 ':' '-' 
1 '3 
21 
20 

4 
2 
4 
.~ 

'-' 
2 .-, .:.. 
2 

4 
4 

59 
E,0 
E. :3 
66 
57-
54 
60 
61 
60 

Eo (1 

to 5 
72 
~" .. "_I 

81 
,-, .-, 
0';:" 

:39 
'3 [1 

'31 
95 
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Student Number 
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Class 

Height in Inches 

Sorted Grades 



"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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M number of columns 

A[N,M) matrix to be sorted 

rD number of column or row t o be used as index 

flg 13 set - if sorting a column index 

clear - if sorting a row index 

<OUTPUT> 

N, M, rD, flg 13 unchanged 

A [N ,M) 

<DESTROYED> 

I 

J 

K 

Q 

R 

S 

T 

W 

x 

Y 

matrix sorted on index rO 

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 column) minus the interval 

size. Used as a terminator for comparison loop. 

N if sorted by columns (number of rows) 

M if sorted by row (number of columns) 

M if sorted by row (number of columns) 

N if sorted by columns (number of rows) 

size of interval of comparison 

temporary storage for exchanging elements 

D if sorted by rows 

1 if sorted by columns 

D if sorted by columns 

2 if sorted by rows 

D if sorted by rows 

2 if sorted by columns 
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z 

p [ 1 

Q [ 1 

rl 

r2 

r3 

r4 

o 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,Mj, fIg 13, rO) to be passed to the sub­

routine. 

2. Insert UTILITY ROUTINES cartridge. 

3. Load the file. 

a. Type Idf 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 

1: ds-p "DECF:EAS I 
HG S(lF~T"";5tp 

2: c.f ·~ 13; d:=.p 
" t'lATF.: I i': A"; S PC 

~:; P rt- " t'l ATR I :" : 
A";spc ;I))o. it. 
5~30 

:3: .-np "t-W. OF 
RO~~S'~''' , t-j; if 
fl-~l:3; c.f~ 1:;:; 
'31,0 +0 

4: c.t~ ";\ 1 ::::; E' np 

"HO. OF COLS')", 
r'B if f l'3U; cf'3 
13; -31.0 +0 

5: SP(. ;(1..;.1;1-.;..J; 
d U -, A [t-j, pi] 

6: if ( I+HI P ti; 
'3 t. o + :3 

7: c.t' '3 1:3; t?nf.' 
A[J,.J]; -3to +0; 
if ne,t fl-31:3; 
s-pc. ; j i')P (.J+ 
H -j»t'l 

8: l-:. .J; :=·F-'C ; '3t.o 
-2 

:;: SPC ; E-np " I_: RA 
NGES?" ~::<;:.=:.pc ; 
if fl -31:3; '31, 0 +4 

10: €-n p "F:OLY''', 
I; if f 1-3U; c.f3 
13;'3 \. 0 +0 

11 : en p "C OLU t'lH? 
",.J;if f l'31:3; 
c.f '3 13 ; '::It (I +(1 

12: c. f '3 13; eflP 
A [J oJ] ; '3to +0; 
if no\. fl'31:3; 

1:3 : enp "F:OL-j OF~ 

COL I t-iDD: ", rO; 
if fl -313; c.f -3 
1 :3; -'Jt-0 +(1 

14: c.f -3 13; spc. 
. -n r.' "SORT 8')' 
RO~-l? ", I; ::-pc 

1t.: S. PC ,=::;prt. Ii 

SORTED plATRD:" , 
PRHHED 

8 ')''' , " COLUplH 
S";SPC 2 

Load the subroutine 
If decreasing sort, change line in subroutine 

ENTER MATRIX 

Enter number of rows 

Enter number of columns 

Enter the matrix elements 

Make any necessary changes 

Enter the column or row number which is to 
be used as the index 

Enter 1 if the rows are to be sorted or 
press Continue if columns are to be sorted 
Branch to subrout~ne 

Print heading for sorted matrix 
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ANNOTATED LISTING: 

17: HIi€HJ 
18 : if (.J +1"J:i >M 

;s.pc 4;end 
19: fOrt. REId]; 

j,."p (I+1"I)>t-l 
20: spc. ;1~1; 

'=Jto -2 

Print sorted matrix 
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LISTING: 

SUBROUTINE ARRAY SORT 

0: "I::;O~: T": i f 
f 1 '31:3; 0-:.::<..:+ 2; 
t·~-tG!-:.~:; ; t'l.;.F.~; ';I t 0 + 
2 

i: ~:1 -t ~.J -t 'i ; t'1 -t G! -t ~:; ; 
t·HR 

2: d i ,,', F'[ ;)];l ->! 
:3: I"'PCIJ;.j('H:' 

(l+l-d):>G' 
4: if l.l nt,I.::;."" 

2)-:.S)==O;'::;I to +11 
5 : I) !:;.;. k;I-tJ 
6: --1 .:+(1 
7: rl+!:;-;.r2 ; if 

f 1-;13; l-t ~·~; 2.;\'; 
'::;It 0 + 2 

'~ : "L": if R[d! , 
r >::J <=A [r\", rZJ ; 
·;t (I +4 

10: F'[r l+ ::;] "T; 
F' [d] " F' [ ;-1+::;] ; 
T"F' [rlJ 

.11 : R [d) , r:,n "T; 
R [r'-r', rZ]"R [r~·!, 
ri·n ; HA [t-""', rZl 
r 1-::;" (1 

1 ·" . '-' . if (.J+1 .. ,J ):> K 
;·;to -'3 

14: '::;Ito -8 
1 5: ~J-trl-tr::::;dlf'·! 

I) [0] 
16: if fl ·,13; 

2-t ! ;1 -t .j ; '3t.o +2 
1 7 : l -tI;2-t.j 
1:::: If (d+l"rU 

:> F.:; r- E' t. 
1'1: if r1 -· ,..:1; 

':;It. 0 -1 
20: if It-2+ 1" ( 2) 

'> I~! ~ f1'-t r? ~ q T. ,-, -? 
2 1 : if F' [.-2J=,2; 

'=;It I- I - i 
22: i f P[ r 2]<r2; 

G! [P [r2 J J -tA [rI, 
r.JJ; ~t.o --2 

2:;: : R [d, t- J ]" I) [r 
2]; i f f)'lB; 
F' [t-IJ 7rJ; r-.j7t- 4; 
,~ t I) +2 

Sort by columns - rX' and rZ become rO which 
is the column index 

Sort by row - r~l and rY beco:ne rO which is 
the row index 
prJ i s the permutatlon vector lnltlal1zed such 
that P [Il=I 

S 15 lntervaI 51ze. It Slze 15 z e ro, branch 

• 
to permute section t o sort the r est of the matrix 
K 15 upper bOund o f comparl S0n lnte rvals 

rl and r2 index the row or column elements 
t o be compared 

Compar e two e lements 

Update permutation vector 

Switch e l ements 

Decrement interval index 
I f possible compare 9Wltched element wlth 
previous one 

Continue unti l interval size i s 1 

PERMUTE REMAINING ELEMENTS 
Q[ l used for temporary s torage in switch 

Row or column index (row if sorting by rows) 

If row (or column) - 1ndex , don't permute 

Row or column index (column if sorting by rows) 

If permuted value same as orginal don't permute 

If permuted value less than ~ndex copy tern 
porary storage into array in correct place 

Copy array element into temporary storage 
for l ater use 
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ANNOTATED LISTING: 

24: P[rJHr4 ; 
rI-tr :;: 

25: A[r3,r4]-tA[r 
I, rJ]; '3t.o -5 

Copy permuted value into correct position 
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• Output Buffer For Plotter 

FILE 37 DRIVER 

FILE 38 SUBROUTINES "BUFFER", IISAVE" 

FILE 39 DATA FOR DRIVER IN FILE 37 

• 

• 
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Cl 
a:: 
« 
~ 
u 
« a.. 
~ 
~ 

.~ 
W 
:I: 

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 ~ end until the plotter has emptied the buffer ; The program 
t::l 

Cl 
a:: 
« 
~ 

u 
« a.. 
~ 
1-­
W 
...J 

~ 
w 
:I: 

fiJ 
t::l 

Cl 
a:: 
« 
~ 

u 
« a.. 
~ 

' .~ ~ 
w 
:I: 

fiJ 
t::l 

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 CONSroERATIONS 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 limitat.ions hold: 

If K is the number of triplets (xi' Yi' Pi)' i = 1,K and N is the 

size of the buffer then: 
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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. 

2. The Plotter, General I /O and Extended I/O ROMs must b e in the 

machine and all necessary initialization of the plotter itself 

should be completed before the program is run (e .g . , l ower left, 

upper right, axes, scale, etc.). 

3. "BUFFER FULL" indicates that the program has filled the output 

buffe r and the plotter is busy. If this message appears often, the 

buffer size should be increased. 

4. "WAITING FOR PLOTTER" indicates that the program has put all the 

data into the buffer and is waiting for the plotter to empty the . 

buffe r. 
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INSTRUCTIONS: 

1. Perform all necessary plotter control operations (see Plotter Control 

Manual) . 

2. Insert UTILITY ROUTINES cartridge with machine on. 

3. Load the file. 

a. Type Idf 37 

b. Pre ss EXECUTE 

4 . Press RUN 

5. When "NO. OF POINTS?" is displayed: 

a. Enter the number of data triplets (x, Y, P) to be plotted. 

6. 

b. Press CONTINUE 

When nX[r]" is displayed, "I" will 

a. Enter the X coordinate of the 

b. Press CONTINUE 

correspond to the 

Ith data point. 

7. When "Y[I]" is displayed: 

a. 

b . 

Enter the Y coordinate of the Ith data point. 

Press CONTINUE 

8. When" P [I]" is displayed: 

a. Enter the pen control for the Ith data point. 

b. Press CONTINUE 

Ith data point. 

c. If more data points are to be entered, go to step 6. 

9.. When IICHANGES?" 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 

10. ~1hen "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 fly [I] II is displayed: 

a. Enter the correct Y coordinate~ 

b. Press CONTINUE 

When lip [I]lI 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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•... ' [24] ? ,", 
5 

• EXAMPLE: " [8] " >~ [16] ? ''(' [24] ? ,., 
4 6 4 
'l [8] ? "r' [16] ? P [24] ? 
10 0 0 

rW . OF PO I tHS" P [ 8 ] ? P [1 6] ? 
30 0 (1 X [25] ? 

<= <= 
'-' • ,.1 

:>:: [1] ,') '.' -, [9] ,) X [17] " 'i [ 2 S ] ? 
4 6 4 ~ <= 

~, · '-' 'i [1] ? "I' [9] ,) 'l [1 7] ? P [2S] ? 
0 10 ~3 0 
P [1] " P [9] ,:., P [ 1 7] '7J 

-2 0 -1 ;0:; [26] ,) 

t, 
>~ [2] '-..' 

,~ ,", [10 ] ,-,.. '.' ... ~ [1:3] ':.' 'i [2E. ] ? 
2 8 2 4 
'y' [2] ? 'l [1(1 ] " \' [1:3 ] '-..' P [ 26] ,) 

1 '3 5 ~3 
P [2] ? P [10] ? P [1:3 ] ? 
(1 0 -2 '·i ,", [27] .-,., 

E, .5 
j.:: [3] ') '·l [l Ll ') ::.:: [19 ] ,') ' .. ' [27] s' , , I 

1 9 2 .5 .-, 
'-' 

<= 
• ..J 

Y D] ? 'i [11] ,) 'r' [19] ? P [27 J '-..' .-, 
c. 8 4 0 
P U] .) P [11] '-..' P [1'3] ? 
0 0 0 ' . .' 

( ', [2:3 ] '? 
6 <= · ~, 

::-:: [4] ') <.' 
,~ [1 ~:] ? >:: [20] ? 'y' [28J '7.' 

(1 1(1 :3 <= 4 <= 
• •• 1 · ~, y [4] ? \' [1 2] ? 'i [2 (1] '-..' P [ 28J ,) 

4 Eo 4 .5 ~:1 
P [4] ,) P [12 ] " P [20] ,) 

0 I) 0 ~ ... [29J ? ,', 
~ <= 

" · '.' 'x' [S] " './ [D] s' ~\ [21] '? '.,J [ 29] '7.' , , ,', , 
0 10 ::: <= · '.' 4 
'y' [5] ? 'l [ 1 3] .-..' \' [21] ,::, P [29] '-..' 
Eo 4 :;: <= (1 · '.' P [5] ? P [13 ] ? P [ 21 ] ,) 

(1 0 (1 ::-:: DO] '7.' 

':' '-' 
::<: [6] " <.' [14] " :~~ [ .:, .: ' 1 .) 'i D0 ] ,') 

,'~' .;....;... ... 
1 '3 4 <= 

'-' \' [6] ? 'l [14] ,::, 
'l [ .:, .-" 

.:..'::'.,1 '? P [3(1] '-..' 
:3 2 4 - 1 
P [6] ') P [14 ] ? P [22J ') 
(1 (1 0 CHANGE:; ') 

>:: [ 7] ,') >:: [15] ? ::.:: [2:;:J ? 
2 c' '-' 4 <= · ~, ::;ELECT CODE FOP 

• 'l [7] ? '/ [ 15] ,) 'i [ 2:3 ] ,::, F'LOTTEF: 
'3 1 :;: <= .,-

• ~J ._' 
P [ 7 ] ? P [1S] ,) F' [ .• , .• , 1 ,) E:UFFE~: :; IZ E ,;. '::' .':'.1 

0 (1 0 " ~, 
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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, initialize s the pointers 

to indicate that the buffer is empty and sets up a calIon the "PLOT" sub­

routine whenever the plotter is ready to plot a point. 

The "SAVEll subroutine will insert a data point into the buffer if the 

buffer is not full, or it will wait until the plotter remove·s 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> 

N 

rO 

<OUTPUT> 

F 

R 

<DESTROYED> 

B [N, 3] 

<INPUT> 

N 

F 

R 

B [N, 3] 

x 

Y 

P 

"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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rO select code for plotter 

<OUTPUT> 

B[F,I], B[F,2], B[F,3] contain X, Y, P respectively 

F 

<DESTROYED> 

incremented by I modulo Nand 

interrupt from plotter enabled. 

B[F,I], B[F,2], B[F,3] the original contents are replaced by X, Y, 

P .respectively 
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INSTRUCTIONS: 

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

sary parameters (N, X, Y, P) to be passed to the subroutines. 

2. Insert UTILITY ROUTINES cartridge . 

3. Load the - file. 

a . Type ldf 38, N, M where: 

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

be loaded. 

M line number where execution is to begin after subroutine is 

loaded. 

b. Press EXECUTE 
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ANNOTATED LISTING: 

1::1: de'=3;cf''SI 13 ; 
Idf :3:::,22,1 

I : en p " t·W. (; F 
POltlT:::';''', K; if 
fl31:;:; c.f·~ 1 :;: ; 
·3t. 0) +0 

2: d if'"1 :': [to::], \' [n 
~ P [KJ; l"*I; ::·p c 

:.::: E· np :,,;[f];if 
fl·,l:;:; cf~ 1 :,:; 
'3to +~) 

4: E· nF-' \'[I]jif 
fl ·3i:;:;cf ·31:3; 
., t. 0) +[1 

5: enp P[I];i! 
f 191 ::::; efSt 1::::; 
'3 t O +~J 

6: if (I+1"U <=K 
; ::·pc ; ':,::It I) -:] 

7: SP C ;(.f"3 1::::; 
€ np "CHAHGE!3?", 
I;::;.f)C ;if f1'3 1 :3 
; '=:tt o +5 

:::: E·np "DAT A 
TF~ I FL U t·W?", I; 
~· pc j if fl·,1:::j 
Cf'3 l::::; ·;to +(1 

9 : E·np i([I];if 
n;;l:;:jcf;; 1:;:; 
SIt I) +(1 

1(1 : E· np 'l [I]; i f 
f } -:;.:I 13; efg 13; 
;;t. o H3 

11: cf, 1:;:; E·np 
F' [I]; ·3t. O +[1; if 
not. fl ·, l~:;::·pc 
·3~. 0 -4 

L ::: E·np "::iELEI_: I 
CODE FOF.: F'LOTTE 
F~",;-O;if fl·31:3; 
cf g 13;':gto +~J 

1:;:: ref :39,K,i;E* 
], 'l[J;] ,F'[ *J 

14 : Enp "8UF FEF: 
:::IZE':'-", t·l; if 
fl';li3;cf"91:3; 
·,to +(1 

15: %b "BUFFER" 
16 : I df 3 '3 ,k: , ;:< E* 

] ,'(' [·n , PEn ;1-"1 
17 : )<[IH:": j 'r'[IH 

'liF'[IHP 

BUFFERED OUTPUT TO PLOTTER 

Degree measure used for angles ; l o ad the 
subroutine 

Enter the number of data points to be 
plotted and dimension the X,Y and P arrays 

Enter the data triplets (X[I], Y[I], P[I]) 
where (X,Y) are the coordinates and P 
is the pen control 

Make any necessary .c9anges 

Enter the select code for the plotter 

Record the entered data on a file 

Enter the size of the output buffer 

Branch t o the buffer set up subroutine 

Load the data 
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ANNOTATED LISTING: 

1:3 : ·3 ~.b "SAVE " 
1 9 : i f (1+1·;.I){= 

K; '3t. CI -2 
2 .:1: i f F#F ; d5P 

" ~JA IT ItlG FOP 
PL OTT EF.:"; '3to +0 

2 1 : d:=.p ; PE'n; 
pit 3 . 9,-1,0; 
Ibl " \,IICIOU::; 
C I F.:CLE"; PE'n; End 

Put one data triplet into buffer 
Get next data triplet 

If F#R the buffer is not empty yet 
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ANNOTATED LISTING: 

SUBROUTINE - BUFFERED OUTPUT TO PLOTTER 

0: "BUFFEF.~":di,>·, 
B [0: H·-j, 3] j HF-t 
R;E·it- rO,O 

i: onl rO,"PLOT" 
; r E" t 

2: "SAVE":if (1+ 
F) f",odt'l=R j d~.p 
"BUFFEF.~ FULL" ; 
'lto +0 

:3: d:::.p ;~,::.,8[F, 

j] ; 'j'-tB [F , 2] ; 
F'-tB [Fdl j (1+ 
F) f",odt·HF 

4: E· i r rOj rE·t 
5: "PLOT":plt. 

B[R, 1] ,B[F.~,2], 
B [F.~, :3] ; (1 +F.~) f',c,d 
tH F.~ 

6: if F#Rjeir rO 

BUFFER SET UP 
F and R are the input and output pointers_ 
Disable interrupt from plotter initially. 
Set up interrupt branch to plot subroutine. 

FILL BUFFER 

Check if buffer is full. wait until a 
point is plotted. 
Put data triplet into buffer. No interrupt 
can occur until whole line is executed. 

Enable the plotter interrupt. 

Plot the next available point in the buffer 

Enable interrupt unless the buffer is empty. 
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,PROGRAM 
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INTRODUCTION 

This set of subroutines allows the 9825A desk top calculator to 

drive the 987lA printer. With this implementation, p lotting, tabbing , 

axis drawing, etc., are accomplished via subroutine calls such as ell 'pIt', 

c ll'tab', e ll 'xaxis', etc . 

The subroutines are divided into a fil e f or p l otting 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 e ither plotting 

or text printing are included in both files. The f i l es can be combined 

into one all-purpose file or can be edited by deleting routines which 

may not be used by your program. The l oading and editing procedures are 

e luc idated in the LOADING INSTRUCTIONS section. 
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PROGRAMMING HINTS 

1. 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 

2. 

which branches around the subroutines, you can 

if they were located at the beginning of memory. 

RUN your programs as 

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 (pI, p2, •.. ) are 

not modified. Because variables are passed by reference, a modifi­

cation of the formal parameter rnay . alter the value of· the actual para­

meter used in the calling program. 

3. 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, Y, U, V, H, W) are used to convert user units to 

plotter units and must r emain unchanged throughout your program. The 

subroutines which require these global variables can be determined by 

looking at the 'Variables Us ed' section of each subroutine explanation. 

4. Before using any of the subroutines, the user l s program must set 

rO to the select code of the 9871A. 

5. Because of the nature of incremental p l o tting 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 expla~ations 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 [ 1. 

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 pI = 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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b . 

by any statement in the program . 

<DESTROYED> 

The only variables 

values are Ch~ged . . 
listed here will be global variables whose 

by the subroutine. Any variable listed here 

should not be used in the main program . 

c. <OUTPUT> 

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/O ROM and the AP ROM, and are recorded on track 0 of the tape. 

A. 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 Idf 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. 

B. 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 ldf 40, N where: 

N = the line number determined in step a. 

c. Press EXECUTE 

3. Load text file (Fiie 41)" into memory, overlaying the duplicate 

subroutines as follows:· 

a. Determine the line number of the "space l1 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 ldf 4i, M where: 

M = the line number determined in step a. 

c. Press EXECUTE 

C. 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 rcf 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. 

d. 

Type gto + N 

Press STORE 

where N is 83 or 109 

3. Load File 40 or File 41. 

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 Idf 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: I f the loading instructions described in C are used, then the user 

program must not contain any statements referencing absolute line 

numbers. 

D. 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 

A 

del A, B where: 

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 
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ANNOTATED LISTING: 

1: 1.~ltb r;.J~27~65, 
in1- ((p1->() U ..... 
64),i nt((r-: i-
:":) U), int ((p2-
'r' ) \1/64), int. ((p2 
-"I') V) 

2: fe't 
3: "i(t)O~}E' '': 

4: I.'.lt b ~-(1, 27, :::2, 
int(p1U ..... 64), 
in1- (p1U), int (,,2 
1,,}/64) , int (p2\,1) 

5 : r-E't 
6: "p It": 
7: b.ltt. rO,27 ,6 5~ 

int. ((f)1-~';) u/ 
64), into ((,,1-
)0 U), itH ((r.,2-
'/)\,1/6 4), int ((p2 
_'"(')\,1) 

:3: if f-.:3=0; 46-tr-<3 
.,: if p3=4t,; 1 .• .1t. b 

r(1, 27, :::2, 0, 0, ~), 

E. 
Hl : (<it b n3, r.':3 ; 

i))tb ~·(1,::: 

11: if p:3=46; 

O,63,-6 
12: ·r e t 
13 : "f"lt": 
14: 1.,Jt. b r~1, 27, 

'37 ; int ((pl-~<) U/ 
64), int ((;.,1-

>nUI,int( (p2-
'() 1//64) , int ((,,2 
- y ) '",' ) 

15: if p:3=l1;46"*p 
:3 

16: if ..,3=46; 
1.,Jtb tOO, 27, 82, ~j, 
~j,0,6 

17: l,.ltb r"0,p3 ; 
l.oJt b rt1, 8 

18: if p:;i=46; 
11.ltb r0, 27, B2~ 0, 
t1,6:;: , -t, 

19: rpt 

FILE 40 (Plot Routines) 

move 

pl is horizontal coordinate in user units 
p2 is vertical coordinate in user units 

Convert from user units to plotter units 
with scaling factor and move to coordinates 

imove 
pl is horizontal distance in user units 
p2 is vertical distance in user units 

Convert from user units to plotter units and 
move distance specified 

plt . 

pl is horizontal coordinate in user units 
p2 is vertical coordinate in user units 

Convert from user units to plotter units and 
move to coordinates 

• 

Default value for character is decimal point = 46 

If decimal point, shift to center the character 

Print specified character 

If decimal point, shift back 

fplt 

pI is horizontal coordinate in user units 
p2 is vertical coordinate in user units 

Convert from user units to plotter units 

• 

and move to coordinates printing fill character 
Default value for character is decimal point = 46 

If decimal point, shift to center the character 

Print the speCified character 

If decimal point, shift back 

• 
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ANNOTATED LISTING: 

20: "iplt": 
21: 1,.Itb n],27 , 

:32, i nt. (p1U/64) , 
int (p1U), int (p 2 
'10'/64) , i nt. (p2'.i) 

22: if p:3=0; 46~p 
3 

23: if p3=46; 
~,.Itb r~), 27 ,82,0, 

0d,1 , Eo 
24: (,Itb r(l, p:;:; 

(·.It b rO,:3 
25: if p3=46; 

1,.,lt b r"t1, 27,82, ~j, 
0,E.~:,-6 

26: rt?t 
27: " fiplt " : 
28: 1,.Itb r(1,27, 

114, i nt. (,·HI/ 
64),int (p1 U), 
int. (p2'·,.' / 64), 
int(p2V) 

2 '3: if p:3=0; 4E,-tp 

30: if p3=46; 
I,)tb r(i~27,:::2,€1, 

~),(1,6 

31: V.l t b r(l, p:;:; 
I.vt.b r(1,8 

32: if 10 :3 =46; 
loJt. b r(1,27,82,(1, 
(1,E,3,-6 

3 :3: re- t. 
34: "chrJ.r": 
:35: if p2=0; 5~p2 

; t1-+p:3 
36: l~ltb r0 , 27, 

46, p 1, int (p2/ 
64), ... 2, Pc: 

:3 7 : ret 
:38 : "psiz": 
:3'3: p1"H ; p2 .. ~·j 
40: ( . .Itb rO,27, 

79, int. (,·4*120/ 
64) , ,. 4 * 12 (1, i n t.( 
p:3*'36/64) ~ p:3*96 

41: rE·t 
42: " :; . .:. 1": 
43: 12(H~ / ( ,,2-

p1)"U 
44 : 96H / (p4-p:3)" 

V 
45: p1"X; p:;:" Y 
46: rE·t. 

iplt 

pI is hoizontal distance moved in user units 
p2 is vertical distance moved in user units 
Convert units and move the specified distance 
Default value for character i s decimal point = 46 

If decimal point, shift ~o center the character 

Print the specified character 

If decimal point, shift back 

fplt 

pI is horizontal distance move d in user units 
p2 is vertical distance moved in user units 
Convert from user to p lotte r units and move 
the specified distance 
Default value for character is decimal point = 46 

If decimal point, shift to center the character 

Print the specified c haracte r 

If decimal point, shift back 

char 
Default values for spacing and vertical offset 
are 5 and 0 respec tively 

Specify the fill character 

psiz 
Height (H) and width (W) are saved for later 
use 
Convert from user units to plotter units 
and specify the plot size 
p3 and p4 are lower left margin offsets 

scl 
U is the horizontal scale factor 

V is the vertical scale factor · 

Save the minimum X and Y values for later 
use with plotting commands 
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ANNOTATED LISTING: 

47: "xo.>:: is.": 
48: l.lJt. b r(i, 27, 

4 E. , 95~ ~~1~ 5, '3 
4'3: if p3=0 ," n d 

p4=O; >:~ -:'-F-' 3; ::<+ 
12[1~~ ./ U'; p4 

5 ~:1: if p2=tii p4 -

51: I,In.b ( 0,27, 
65, i nt ( (P:::-;:-::) U/ 
64),int((p3 -
i;) U) , in t(( pl-
'-() \1 .···· 64), int (( pl 
-V) V ) 

52: p :;: -tp5; t'.I t b 
rt1, 4~: ; ")\. b rO, t: 

5:3: l.Jtb r(1,27, 
114 , into (p2U .·· .. 
64), p2,J, 0, 0; 
!,.I t b r (1, 43; I).lt b 
r id,:3; .j I') F-' ( p 5+ 
p2-:'p5» =p4 

54 : t- ~· t. 

55 : "Y o.>::i ::.": 
56: 1.~lt b r(i, 2 7, 

46, 124, [1,:3, ~J 
57: if p3=[1 o.n d 
p4= ~J; '/-:'p:3; 'r'+ 
9 E,H .. ·' ... 'O';p4 

5 :3: if p2=O;F=":f -

59 : 1".Itb r0,27~ 
6 5, int ( (pl- ::;) U/ 
64), in\. ((pl -
;0 U), itH ((p:,:-
y) V / 64 ) ~ i n t ( (p 3 
- 'r' ) \,1 ) 

6(1: p3-tp5; !, • .I t b 
r-~) ~ 4 :3; 1, • .It b t-(1 ~ ::: 

E,l: !,.,1 t b r fi ~ 27, 
114, .), (1, itH (p2V 
/6 4 :1, p2 t,l ; I"Jt b 
tO O, 4J; !"Jt b r O,:3 ; 
.J i'I'l P (r-,5+p2-tp5 ):> 
=p4 

62 : f E't 

xaxis 
"_" becomes the fill character 

Default values for bounds are minimuni and 
maximum values on xaxis 

Default value for tic interval is (max - min) 

Move to minimum value on xaxis 

p5 is tic interval counter 
Print a "+" and backspace 

Fill plot to the next tic 

Print a "+" and backspace 
Increment tic bounter and test for end of 
xaxis 

yaxis 

11 111 b ecomes the fill character 
Default values for bounds are the minimum 
and maximum values on the yaxis 

Default value for tic interval is (max - min) 

Move to minimum value on yaxis 

p5 is tic interval counter 
Print a "+" and backspace 

Fill plot to the next tic 

Print a , "+" and backspace 
Increment tic counter and test for end of 
yaxis 
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ANNOTATED LISTING: 

63: "S. P(I, CE:''': 

+2 
65: 1, . .11,. b r(1 ~ :~: 2; 

.i"Ho 2 ( (p1 - 1';'r-,1) 
=(1) 

66: vl t b r(1~::; ; 
.j "·IP (p 1+1';'p1)=0 

67: (E'~' 
68: "::.kip": 
6'3: if pl<O;';lto 

+2 
70: i.<ltb ~·(1,1(;; 

.j ,'l r-' 2 ( (p,1 -1';'p1) 
=(1) 

71: 1,.,ltb rt1,27,· 
1 (1 ; j Iii P ( p 1 +.1..;. p 1 
)=(1 

-,~. 

f .,). 

74: 
"cos.pc" : 
if p2=0i6-:'p2 

75: 1,.Jtb r0, 27~ 
:::6, i n t (96/p2."" 
E,4) ~ '3t,/ p2 

7 Eo : if r-' 1 < (1j 1.,,It. b 
r0, 2?, 8~~1; r~·t 

77: 1,.,1t b t~(1 ~ 27 , 
72, i fit (12~)."",.,1 / 
64 ) ,12(1 ..... ,.,1 

78: rE"t·. 
79: " t' Ot",r'j": 
:30: 1 •• Jtb r(1,27~77 
f:1: 1.\11,. b r(1, 27, :~34 
:::2: if r.ol=0;1:::.2 

.,pl ;11., p2-tp:;: 
8:3: 1 . .Jt. b rO,27, 

87 , in \. (1 2~3*p1 / 
64 ) ,12 (1*,.,1 

:::4 : IJJtb rO~ 2 7, 
76, i nt (',6*FJ2 / 
64) ,96*p2 

:::5: 1"J tb r~),27, 
7(1, int (96*p:3/ 
64),96*p :::: 

t:t,: rE' t 

space 
If negative branch to backspace 

Print a blank 
Decrement number of spaces and test for 
stopping condition 
Backspace 
Incre ment number of spaces and test for 
stopping conditions 

skip 
If negative branch to reverse line feed 

Line feed 
Decrement number of line feeds and test for 
stopping conditi ons 
Reverse line feed 
Increment number of reverse line f eeds and 
test for stopping conditions 

cspc 
Default value for lines per inch is 6 

Convert to p lotter units and specify lines per 
inch 
If horizontal spacing is negative, implement 
proportional spacing 

Convert to plotter units and specify number of 
characters printed per inch 

form 
Set left margin 
Set top of form 
Default values are text width = 13.2 and 
text length and form l ength = 11 
Convert to user units and specify text width 

Convert to user units and specify text length 

Convert to user units ana specify form length 
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ANNOTATED LISTING: 

:::7: "pt,yp": 

8:::: rclb('))e> 1 iif' 
1=1 ;re 1. 

:3 9: if 1 <124; 
-31. 0 +12 

90: if 1>2 2 4 
and 1 <251; 1-
160"1 i s 1.o +15 

'31: if 1>J.76 
o_n cl 1 <J.:32 i I-
144"1is1.o +14 

92: i f 1= 18 2 ; 
38"*I;9t~o +13 

93: if I=it:::::; 
64 .. r; -31.0 +12 

'34: if I =1:3 4; 
91"1;s to +11 

95: if 1=185; 
'3 :3 .. 1 i s1. 0 +10 

96: if 1=222; 
92"*I; "=Elt.o +9 

97: if 1=251 ; 
124 .. 1 ; -31. 0 +::: 

9:::: if 1=l'31i 
58"'I;9t.o +7 

99: if 1=176; 
:3'j"1;sto +6 

100: if 1=174 
or" I=172; I-112" 
Iisto +5 

HH: if 1>77 
lJ.nd .1 <:38; I -3~j"* I 
j -Ho +4 

102: if 1=88; 
46"I;s1.o +::: 

1<B: if 1=94; 
I,Jtb rO,1 4 

104: if 1=89; 
44-> I 

105: '_,Ji-b rOd; 
"::It.c. -17 

1(16: "I) i E- I ... I" : 

1~37: l,J t.b r-0 ,27, 
6:::, in i- (pl/ 64), 
pl 

10:::: foot 
*10::: :3 

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 bac k for next 

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 
FILE 40. 

46: "to.b": 
47: if r-02=0;-::It.Q 

+4 
48: if p2<Oi''l1-o 

+2 
49: 1,.,;1- b rO, 11i 

.jj'''IP 2 f (r.o2-1-+p2) 
=0) 

5~J: h.itb 
56;jl~'IP 

)=0 

r[i,27 , 
(p2+ 1-+p2 

51: 
C' .-, • 
,J'::' • 

if p1=OiHp1 
if p1<0;'~t.o 

+2 
5:3: I,',it b r[1, 9; 

.if'IP 2 ((p1 -1;' p l) 
=(1 ) 

54: ! .• .Ito r0,27, 
52;.jf"IP (pl+i-tpl 
)=0 

55: (E't 
56: "::;.ht (l.b": 
57 : (i-+!;I .. Jtb t"~3 , 

1:3 
if p(I+1;.I)= 

(1;r"E't 
~i9: ~'Jtb (O,27, 

:::2~ int t12~~1pI ./ 

64),120pI,0,0 
6[1: I,.jtb r0,27,49 
61: 

I,.J 1- b 
~: 

i .. .lt b r~J, 1::::; 
((1, 1[1; '::Ito -

tab 
If vertical tab omitted skip vertical tab 
section 
If negative vertical tab go to line 50 

Vertical tab down 
Decrement tab counter and check stopping 
conditions 
Vertical tab up 
Increment tab counter and check stopping 
conditions 
Default for horizontal tab is one 
If negative horizontal tab go to line 54 

Horizontal tab right 
Decrement tab counter and check stopping 
conditions 
Horizontal tab left 
Increment counter and check stopping 
conditions 

shtab 
I is counter for number of tabs set 
Execute carrier return 
Increment the parameter number and test for 
the last parameter 

Move to the position specified for the Ith 
parameter 
Set the horizontal tab 

Carrier return and branch back to get next 
parameter 
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ANNOTATED LISTING: 

62 : " cht o.b " : 
6:3: O"! ii f pl <O; 

1,.Jt b r-~) ~ 2 7, 5 1; 
r ". t. 

64: hlt b r(1, l J 
6:i : i f p ( I +l "*I) = 

C1; t~ €·t 

66: utb t"O ,2 7 , 
:::2 , i nt (12 0F-' 1 /' 
64 ),1 20pl , 0, 0 

6?: 1, • .It b r (1~27,50 
6 :::: i.t.lt b r 'j, 1 3 ; 

' .. n · t) t·~3, 1 ~); '3t (j 
.-, .;., 

69 : ::.i.)to.b " ; 
7(1 : ~~t -:.- I; l-t.J ; IJ.l tb 

i"0,12 
71 : if p (I+l" ! )= 

(1; t" E' t 
72: 1, • .I1. b r (1,10 ; 

.J r'·, p (.J+l",J »p] 
7 :::: : 1).It b r (1 ~ 27,5:3 
74: I.'J T .. b r0,27, 

1.:::i; j ['If) -:;: ( f ,J­
l ".J)=1 ) 

75 : " C I) t 1J. b II : 

76: t1..;. !; 1 .;·.j; tllt.b 
r0,12 

77: if pl <O; I;.I tb 
r~),27~55 ; ret 

7:3: if p(]+l"] ) = 
~3; t"~· t 

7'3: 1, • .1 1. b r~:i , 1(1 ; 
..i v; F-' ( .J+l .. ,J)F-' ] 

:30: I!J tb r ~3,27 , 54 
:::1: !}Jtb r~1,27 ~ 
1~3 ; .j I,'IF=' _.:::: ( ( .J-
1".J )=1) 

82: " sE,tl(·)": 
:::3 : i},lt b t-O, 1:3; 

I}Jt b r(1 ~27,:::2 , 
in\. C12(1pl ... ·· 64) 
in\. (120pl) ,(1,~] 

84: 1,.Jtb t-O,27 , 
77i I,H b 0],1 :3 

85: r~·t. 

*3E.5i 

chtab 
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 
the last parameter 

Move to the position specified by the Ith 
parameter 
Clear the horizontal tab 
Carrier return and branch back to get next tab 

svtab 
I is counter for number of taps set 
Form feed 
Increment the parameter number and test for 
the last parameter 
Line feed 

• 

Continue line f e eds until parameter size exceeded 
Set vertical tab 
Reverse line feed 
Continue reverse line feed until you get back 
to top of form 

cvtab 
I is counter for number of tabs cleared 
Form feed 
If first parameter. negative, clear all vertical 
tabs 
Increment parameter number and test for the 
last parameter 
Line feed 

• 
Continue line fee ds until pararnete~ size exceeded 
Cl ear horizontal parameter 
Reve rse line feed 
Continue reverse line feeds until you get back 
to top of form 

setlm 
Carrier return and incremental move 
to correct position 

Set left margin 
Carrier return 
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CALLING SYNTAX: 

character 

interval 

offset 

EXAMPLE: 

char 

cll '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) 

Nwnber 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 optional and will d efault to 5 and 0 respectively. 

VARIABLES USED: 

<INPUT> 

Local: 

pI 

p2 

Decimal code for character 

Interval size in 1 / 120" increments (default 5) 
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p3 

Global: 

rO 

Vertical offset in 1 /96" increments (default 

Select code for the 9871A 

SPECIAL CONSIDERATIONS: 

0) 

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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CALLING SYNTAX; 

htab. 
l. 

n 

EXAMPLE : 

chtab 

cll 'chtab' (htab
l

, htab
2

, ... , htab
n

) 

The distance in inches from the left margin to the position 

of the horizontal tab to be cleared (if htab
l 

< 0 all 

tabs are cleared) 

The number of tabs t o be c leared 

cll 'chtab' (2, 6, 8) 

Execution of this subroutine will clear horizontal tabs at all 

positions specified by the parameters htab. (l~i~n). The parameters indicate 
l. 

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: 

pI 

p2 

pn 

First horizontal tab to be cleared - distance in inches from 

left margin. If pI < 0 then all horizontal tabs are cleared 

Second horizontal tab to be cleared 

th 
n horizontal tab to be cleared 
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Global: 

rO 

<DESTROYED> 

Global: 

I 

Select code for the 9B71A 

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 SYNTAX: 

cll 'cspc' (CPI [, LPI]) 

CPI Character per inch (CPI < 0 implements proportional spacinq ) 

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: 

pI 

p2 

Global: 

rO 

Number of characters printed per inch. If negative, then 

proportional spacing is used 

Number of lines per inch {default 6} 

Select code for the 987lA 
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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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CALLING SYNTAX: 

vtab. 
1. 

n 

EXAMPLE: 

cvtab 

cll 'cvtab' (vtab
l

, vtab
2

, ... , vtab
n

) 

The distance in lines from the top of form to the vertical 

tab to be cleared (if vtab
l 

< 0 all tabs are cleared) 

The number of tabs to be cleared 

cll 'cvtab' (2, 6, 8) 

Execution of this subroutine will clear vertical tabs at all positions 

specified by the parameters vtab. (l$i$n). The parameters indicate the 
1. 

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: 

pI 

p2 

pn 

First vertical tab to be cleared; number of li~es from top 

of form. If pI < 0 then all vertical tabs are cleared 

Second vertical tab to be cleared 

th 
n vertical tab to be cleared 
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Global: 

rO 

<DESTROYED> 

Global: 

I 

J 

Select code , for the 9871A 

Used as inde x for parameter number 

Used to count line feeds 

SPECIAL CONSIDERATIONS: 

1. Tab parame ters may be listed in any order in the parameter list. 

2. Power up default conditions will c l ear al l vertical tabs . 

308 

• 

• 

• 



• 

• 

CALLING SYNTAX: 

Iv 

L 

F 

EXAMPLE: 

form 

c ll 'form' [(W, L, F)] 

Te xt width 

Text l ength 

Form length 

c ll ' form' (10 , 10, 11) 

Exe cution of this subroutine call sets the top of form and the left 

margin a t the present printe r head position. The user may specify the 

text width (W), text l ength (L), and form l e ngth (F) in inches. The para­

meters (W, L, F) are optional with default values o f W = 13.2 inches, 

L = 11 inche s, and F = 11 inc h e s. 

VARIABLES USED: 

<INPUT> 

Local: 

p I 

p2 

p3 

Global: 

rO 

Te xt width in inches 

Text l e ngth in inches 

Form length in inches 

Select c ode for the 987lA 
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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 

Y-distance 

character 

EXAMPLE 

An expression for the horizontal distance to be moved 

An expression for the vertical distance to be moved 

Decimal code for character to be printed (optional) 

Character codes are found in Appendix B 

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,It.",as a default value . 

311 



VARIABLES USED: 

<INPUT> 

Local: 

pI 

p2 

p3 

Global: 

U 

V 

rO 

Horizontal distance moved in user units 

vertical distance moved in user units 

Decimal code for character to be plotted (default 46) 

Scale factor for horizontal units 

Scale factor for vertical units 

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 

d e cimal 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 be~t 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 

character 

EXAMPLE: 

An expression for the Y coordin'ate of the point to 

be plotted 

Decimal code of character to be plotted (optional) 

Character codes are found in Appendix B 

cl l 'fplt' (2. 5 , 1) 

Execution of this subroutine call will plot the user specified 

character at position (X,Y) wher e X is, the horizontal and Y the vertical 

distance from the origin (0,0). 

The diffe rence between this command and the 'pIt' 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 a nd Y coordinates are expressed in user units and may be con­

stants, variables, or expressions , but should always fall in the range of 

t he plot scale. 

Specifying the character to be printed is optional and has the 

decimal point, II " . , as a default value . 

313 



VARIABLES USED: 

<INPUT> 

Local: 

pI 

p2 

p3 

Global: 

x 

Y 

U 

V 

rO 

X .coordinate in user units 

Y coordinate in user units 

Decimal code for character to be plotted (default 46) 

Absolute minimum value on X axis as specifieq in the 'scI' 

routine 

Absolute minimum value on Y axis as specified in the 'scI' 

routine 

Scale factor for horizontal units 

Scale factor for vertical units 

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, Y, 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 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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CALLING SYNTAX: 

ell '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 'imove' (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 expressed 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: 

pI Horizontal distance moved in user units 

p2 Vertical distanc e moved in user units 

Global: 

U Scale factor for horizontal units 

V Scale factor for vertical units 

rO Select code for the 987lA 
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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: 

c ll 'iplt' (± X-distance, ± Y-distance[, character]) 

X-distance 

Y-distance 

character 

EXAMPLE: 

An expression for the horizontal distance to be moved 

An expression of the vertical distance to be moved 

Decimal code for character to be printed (optional) 

Character codes can be found in Appendix B 

cll 'iplt' (0, -1, 43) 

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 X and Y distances are expressed 

in user units and can be constants, va!iables, or expressions. The pos~tion 

moved t o should fall inside the range of the plot scale. 

Specifying the character to be printed is optional and has a decimal 

point, 11.11, as the default value. 

VARIABLES USED: 

<INPUT> 

Local: 

pI 

p2 

Horizontal distance moved in user units 

Vertical distance moved in user units 
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p3 

Global: 

U 

V 

rO 

Decimal code for character to be plotted (default 

Scale factor for horizontal units 

Scale factor for vertical units 

Select code for the 9871A 

SPECIAL CONSIDERATIONS: 

46) 

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: 

pI 

p2 

Global: 

X 

X-coordinate in user units 

Y-coordinate in user units 

Absolute minimum value on X axis as specified in the 'scI' 

routine 
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Y 

u 

V 

rO 

Absolute minimum value on Y axis as specified in the 'sell 

routine 

Scale factor for horizontal units (from 'scI') 

Scale factor for vertical units (from 'scI') 

Select code for the 987lA 

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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pit 

CALLING SYNTAX: 

cll 'plt' (X-coordinate, Y-coordinate[, character]) 

X-coordinate An expression for the X coordinate of the point to be 

plotteGi 

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 'pIt' (Z, sin(Z), 42) 

Executi on of this subroutine call will plot the user specified 

character at 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, II." . 

VARIABLES USED: 

<INPUT> 

Local: 

pI X coordinate in user units 
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p2 

p3 

Global: 

X 

Y 

u 

V 

rO 

Y coordinate in user units 

Decimal code for character to be plotted (default = 46) 

Absolute minimum value on X axis as specified in the 

'scI' routine 

Absolute minimum value on Y axis as specified in the 

'scI' routine 

Scale factor for horizontal units (from 'scI') 

Scale fac tor for vertical units (from 'scI') 

Select code for the 987lA 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 987lA. 

2. 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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PSIZ 

CALLING SYNTAX: 

ell 'psiz' (Vs, Hs, Vo, Ha) 

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: ell 'psiz' (lO, 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 'scI' 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 

323 



p3 

p4 

Global: 

rO 

Horizontal offset from left margin in inches 

Vertical offset from bottom margin in inches 

Select code for the 987lA 

<OUTPUT> 

Global: 

H 

W 

Height of plot in inches (same as pI) 

Width of plot in inches (same as p2) 

SPECIAL CONSIDERATIONS: 

14 The 'form' subroutine should be executed before executing the 

'psiz' subroutine. 

2. The 'scI' subroutine must be executed immediately after the 'psiz' 

subroutine to avoid destroying the value of the global variables 

Hand W which are required by the 'scI' routine. 
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ptyp 

CALLING SYNTAX: 

c ll 'ptyp' 

EXAMPLE: 

cll 'ptyp' 

Execution of this subroutine places the calc ulator in a mode whic h 

causes each character typed to be printed immediate ly on the 9871A. To 

exit the mode you simply press the STOP key. 

VARIABLES USED: 

<INPUT> 

Global : 

rO 

<DESTROYED> 

I 

Select code f o r the 987lA 

Used a s tempora ry storage for decimal code 

SPECIAL CONSIDERATION: 

Only the upper and lowe r case alphanumeric ke y s and the nume ric 

. keys will cause the appropriate charac t e rs to b e printed. Special 

keys a nd c ommand k eys will not be printed . 
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CALLING SYNTAX: 

cll 'scI' (X , X , Y 
min' 

Y ) 
min max max 

X min 
~1inimum X value (user units) 

X Maximum X 
max 

value (user units) 

Y 
min 

Minimum Y value (user units) 

Y Maximum Y max value (user units) 

EXAMPLE : cll 'sell (-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 
m~n max Inl.n max 

exactly to the respective limits of t he horizontal and vertical edges of 

the plotting area. This also establishes where the plot origin (coordi­

nates (0,0» is loo:ated, whether ,.nn.;or .off the . p l otting area. 

This subroutine call must be executed before any p l otting subroutine 

calls can be e xecuted. 

VARIABLES USED: 

<INPUT> 

Local: 

pI Minimum X value in user units 

p2 Maximum X value in user units 
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p3 

p4 

Global: 

H 

W 

rO 

<OUTPUT> 

Global: 

X 

Y 

U 

V 

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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setlm 

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: 

pI 

Global: 

rlil 

Width of left margin in inches 

Select code for 9871A 

SPECIAL 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: 

cll 'shtab' (htab
l

• htab
2

• htab
3 
•...• htabn ) 

htab. 
1 

n 

EXAMPLE: 

The distance in inches from the left clargin to the position 

of the horizontal tab 

The number of tabs being set 

cll 'shtab' (2. 4. 6. 8. 10) 

Execution of this subroutine will set horizontal tabs at all positions 

specified by the parameters htab. (l~i~n). The parameters designate the dis-
1 

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: 

pI First horizontal tab - distance in inches from left margin 

p2 Second horizontal tab 

pn 
th 

n horizontal tab 
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Global: 

rO 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: 

N 

EXAMPLE: 

skip 

cll 'skip' (N) 

Number of lines skipped by either normal line feeds or 

reverse line f e eds 

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: 

pI 

p 2 

Global: 

rO 

The number of lines skipped. Positive pI will cause 

normal line feeds and ne gative pI will cause reverse line 

feeds 

Counter for number of lines 

Select code for the 987lA 

SPECIAL CONSIDERATION: 

Modification of the numbe r of line s printed per inch by executing the 

'cpsc' rout i ne will also affect the distanc e 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 s ubroutine will cause the printer to move N spaces 

to the right if N is positive or backspac e N times if N is negative. 

Skipping spaces and printing blanks move the printer the same distance. 

VARIABLES USED: 

<INPUT> 

Local: 

pI 

p2 

Global : 

rO 

The numbe r of spaces moved. Positive pI will move to the 

right and negative pI will move to the left. 

Counter for number of spaces 

Select code for the 987lA 

SPECIAL CONS IDERATION: 

Modification o f character spacing by executing the ' cspc ' routine will 

also affect the distance moved with this command . 
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CALLING SYNTAX: 

vtab. 
l. 

n 

EXAMPLE: 

svtab 

cll 'svtab' (vtab
l

, vtab
2

, ... , v.tab ) 
n 

The number of lines from the top of form to the position 

of the tab 

The number of tabs being set 

cll 'svtab' (6, 12, 18) 

Execution of this subroutine will set vertical tabs at all positions 

specified by vtab. (l~i~). The parameters designate the number of lines 
l. 

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: 

pI First vertical tab; number of lines from top of form 

p2 Second vertical tab 
........... th .............................................. . 
pn n vertical tab 

Global: 

rO Select code for the 9871A 
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<DESTROYED> 

Global: 

I 

J 

Used as an index for parameter number 

Used as counter for number of line feeds 

SPECIAL CONSIDERATIONS: 

1. Tab parameters may be lis ted in any order in the parameter list. 

2 . Any number of tabs can be set up to a maximum of one per line. 

3. Powe r up default conditions clear all vertical tabs. 
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CALLING SYNTAX: 

htab 

vtab 

EXAMPLE: 

tab 

cll 'tab' ~± htab[, ± vtabl)~ 

Tab horizontally htab times (default 

Tab vertically vtab times (optional) 

cll 'tab' (+2, -1) 

1) 

Execution of this subroutine will tab horizontally and/or vertical l y 

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 

p2 

p3 

p4 

Number of horizontal tabs . May be positive or negative . If 

omitted the default is one tab to the right. 

Number of vertical tabs. May be positive or negative. If 

omitted the default is zero . 

Counter for horizontal tabs 

Counter for vertical tabs 
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Global: 

rO Select code for the 9871A 

SPECIAL CONSIDERATIONS: 

1. 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. 

2. Vertical tabbing with no horizontal tabs can be implemented by 

specifying 0 horizontal tabs. 
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CALLING SYNTAX: 

time 

EXAMPLE: 

• view 

cll 'view' (time) 

Number of milliseconds before paper is moved up to view 

what was printed 

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. 

VARIABLES USED: 

<INPUT> 

Local: 

pl Number of milliseconds before platen advances (default 

Global: 

rO 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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CALLING SYNTAX: 

tic 

X , 
m~n 

X max 

EXAMPLE: 

• xaxis 

ell 'xaxis' (Yoff ~+tic [,X"X ill 
nun max IJ 

Point on Y axis where X axis intersects 

Positive increment between tic marks 

Position where X axis printing begins 

Position where X axis printing ends 

cll 'xaxis' (0, 1, -10, 10) 

X 
max 

Execution of this subroutine call will print an X axis from 

with tic marks printed at the user-defined intervals (tic). 

X, to 
m~n 

The X axis 

will intersect the Y axis at the point, Y
off

' which is also specified by 

the user. 

If the optoinal parameters X, and X are omitted, then the default 
rnl.n max 

values are the minimum and maximum X values specified in the 'scI' 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: 

pI Y axis point at which X axis will intersect 
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p2 Interval spacing between tic marks 

p3 Beginning point for printing of X axis 

p4 End point where printing of X axis stops 

pS Used as increment in loop to print axis tic marks 

Global: 

W Width of plot (from 'psiz') 

H Heigth of plot (from 'psiz') 

u Scale factor for horizontal units (from 'scl') 

v Scale factor for vertical units (from 'scl') 

X Minimum value on X axis scale (from 'scl ' ) 

y Minimum value on Y axis scale (from 'scl') 

rO 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> O. 
IDl.n max 

2. Execution of this subroutine will cause any fill character specified 

in a 'char' subroutine call to be destroyed. 
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CALLING SYNTAX: 

tic 

Y . 
m~n 

Y 
max 

EXAMPLE: 

• yaxis 

ell 'yaxis' (Xoff E + tic [, Y . ,Y jl) 
m1n max~ 

Point on X axis where Y axis will intersect 

Pos i tive increment betwee n tic marks 

Position whe r e Y axis printing begins 

Position where Y axis printing ends 

ell 'yaxis' (0, .5, -5, 5) 

Exec ution of this subroutine call will print a Y axis from Y . 
m~n 

to Y with tic marks printed at the user specified intervals (tic). 
max 

The Y axis will inte rsect the X axis at the point, X
off

. 

If the optional parameters Y. and Yare omitted, then the de-
rnl.n max 

fault values are the minimum and maximwn Y values as specified in the 'scI' 

subroutine call. If the optional parameter tic is also omitted, then 

the default value will only print tic marks at the beginning and end 

points of the axis. 

VARIABLES USED: 

< INPUT > 

Local: 

pl X axis offset through which Y axis will intersect 
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p2 Interval spacing between tic marks 

p3 Beginning point for printing of Y axis 

p4 End point where ·printing of Y axis .tops 

pS Used as increment in loop to print axis tic marks 

Global: 

W Width of plot (from 'psiz') 

H Height of plot (from 'psiz') 

u Scale factor for horizontal units (from 'scI') 

v Scale factor for vertical units (from 'scI') 

x Absolute minimum value on X axis SCale (from 'scl l
) 

Y Absolute minimUm value on Y axis scale (from I Serf ) 

rO Select code for the 987lA 

SPECIAL CONSIDERATIONS: 

1. The Y axis must always be printed. in the positive direction which 

means that Y. < Y and tic> O. 
rn1n max 

2. Execution of this subroutine will cause: an}' fill character specified 

in a 'char' subroutine call to be destroyed. 
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ANNOTATED LISTING: 

~:1: 6..; t· ~~; dE"';:I 
1: ell ' .fot-v, ' f13 

,12.12) 
2: ell 'p".i z' (12 

,1 2, .5, &5 ) 
3: ell 'sc.l~ ( -

1 ~:1, 36~3 ; -1.2, 
1.2 ) 

4: ell ' :"'l>,: i".' ( ~3 
,:;:~:1,~), 36 0) 

5: e l l ' Yo.>::i :=.' ( (1 
,.i , -i, LI 

6: 0 ""I; -:.11 '(il(,I.) e 

((1, (i) 
7 : ,:11 ·'plt' fl, 
sin ·f ! ), 42 ) 

:3: l it' (1+1-:.1)<=:3 
6(1; '::3t. () -1 

9: (1-1!; t'(,',t f5.~j, 
z 

i0: ell 'Moue' f! 
, 0 ) 

i1: ell 'sp o.c e' ( 
- :3 ) 

12: ell , ".kip' (1 
) 

1:;:: '.Ht. r0,!jif 
f ! +~:€H! ) <= 360; 
';It':l -3 

14: -i·dif f'·,t. 
f4.1,z 

15: ell 'j"'101.)E' ~ [.1-:1 
, I ) 

16: ell ' ;':.P'J, CE"( 
-6) 

17: ' .. Jrt. o ,1'}iif 
f!+.l-dl<=li 
'::It 0 -2 

1 :,:: ell ' f'lO'-.! e' f 1 
8~:1,-1.(15) 

1'~: c 11 ':;. PIJ. CE" ( 

2(1: I.>.lrt 6, " SI r'{( ;:< 
) " 

21: e'nd 

PROGRAM EXAMPLE FOR 987lA PRINTER (FILE 42 SINE FUNCTION) 

Initialize select code for 987lA;Degree measure 
Set up size of page 

Initialize p l ot size 

Initialize plot scale 

Print x and y axis with no tic marks 

Move to origin and initialize domain I 

Plot function coordinates (I, sin(I» 
over interval [0, 360] 

Initialize format to label x axis 

Move to appropriate position on x axis 

Backspace 3 times 

Skip one line 

Print the label 

Initialize format to label y-axis 

Move to appropriate position on y-axis 

Backspace 6 times 

Print labe l 

Move to bottom of plot and 

l abel the p l ot 
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File 43 

EMPLOYEE PECOFD 

E;~jPLOYEE EHP # 'JOB CODE SALARY YRS EMP vAC DAYS 

Captain nook 654321 206 11500 32 112 
w Cookie ~lOn s ter 222222 401 10250 6 32 U1 
0 ~'rank N Stein 987890 531 15600 43 175 

Nad Hatter 100000 912 23000 31 150 
Rin .'lin .'lin 123619 632 2500 21 211 
Roadrunner 437692 592 40000 27 101 
'l'h e Sh adoll 999999 999 41000 41 209 
Tinker Bell 513964 100 17500 37 151 
Winnie the Pooh 101010 236 20000 339 423 
Zorc.o 111111 III 25000 25 234 

• • • 
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ANNGr.ATED LISTING: 

(1: enp "tW. OF 
ENPLOYCES') ", tl 

1: dire, A$ [t-l, 2>,1] , 
A[~1,6] 

2: 1+1;6 '*1< 
:::: e nt "H At'1E? ", 

A$ [I ,1, 2(1]; l+J 
4: ent "Et'lPLOYEE 

t·w . '~''', A l1, 1] 
5: E'nt "TITLE 
CODE'~''', A [1,2] 

Eo: E'nt "::;ALAP''''''~''' 
,A[I ,3] 

7: E'nt "NO. OF 
'r'EARS '~' '', A [1,4] 

8: E'nt ""lACAT10t~ 
DAYS')", A [1,5] 

9: if (1+1+1)<=N 
;9t-O -E, 

10: 6+r0; ell 
':=.ki p ' (6) 

11: ell 'SPoJ.CE·' 
4~1);',!rt rO, " 

nlPLOYEE 
RECORD" 

12: ell ':=.kip'(3 
ldEo.0,z; 

13: el l ':=.htoJ.b' ( 
.5, 3,4.5,6 ,7.5, 

PROGRAM EXAMPLE FOR 987lA PRINTER (FILE 43 EMPLOYEE 
RECORDS) 

Enter number of records in data bank 

Initialize data bank 

Loop to enter elements into data bal1k 

Employee number 

Title code for job 

Salary in dollars 

Number o f years employed 

Number of vacation days earned 

Initialize select code for 987lA 
Skip 6 lines 

Skip 40 spaces and print heading for data base 

Skip 3 lines and set up format specifications 

9, It1 . 5 ); f( .. ,t c.14~ Z 

Set h~rizontal tabs at 1/2 ",3",4.5",6",7 . 5 11
, 

911,10.S" 

O'iEE " ; ell 
' t, o.b~; l . .l t"t E" 
"E t'l F' # 

15: ell 'to.b~; 
i~ (t 6," JOB CODE 

";c11 'tIJ.b 
, ; 1",1 rt 6," SRLAF.:\' 

16: ell ~ to.b'; 
I~ rt. 6," YR~; Et'lP 

";ell't, 'lb' 
; 1,,1 rt. 6," VAC 
DAYS 

17: 1 •• .It b 6,13; 
ell' :=.kip' (2) 

1:3: ell ' t.o.b'; 
iHt. 6 . 2,A$[I]; 
1 +~I 

Tab right and 
Print heading for Employee column 
Tab right and 
Print heading for Employee Number column 

Tab right and 
Print heading :0r Job Code Number column 
Tab right and 
Print heading for Salary 

Tab right and 
Print heading for Number of Years Employed 
Tab right and 
Print heading for Number of Vacation Days 

Carrier return and skip two lines 

Tab right and print name 
Initialize column counter 
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ANNOTATED LISTING : 

19 : el l ' to.b ' ; 
1.H"t. t..1,A[I,.J]; 
j VI P ( .J+ 1" .J »5 

20: el l '~.kip' (1 
jiif (1+b1)ti; 
'Ho +4 

21: ell 
l ) ; I.,.lrt 
.J-b.J] 

22 : ell 

' t o.b '( -
6 . 1 , A[I, 

' to.b '(-
2 ) ;'.H"t 6 .1, A[I , 
J-1" .J] ; ,i I'·,P .J <2 

2 3 : el l ' tllb ' ( -
2); I .. .I rt 6 .2, A$[I 
]jell 'to.b' (-2) 

24: 1 t (1 +1"1 l< ­
tHell '~. kip' ( 1) 
; >3tO - E. 

25: €ond 

Tab right and print record entry 

Skip one line and t e st for e nd 
o f records 

Tab l e ft and print rightmost e ntry of 
the r ecord 

Tab left twic e and print next r e cord e ntry 

Tab left and print name 

Check if last r ecord. If no t branch 
t o print n e xt record .from left t o right 
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File 44 .?our-Leafed Rose 

r .... · ... '. ' . ...... 
..... 

\ \ , . , '. 
......... \. 

'. '. · 
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.F] 
i 1 
• I 

:" / 
: I 
· I , 

'. '. · . • .. .. l 
'. '. ... 

' .. 
' . .... 

...... 

· .. 

. ' . ~ .. .. .. . " .... 

/ ..... / . / 
, : 

L'· ... / .. ' . ' . ' , ... 

· · · · · · · . 
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ANNOTATED LISTING: 

~3: t,--:.r0;ro.d 
1: ell 'for f~"( l~: 

,12,12 ) 
2: ell 'F-'::.iz' (12 

,12, .5, .5) 
~:: cll '~, cl' ( ­

.5, .5, - .'5, .5 ) 
4: e ll ' ::« I. >:: is'(1::,1 

5: ell' '/ o.::< i:::.' (0 
) 

7: C~,in(A)cos ( A ) 

l2"D;cll ' .. ,It' ( 
Dsin (Al, Dco~, ( A) 
, 42) 

8: if (A+ .0HA) < 
=1f; 'Ho -1 

'3: C~,in( H) cos,(A) 

l2"[I;cll 'pIt'( 
-D~,in (A) ,DcQ ~,(A 

) , 42 ) 
H1: if ( A+ . 01 " A) 

<=211; '; tO -1 
11: .'nd 
*17882 

PROGRAM EXAMP::.E FOR 9871A PRINTER (FILE 44 FOUR-LEAFED 
ROSE) 

Initialize select code for 9871A;Radian measure 
Set up size of page 

Initialize size of plot 

Initialize plot scale 

Print x and y axis with no tic marks 

A i s angle; C is constant multiplier 
Function value D (CsinACOSA)2 computed 

Plot the cartesian coordinates (x,y) associated 
with the polar coordinates A,C 
Increment angle and compute next point 

Same as above over interval n , 2n 
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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 

2. SELF TEST 

3. BELL 

4. FORM FEED 

Sets the printer to its power-up state. 

syntax: wtb <sc# > , 27, 69 

Causes the printer to perform internal checks on its 

ROM and READ/I'IRITE memory. Then it prints a test 

patte rn and returns to the power-up state (see 

Appendix C). 

syntax: wtb <sc#> , 27, 122 

Causes the printer to make an audible beep. 

syntax: wtb <sc# > , 7 

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. 

6. SHIFT OUT 

7. SHIFT IN 

syntax: wtb <sc# > , 14 

Causes all subsequent circumflex and acute accent 

characters to be replaced by exponentiation and 

apostrophe characters respectively. The IIshift out" 

remains in effect until a IIshift in" is recognized or 

until the printer is returned to its power up state. 

syntax: wtb <sc#>, 14 

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 leng",-h 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 "beepll will sound. To restore a charac­

t e r to its original definition, a "character replace­

me nt" command must be given with the character to be 

restored and a list of length zero. This will delete 

it from the replacement list in memory, and expand the , 
buffer accordingly. 

syntax: wtb <sci> , 27, 67 , char, N, list 
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• 
The fol l owing t able gives a l i st of t he char acters that can be 

p rinted by t he 9871A and t h e ir ASCI I code (decima l code ) . 

987lA ASCII CHARACTER CODE 

DECIMAL DECIMAL 
CODE CHARACTER CODE CHARACTER 

32 Blank 58 

33 59 

34 " 60 < 

35 # 61 

36 $ 62 > 

37 % 63 ? 

38 & 64 @ 

39 65 A 

39 (SO) 66 B 

40 67 C 

41 68 D 

42 * 69 E 

43 + 70 F 

44 7l G 

45 72 H 

46 73 I 

47 / 74 J 

48 0 75 K 

49 1 7 6 L 

50 2 77 M 

51 3 78 N 

52 4 79 0 

53 5 80 P 

54 6 8 1 Q 

55 7 82 R 

• 56 8 83 S 

57 9 84 T 
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DECHIAL DECIMAL 
CODE CHARACTER CODE CHARACTER • 85 U 120 x 

86 V 121 Y 

87 W 122 z 

88 X 123 TT 

89 Y 124 

90 Z 125 + 

91 [ 

92 ..r 
93 

94 A 

94 (SO) t 

97 a 

98 b 

99 c 

100 d 

101 e 

102 f 

103 9 

104 h 

105 i 

106 j 

107 k 

108 1 

109 m 

110 n 

111 0 

112 P 

113 q 

114 r 

115 s 

116 t 

117 u 

118 v 

119 w • 
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APPENDIX C 

POWER UP STATE 

When power is first applied to the printer, or during a "test" or 

"reset" conunand, control goes through a "power up staten. In this state, 

the following functions are performed: 

1. An internal self test is made on ROM and read/write memory. A beep 

is sounded if a fault occurs. 

2. 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. 

3. All horizontal and vertical tabs are cleared. 

4. Horizontal spacing is set to 10 characters per inch. Variable hori­

zontal spacing is disabled. 

5. Vertical spacing is set to 6 lines per inch. 

6. The view-advance function is disabled. 

7. Top of form is assumed at the current platen position. 

8. Left margin is assumed at column 1. 

9. Text width is assumed to be 13.2 inches. 

10. Form length is assumed to be 11 inches. 

11. Text length is assumed to be 11 inches . 

12. The origin for absolute plotting is set at the left margin and loweL 

361 



13 . 

margin. 

Plot fill parameters are set to: decimal point, spacing 

cal offset = +5. 

14. The standard ·'shift-in" character set is assumed. 

15. All character replacements are cleared. 
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Default 
absolute 
plot origin 

Paper 
15 inches 

Printing Lj'n'o----------£~I 
13.2 inches 

Perforation - --- --'------- ---

Perforation 

Top o f form 
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"dot" STATEMENT 

When 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 consis ts 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 de termined 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 dimens ioned to use the dot 

statement. Before plotting another row on the printer, the s tring 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, s o 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, A$). 

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 0 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 positiOn 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 general, it will be necessary 

to convert your functional values to the range 0 - 559 for use with the 

dot statement. If 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 = 559 * (P - MIN)!(MAX - MIN) 

SPECIAL CONSIDERATIONS: 

1. Error B~ 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.,"" .... A$[1,80]). 

3. The plot made must be set each time a new line is sent to the printer 

(e.g., fmt c80, b; wrt 6, A$, 17). 

4. The dot statement is available only after loading the binary program 

in file 45 (ldb 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 follow;,ng: 

1. The function to be plotted. 

2. The plot bounds - (x min, x max) and (y mia , 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 II • 

b . Width is the distance in inches between x min and x max . 
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; II! , - - --=,........ . .....,..,.., .. , , 

VARIABLES USED: 

Local: 

pl 

p2 

Global: 

A 

B 

C 

D 

E 

F 

G 

H 

M 

N 

W 

X 

Y 

rO 

A$ 

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 Y value 

user interval size between successive X values 

height of plot in inches 

temporary storage for first parameter of dot statement 

index for loop which computes functional values to be printed 

width of plot in inche s 

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: 

L The binary program in file 45 should be loaded before any storage for 

variables is allocated. 
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2. The entire string that is used by the dot statement must be initi­

alized to blanks before storing values in the string. 

3. 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, c80; wrt <sc#>, AS, 17. 

4. To use this plotting program the following ROMs are required: 

STRINGS ROM, AP ROM, GENERAL I/O ROM. 

5. 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: 

y; axis 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

cos (X)+,[ 

Og:~2TT 

'" 

... 
", 

I '. 

PL OT ~lIDTH 
7 
PL OT HEIGTH 
~ 
~, 

)< t'l I t·j 
~3 
:)~ r'1 A ;< 
2n' 

'iN I t·l 
-1.2 
y t1 A ~\ 
1 'J . '-
F O~: ::·~AXIS 

Y A )'~IS OFFSET 
~J 

:'<Ans OFF SE T 
~3 

SELECT CODE'i 
6 

... 
.' 

... 
I 

t 

I... ... L-~ ________________ ~ ________________________________ ~ ________________ x axis 

... 

... 
... 

". 
... 

; 

i 
i 

i 
i 

NOTE; The y-axis 'will run across the page on the 9866B. 
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INSTRUCTIONS: 

1. I nsert UTILI TY ROUTINES cartridge with machine turned on. 

2. Load the file. 

3. 

4. 

5. 

a . Type Idf 46 

b . Press EXECUTE 

Press RUN 

When "ENTER FUNCTION " is displayed: 

a. Press FETCH 

b . Enter 5 

c. Press EXECUTE 

" cos (X)+Y" will appear in the display. 

a. Enter the f unction to be plotted in the form f(X}~Y (e.g. Xt3 + 

2Xt2 + l+Y) 

b. Press STORE 

6 . Continue execution 

a. Type cant 1 (you must type the word " cant" charact er by character 

rather than pressing the CONTINUE key) 

b . Press EXECUTE 

7 . \'/hen " PLOT \"/IDTH" is displayed: 

a . Enter t h e des i red plot width in inches (le ngth of X axis) 

b. Press CONTIllUE 

8 . When "PLOT HEIGHT" is displayed: 

a . Enter the desire d plot height in inches (le ngth of Y axis) 

b. Press EXECUTE 

9 . When "XMIN " i s displayed : 

a. Enter the minimum valu e of X (in user units) to be plotted 

b . Press CONTINUE 

10. \'1hen " ){MAX" is displayed : 

a . Enter t he maximum v a lue of X (in user units) to be plot ted 

b. Pr.ess CONTINUE 

11 . \'1hen "YMI NII is displayed: 

a. Enter the minimum value of Y that can be plotted 
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13. 

b . Press CONTIllUE 

~lhen "YMAX:' is d isplayed : 

a . Enter the maXir.1UIn value of Y that can be p l otted: 

b. Press COlITINUE 

"FOR XAXIS II will be printed. When "YAXIS OFFSET" is displayed : 

a. Enter the position on the x-axis through which the y-axis 

intersects 

b. Press CONTINUE 

14. "FOR YAXIS" wil l be printed. ~,hen "XAXI S OFFSET" is displaye d: 

a . Ente r the position on the y-axis through which the x-axis 

inte rsects 

b. Press CONTINUE 

15. " SELECT CODE? " wil l be displayed: 

a . Enter the select cod e for t he 98668 Printe r 

b. Press CONTINUE 

16 . The function will be p lotted on the 9866B . 
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ANNOTATED LISTING: 

a: Idb 45;d".p 
"EtHEF~ FUt·1CTI Ot·l 
"j rlJ.d;". tp 

1: d i "'1 1'1$ [8~3] ; 
f ("It b, ct:t1 

2: 9:;.b 1::: EtUP" 
:;:: f or ::< C to D 

by G 
4: ,, ' " .. 1'1$[1,8[1] 
~ •• ' ~.~ 1":,:-"1' 41,) .J. 1 ... 1_1,: .. n .. I . 

6 : It lJ.bs((>': 1'1)."'­
G)< l;cll 'pl ,:ot.' 
( E , F) 

7: ell 'p Ico t.' ('r') 
c: : ell 'plot' ( E:) 
9: ~!rt. rO, 17, 1'1$ 
1(1: ne'xt :'< 
11: €'n d 
12: " pI'Jt " :if 

pO=l; dotA$, i n to ( 
( pl- E ) V ) .. r'h r'1+ 1 ; 
re t. 

13: dotA$ ,in t.((p 
i-E ) "/)' int. ((p2 -
E)"/)ire· t 

14 : "SETUP":cf·'3 
13 

15 : Enp " PLOT 
I·JIDTH",I·J; i f 
fl'31~: ; cf3 13; 
9t 0 +(1 

16: E'np "PLOT 
HE IGT H",H; if" 
fl'31:3; cf'3 13 ; 
'3t,0 +0 

17: ::.pc ; I:'flP 

">::tiIN", C; if 
f191 :3;ef '~ 1~:; 
'=Jt.o +~3 

18: E'np "::< t'1A>:: " , 
Diif fl~1:3;o:.i"3 
1;;: ; '::at I) +0 

19: SPC ; E'fl P 
" 'OH W' , E; i f 
fl·313jc.t'913; 
9t. CI +0 

20: E'np "\'N A::<" , 
Fii i" f"l ·~13;c.f ·3 
1 3 ; ·3t. 0 +(1 

21 : ( D C )/5 4 ~HG 

22: 7~jH/ (F-E)-tV 

Load the binary fi l e containing dot statement 
Stop program for user to enter desired function 

Dimension string used in dot statement 
Set up format 
Branch to routine t o set up the pl ot area 

LOOP TO PLOT FUNCTION 
C is initial X value, D is final X value, G is 
increment . Initialize entire str ·ing to blanks 
User-defined function stor ed here 
Check if yaxis should be printed 

Put function value in A$ 
Put xaxis value in A$ 
Write A$ o n 9866B in plot mode 

dot STATEMENT 
If only one point, fi l l the appropriate scaled 
position in A$ and the one next to it. 

If two points are specifieq fill all positions 
between the two points 

SETUP PLOT AREA 

Enter the width of the plot in inches 

Enter the height o f the p l ot in inches 

Enter the minimum X value 

Enter the maximum X value 

Enter the minimum Y value 

Enter the maximum Y value 

G is the increment between X values plotted 
V is the scale factor for the yaxis 
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ANNOTATED LISTING: 

23: SPC ;prt 
"FOR >'A::-::IS"; 
SPC 

24: E'np "'l A::-:; I S 
OFF:3ET " , A; spc 
if fl -31:3; C.f3 
1:3;91.0 +0 

25: sp(. ; prt 
"FOf.:: 'lA::'~IS"; 

::.pc 
26: E"t"IP " >::A;'~IS 

OFFSET", 8; ::-pc 
if fl -31:3; cf3 
1:3; -'31.0 +0 

27: E-np "SELECT 
CODE')", r0; ::- F-'C 

if fl -31:3;cf-3 
1:3;91.0 +0 

28: ret 

Enter the position on the xaxis 
where the yaxis intersects 

Enter the position on the yaxis 
where the 'xaxis intersects 

Enter the select code of the 9866B 
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TRAINING TAPE 

STARTING INSTRUCTIONS 

1. Relax 

2. Turn the calculator ON 

3. Insert the UTILITY ROUTINES cartridge 

4. ,When"t-"appe.ars in the displ.ay, 

Type trk 1; Idf 0 

Press EXECUTE 

5. When"t-nappears in ~the display, 

Press RUN 

~M
' ~ 15·,_ Wh. en. "READY?"asp<e .a'H" 

~', " 4~"'" ~;i.N.,....,.,> , 
~". '~'\.(~l\qn, 

, Press CONTINUE 

in the display, the calculator is stopped. 

This training program introduces you to the world of the programmabl.e 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 

cartridge will not be accidentally written on. 
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~" ' L , 

For the training program, you will need a blank cartridge of 

a basic 9825A calculator and the training cartridge. 

RECORD 51 

in PROTECT position 

The HP Tape Cartridge 
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