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EXTENDED FUNCTIONS FOR SCELBAL

The extended functions for SCELBAL are
SIN, COS, EXP, LOG, and ATN, The SIN and
LOG functions are calculated using Cheby-
shev optimized Taylor series, and the EXP
and ATN are calculated using continued frac-
tions. The COS function is calculated using
the SIN function. The argument of the func.
tion is reduced to an interval where the
Taylor series or continued fraction is reason-
ably accurate. The range of the argument of
the functions are:

SIN  -4194303 < X « 4194303
COS 4194303 < X « 4194303
EXP -B9<X< 89

LOG X>0

ATN - 1E3T< X <1E37

FUNCTIONS CALCULATED USING
TAYLOR SERIES

SIN and LOG, which are both caleulated
by series, call on & subroutine Isbeled
TAYLOR which calculates the sum of the
products of odd powers of X with constants
stored on page 54, ie,,

A*X+B*X3+C* X5,

THE SIN FUNCTION

The SIN function is calculated by first
reducing the argument fo the range
0 < R « 2*PI, where R is the reduced argu-.
ment, by finding the remainder when the
argument is divided by 2*PL R is then
reduced to the range -PI/2 « Y« P1/2, s0 the
SIN(X) can be caiculated using SIN(P1/2*Y),
since the Taylor series for the latter will con.
verge faster than that of SIN(X). The
TAYLOR subroutine can then be called.

THE LOG FUNCTION

The logarithm base ¢ of the argument is cal-
culated by separsting the floating point
exponent and the mantissa, and calculating
the log base 2 of the mantissa. The mantissa is
then used to calculate a new value which will
be passed to the TAYLOR subroutine that is
calculated by (Y-SQR{EW(Y+SQR(.5)); Y is
the mantissa. The TAYLOR subroutine cal-
culates part of the series, £o which -1/2 must
be added when the value is refurned. The
LOG function is then calculated by adding
the fixed value of the original argument expo-
nent to the value returned by TAYLOR, and
then multiplied by the constant, LOG{2), to
convert it to base e,

THE COS FUNCTION

The COS function is calculated by adding
Pi/2 to the argument, and then calculating it
a8 a SIN,

THE EXP FUNCTION

The EXP function is calculated by reducing
the function using the laws of exponents, The
argument is multiplied by log base 2 of e, 50
the EXP can be calculated by raising 2 to this
product. The integral part of this product is
saved, and the fractional part is used to cal-
culate the two raised to this number, using a
continued fraction,

THE ATN FUNCTION

The ATN function is calculated by
reducing the argument in the interval
0 < X << 1. If the argument is negative, its
absolute value is used fo calculate the ATN,
and then the value returned is negated. (A"
switch indicates this condition.) ¥ the argu-
ment is greater than 1, the reciprocal is taken,
the arctangent is calculated, and the value re-
turned is subtracted from PI1/2.



NEW FUNCTION TOKENS user desires to create unique additions.

Since these new functions require addi-
tional fokens beyond those originally pro-
vided for in SCELBAL, a patch to the existing
FUNARR and PRIGHT routines was needed.
The new NEWFNS routine also provides faci-
lities for several user defined functions if the

SOURCE LISTINGS AN} FLOW CHARTS

The following source listings and flow
charts show the detailed operation of the
‘extended msathematical function routines.

ATNX, LLIGO1 1.oad L with address of ARG > 1 flag

LHI 601 **1.0ad H with page
LMI 600 Initialize flag to false condition
LLI 126 Load L with address of FPACC MSW
LAM Load accumuiator with MSW of FPACC
LII 013 Load L with address of TEMP byte storage location
ILMA Save ARG MSW to save sign of ARG
CAL ABS Find the absolute value of ARG
L1 014 Load L with address of TEMP FP location
CAL FSTORE  Store sbsolute value of ARG there (X)
LLIO24 T.oad L with address of -1.0
CAL OPLOAD Load FPOP with -1.0 to compare FPACC
CAL FPADD With one by adding-1.0to it
LLI126 Load L with address of FPACC MSW
LAM Load sccumulator with FPACC MSW
NDA Set flags to see if FPACC greater than 1
4TZ ATN1 If FPACC =1, don't find reciprocal
JTS ATN1 Or if FPACC is less than 1, don't find reciprocal
LLIG14 Loead L. with address of X
CAL FLOAD Load FPACC with value of X
LI G604 Load i, with address of FP +1.0
CAL OPLOAD Load FPOP with +1.0
CAL FPDIV Find reciprocal of X
LILIO14 Load L with address of X
CAL FSTORE  Store reciprocal of X hack in X
LLI 001 Load L with address of ARG> ] flag
ILMI 001 Set the ARG>1flagto 1

ATN1, LLIO14 Load L with addressof X
CAL FLOAD Load FPACC with value of X
LLI014 Load L with address of X
CAL OPILOAD Losd FPOP with value of X
CAL FPMULT Form Xt2in FPACC
LLI 034 Load L with address of TEMP FP location
CAL FSTORE  Store X2 there
LLi150 Load L with address of ATN constant B3
LHI 054 **[oad II with page of external function constants
CAL OPLOAD  Load FPOP with value of B3
CAL FPADD Form B3+X42 in the FPACC

-2.



INITIALIZE ARG>1 FLAG
AND STORE FPACC MSW TO
INDICATE ORIGINAL SIGN
I

f

| X= ABS (ARG) |

NO 1S

X GREATER THAN

ES SET ARG>1

FLAG AND
X=X

A

1?

¥
{CALCULATE X4 2|

CALCULATE ARCTANGENT
OF REDUCED ARG: ATN =
X*(BO+A1/(XA2+B1+A2/(X$2+B2+A3/(X42+B3))))

WAS YES

ARG»] FLAG SET

NO

ATN = PI/2 - ATN|

|

?

‘NO WAS

A

ORIG ARG< 0
9

P
RETURN



ATN2,

LLI 154

LH1 654

CAL OFLOAD
CAL FPIIV
LLI160

LHI 064

CAL OPLOAD
CAL FPADD
LIl G634

CAL OPLOAD
CAL FPADD
LLI 164

LHi 054

CAL OPLOAD
CAL FPDIV
LLI170

LHI 054

CAL OPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CAL FPADD
LLI 174

LHI 054

CAL OPLOAD
CAL FPDIV
LLY 200

LHI 054

CAL OPLOAD
CAL ¥FPADD
LII014

CAL OPLOAD
CAL FPMULT
LLI001

LAM

NDA

JTZ ATN2
LLIO70

CAL OPLOAD
LIX3137

LBM

DCB

LMB

CAL FPSUB

LI 013
LAM

NDA

4TS FPCOMP
RET

Load I, with address of ATN constant A3

**Load H with page of external function constants
Load FPOP with value of A3

Form A3/{B3+Xt2) in FPACC

Load L with address of ATN constant B2

**oad H with page of external function constants
Load FPOP with value of B2

Form B2+A3/(B3+X12}in FPACC

T.osd L with address of X42

Load FPOP with value of X2

Form X42+B2+A3/(B3+X12) in FPACC

Load L with address of ATN constant A2

**Load H with page of extemal function constants
Load FPOP with value of A2

Form AZ2/(X+2+B2+A3/{B3+X*2)) in FPACC
Load L with address of ATN constant Bl

**Load H with page of external function constants
Load FPOP with value of B}

Form B1+A2/(X+2+B2+A8/(B3+X*%2))

Load L with address of X42

Load FPOP with value of X 2

Form X12+B1+A2/(X42+B2+A3/(B3+X12))

Load L with address of ATN constant Al

**Load H with page of external function constants
Load FPOP with value of Al

Form AL/(Xt2+B1+A2/(X42+B2+A3/(B3+X2))
Load L with address of ATN constant B0

**Load H with page of external function constants
Load FPOP with value of BO. Form
BO+AL1/(X424B1+A2/(X*2+B2+A3/(B3+X*2)})
L.oad L with address of X

Load ¥FPOP with value of X, Form
X*¥BO+A1/(X12+B1+A2/(X12+B2+A3/(B3+X$2))))
Load L with address of ARG > 1 flag

Load accumulator with ARG > 1 flag

Set flags to see if ARG greater than 1

If not, no need to adjust function

Otherwise, load L with address of PI

Load FPOP with value of PI

Load I, with address of FPOP exponent

Load B with ¥POP exponent

Subtract 1 to divide FPOP by two

FPOP now contains P1/2

Subtract FPACC from PI/2 as result

Load 1, with address of original ARG MSW
Bring original ARG MSW into accumulator

Set flags to see if original ARG isless than O

if so, negate function and return

Otherwise, return with function value in FPACC



EXP

MULTIPLY FPACC

BY LOG 2 (base E)

FIX THE RESULT AND
STORE INTERGIZED BYTE

TEMPORARILY

FIND FRACTIONAL PART
BY FLOATING BYTE AND
SUBTRACTING FROM

ORIGINAL

CALCULATE: FPACC =
1+2*¥Y /(AO-Y+A1/(B1+Y42))42

ADD FIXED BYTE TO FPACC
EXPONENT TO ESSENTIALLY
MULTIPLY BY 2 RAISED

TO THAT POWER

EXPX, LLI170
LHI 601
CAL OPLOAD
CAL FPMULT
LLI034
CAL FSTORE
CAL FPFIX
LLI124
LAM
LII1123
LMI 000
LLIO13
LMA
CAL FPFLT

RETURN

Load L with address of LOG base 2 E
**] . 0ad H with page of ¥P

Load FPOP with LOG base 2 B

Multiply ARG by LOG base 2 E

Load L with address of TEMP FP location
Store LOG base 2 F times ARG there
Convert product to byte

Load L with address of LEW of FPACC
Get fixed byte

Load I with address of FPACC extension
Clear FPACC extension

Load L with address of TEMP byte storage
Put value of ARG there

Convert fixed value back to FP

-



LLI034

CAL OPLOAD
CAL FPSUB
Lil114

CAL OPLOAD
LLI 137

1L.BM

DCB

LMB

CAL FPMULT
L1l 634

CAL FSTORE
LLIG34

CAL OPLOAD
CAL FPMULT
LII144

LHI 654

CAL OPLOAD
CAL FPADD
LLI140

LHI 054

CAL OPLOAD
CAL FPDIV
LLi 034

CAL FACXOP
CAI FPSUB
Liila4

1.HI 054

CAL OPLOAD
CAL FPADD
LLI034

CAL OPLOAD
CAL FPDIV
LLI 127

LBM

INB

LMB

LLI 604

CAL OPLOAD
CAL FPADD
LI 124

CAL OPLOAD
CAL FPMULT
LLIO13

LAM

LII127

ADM

LMA

RET

fLoad L with address of TEMP FP location

Load FPOP with LOG base 2 E * ARG

Find initial part of LOG bage 2 E * ARG

Load L with address of LOG base E 2

Load FPOP with LOG base E 2

Load L with address of FPOP exponent

Bring FPOP exponent into B

Subtract 1 {o divide by two to form

IOGbase £2/2

Mutltiply fractional part by LN 2/2

Load 1L with address of TEMP FP location

Store FPACC thers (Y)

L.oad L with addressof Y

Load FPOP with value of Y

Form Y¢2 in FPACC

Load L with address of exponent constant Bl
**.0ad H with address of external function constant pg
Load FPOP with value of Bl

Form B1+Yt2 in FPACC

Load 1. with address of exponent constant Al
#*%.0ad H with page of external function constants
Load FPOP with value of Al

Form AL/{B1+Y$2)in FPACC

Load I with address of Y

Put FPACC in FPOP, Y in FPACC

Form Y-Al/(B1+Y#2) in FPACC

Load I. with address of exponent constant AQ
**Load H with page of external function constant
Load the value of AD in FPOP

Form AC+Y-A1/(B1+Y42) in FPACC

Load L with address of Y

f.oad FPOP with value of Y

Form Y/(AO+Y-Al/(B1+Yt2)) in FPACC

Load L with address of FPACC exponent

L.oad B with FPACC exponent

Add 1 to multiply by 2

To form 2*Y/(AQ+Y.A1/(B1+Y42)) in FPACC
Load L with address of +1.0

Load FPOP with FP +1.0

Form 1+2*Y/{AO+Y-AL/(B1+Y¥2))

Load L with address of FPACC

Load FPOP with FPACC

Form (1+2*Y/(AO+Y-A1/{B1+Y*$2))) 2

Load L with address of TEMP byte storage

Get initial part of LOG base 2 E * ARG

L.oad L with address of FPACC exponent

Add initial part of LOG base 2 E * ARG to FPACC exp
To multiply FPACC times 2 INT(LOG base 2 E)
And return to caller



YES IS ARG NO

A

GREATER THAN
| \}/

1
GET ARGUMENT FP EXP
SAVEIT

GET MANTISSA, Y
AND CALCULATE:

Y -/.D
Y /.5

!
CALL TAYLOR TO
CALCULATE:
C1*Y+C3*Y43+C5*Y 45
. l
SUBTRACT %
FROM RESULT

Y

YES WAS NO

ERRCR

) QM/{}
?

1
| COMPLEMENT IT]

-t
-

FLOAT IT ]

ADD TO TAYLOR 8UM &
MULTIPLY BY LOG 2 (base E)

RETURN



LOGX,

L.OGERR,

1OG1,

LLI126
LHi 001

- LAM

NDA
JTZ LOGERR
JF5 LOG]

LAI 314
LCi 307
JMP ERROR

INL

LAM

1.Mi 60O

LLI 013

LMA

INZ.

CAL FSTORE
LLI 204

CAL FACXOP
CAL FPSUB
LLI0O34

CAL FSTORE
LLI 014

CAL FLOAD
LLI 204

CAL OPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CAL FPDIV
LLi 014

CAL FSTORE
LLI 000

LM 200

INL

LMI 214

CAL TAYLOR

LLI 024
CAL OPLOAD

LLE137

LBM

DCB

LMB

CAIL FPADD
LLI 044

CAL FSTORE
CAL CFALSE
LLI 013

LAM

LLI 124

Load L with address of FPACC MSW

**[,0ad H with page of FP

Load accumulator with MSW of FPACC

Set flags to see if FPACC less than or equal fo O
If ARG is zero, then LOG error

If ARG grester than 0, value is O.K,

Print out “L”
“G* error message when
ARG is less than or equal to 0

L points to FPACC exponent

Load accumulator with FPACC exponent

Put zero in FPACC exponent so 5<FPACCK1

Load L with address of TEMP byte storage

Store old exponent of ARG there

Increment L to point to TEMP FP storage

Store FPACC there {Y)

L.oad L with address of SQR(2)/2

Put Y into ¥POP, SQR(2)/2 into FPACC

Subtract SQR(2)/2 from Y

Load L with address of TEMP FP Jocation

Store Y-SQR(2)/2 there

Load L with address of Y

Load FPACC with value of Y

Load L with address of 8QR(2)/2

Load FPOP with SQR(2)/2

Add SQR(2)/2¢t0 Y

Load I. with address of TEMP FP location

Load FPOP with Y-SQR{2)/2

Form (Y-8QR(2)/2)/(Y+5QR(2)/2) in FPACC

Load L with addressof Y

Store ((Y-5QR(2)/2Y/(Y+SQR(2)/2) backin ¥

Load L with address of TAYLOR CONSTANT pointer
Load TAYLOR pointer with start of LOG constants-4
Increment to point to TAYLOR FINISH pointer
Load TAYLOR FINISH pointer with location of iast
Constant. Call TAYLOR subroutine to

Calculate LOG base 2. L points to -1.0

Load FPOP with -1.0

Load L with address of FPOP exponent

Y.oad FPOP exponent into B and subtract 1 {o divide
By two in order to form

-1/2 in the FPOP affer new exponent is stored

Add -1/2 to TAYLOR value

Load L. with address of TAYLOR sum

Store new value back into TAYLOR sum

Load 0.0 into FPACC

Load L with sddress of TEMP byte storage

Get old ARG exponent info sccumulator

Load L with address of FPACC LEW



LOG2,

COsX,

NEWFNS,

IMA

NDA

JFS LOG2
XRI 377

ADI 001
LMA

CAL FPCOMP

CAL FPFLT
LII 044

CAL OPLOAD
CAL FPADD
LLI114

CAL OPLOAD
JMP FPMULT

LLI 070

LHI 001

CAL OPLOAD
LLI137

LBM

DCB

LMB

CAL FPADD
JMP SINX

CPI 010
JTZ SINX
CPI 011
JTZ COSX
CPI 012
JTZ LOGX
CPI 013
JTZ EXPX
CPI014
JTZ ATNX
CPI 015
JTZ UDF1
CP1 016
JTZ UDF2
CPI 017
JTZ UDF3
CPI 020
JTZ UDF4
JMP FAERR

Store oid ARG exponent in FPACC LSW

Set flags to see if exponent less than 0

If not, don’t complement FPACC

Otherwise, form two’s complement of

Old ARG exponent 5o will be ready for 23 bit
Store complemented value in LW of FPACC
Do 23 bit complersent of FPACC mantissa

Convert ARG exponent to FP

Load L with address of TAYLOR sum

Load FPOP with TAYLOR sum

Add TAYLOR sum to floated ARG exponent
Load L with address of LOG base E 2

Load ¥POP with LOG base E 2 to convert to
Bagse E LOG. Mulliply and exit

Load L with address of PI

**Load H with page of FP

Load ¥FPOP with value of P

Load L with address of FPOP exponent
Load B with FPOP exponent

Subtract 1 to divide FPOP by 2

To form Pi/2 in FPOP

Add PI/2 to ARG in FPACC

And exit using SIN function -

Compare token value for Sine function
To Sine routine if match

Check for Cosine function

To Cosine routine if appropriate
Check for Log token

Do Log routine if match

Test for Exponent token value
Perform Exponent routine if required
Check for Arctangent

To Archiangent routine on maich
Else check for user defined

Routine token values

To appropriate user defined

Address on token match

If none of the above, have error



@ '-

CALCULATE
R =FPACC MOD 271

NO A}R\
< 3

\?m/

YES ISR LESS

[R&R~2P1|

A

THAN PI/2
?

A

Y=R *2PI

DO TAYLOR SERIES
CALCULATION: RESULT =
ALFY+ASFYA3+ASHTASHATHYAT B

-10 -



SINX,

SIN1,

LLI 084
LHI 001

CAL FSTORE
LLI 070

CAL FACXOP
LLI127

LBM

INB

LMB

CAL FPDIV
CAL INTX
LLI 127

LBM

INB

LMB

LLI 070

CAL OPLOAD
CAL FPMULT
LLI 034

CAL OPLOAD
CAL FPSUB
LLI 034

CAL FSTORE
LLI 074

CAL FACXOP
CAL FPSUB
LLI126

LAM

NDA

JTS SIN1

LLI 070

CAL FLOAD
LLI 127

LBM

INB

LMB

LLI 034

CAL OPLOAD
CAL FPSUB
LLI 034

CAL FSTORE
JMP SIN2

LLIGT0

CAL FLOAD
LII12%

LBM

DCB

LMB

LLI G34

CAL OPLOAD

Load L with address of TEMP FP storage

**J,0ad H with page of FP

Store FPACC in TEMP storage

Load L with address of PI

Put FPACC in FPOP and Pl in FPACC

Load L with address of FPACC exponent

Get FPACC exponent into B and add 1 to multiply
The FPACC by 2 o form 2*P1

Store incremented value back into FPACC exponent
Divide the ARG by 2*P1

Integerize this value

Load I with address of FPACC exponent and add
One to it o multiply the FPACC, which contains
INT(X /{2%P]}), by two

Store the incremented value back into FPACC exponent
Load L with address of PI

L.oad PI into the FPOP

Multiply by PI to form PI¥2*INT(X/{PI*2))

Load L with address of the ARG (X)

Load the FPOP with the ARG from TEMP FP location
Subtract X to form: X-PIF2*INT(X/(PI*2)),

Which is X MOD 2*PL Load L with addressof X
Store X MOD 2*PI back in X, since this is

In the primary interval ( 0<X< 2*PI), Load L

With addr of 83*P1/2, put X in FPOP, 3*PI/2 in FPACC
Subiract X from 3*PI/2 to compare them

Load L with address of FPACC MSW

Load accumulator with FPACC MSW and set flags
'T'o compare FPACC with zero

If X less than 3*PI/2, go o SIN1

Otherwise, load L with address of PI

Load FPACC with PI

Load L. with address of FPACC exponent

L.oad B with FPACC exponent and add 1 to multiply
By 2 o form 2%Plin FPACC

And store incremented value back into FPACC exp
Load L with address of X

Load FPOP with value of X

Subtract PI*2 from X

Load L with address of X

Store X-PI*2 back into X

Since X is in @3, no need to reduce more

Load I with address of P1

Load the FPACC with PI

Load I. with address of FPACC exponent
Lozad B with value of FPACC exponent
Subtract I to divide FPACC by 2

Store back decremented value to form PI/2
Load L with address of X

Load FPOP with value of X

- 11~



SINZ,

TAYLOR,

TAYLOP,

CAL FPSUB
LL1126

LAM

NDA

JTS SINZ

LII 034

CAL FLOAD
LLIO70
CAL OPLOAD
CAL FPSUB
LLI 034

CAL FSTORE

LLi 034
CAL OPLOAD
LLi 070
CAL FLOAD
CAL FPDIV
LLI127
LBM

INB

LMB

LLI 000

LMI 074
INL

IMI120

LII1014
CAL FSTORE
LiI1014
CAL OPLOAD
CAL FPMULT
LLI 034
CAL FSTORE
CAL CFALSE
LLI G44
CAL FSTORE

LLI 000

LAM

ADI 004

LMA

LLA

LHI 054

CAL FLOAD
LHI 001

LLI 014

CAL OPLOAD
CAL FPMULT
LLI 044

CAL OPLOAD

Subtract P1/2 from X to compare them
Load L with address of FPACC MSW

Load FPACC MSW into accumulator and set flags
T'o compare FPACC with zero

If X is less than PI/2, go on to calculate SIN
Load I. with address of X

{.0ad FPACC with X

Load L with address of PI

Load FPOP with value of PI

Subtract X from PI

Load L with address of X

Store reduced value of X back (X is in Q4)

Load I, with address of reduced X (-PI/2< X< P¥/2)
Load FPOP with value of reduced X

Load 1, with address of PI

Load FPACC with value of Pi

Divide X by Pl

Load I with address of FPACC exponent & add 1 o
FPACC exponent to mitply by 2 in order to make value
In FPACCequal 2/PI * X, s0-1 FPACC 1

This is because the TAYLOR series is for SIN{PI/2*X)
Load L with address of TAYLOR CONSTANT pntr loc
Load TAYLOR CONSTANT pntr with start of SIN
Constants-4 {SIN constants go from 100-123, pg 54)
Load TAYLOR FINiSH pntr w/ addr of last SIN const

Load L with address of TEMP FP storage loc {Y)
Store FPACCin Y

Load I, with addressof Y

Load FPOP with value of Y

Form Y 2in FPACC

Load L with address of TEMP FP location

Store Y 2 in TEMP FP location

Put zero in FPACC

Load L with address of TEMP FP loc (SUM)
injtialize SUM to zero

Load L with address of CONSTANT pointer

Load the accumulator with the CONSTANT pointer
Add 4 to CONSTANT pointer {no. of bytes per FP no.)
Store CONSTANT pointer back

Load L with value of CONSTANT pointer

**.0ad H with extended function CONSTANT page
Load TAYLOR CONSTANT into FPACC

**Restore H to point to FP page

Load L with addressof Y

Load FPOP with value of ¥

Multiply CONSTANT by Y

Load L with address of SUM

Load FPOP with value of SIIM

« 12«



TAYLOR

_/

CALCULATE Y42 |

NO

GET POINTER TO
TAYLOR 2 CONSTANT
ON PAGE 54

ADD 4 TO POINTER
(FOR NEXT CONSTANT) AND
GET CONSTANT IN FPACC

MULTIPLY FPACC BY Y]

ADD FPACC TO
TAYLOR SUM

MULTIPLY Y BY Y42
AND RESTORE VALUE
FOR NEXT POWER

ISTAYLOR YES

CONST PNTR BEYOND

LIMIT?

A

RETURN

(TAYLOR SUM
IN FPACC)

-18.



CAL FPADD Add SUM to product of CONSTANT and Y

LI 044 Load 1. with address of SUM

CAL FSTORE  Store SUM back into SUM

LLI 014 Load L with address of Z 2

CAL OPLOAD Load FPOP with valueof Z 2

L.LI034 Load L with addressof Y

CAL FLOAD Load FPACC with value of Y

CAL FPMULT Multiply Y by Z 2 to form next odd power of Z —
LLI 014 Load L with address of Y

CAL FSTORE  Store this power back intoc Y for next time

LII GO0 Losd L with address of CONSTANT pointer _
LAM Get CONSTANT pointer into accumulator

INL Point to pntr of last TAYLOR CONST for this function

CPM Compare pointers to see if finished with function

JFZ'TAYLOP  If not, continue loop -
Li1044 Otherwise, load L with address of SUM

JMP FLOAD Exit with value of function in FPACC

MATHEMATICAL SUPPLEMENT MEMORY ALLOCATION -
FOR CONSTANTS, TABLES, AND TEMPORARY DATA :

The MATHEMATICAL  FUNCTIONS The following list shows the areas used for
SUPPLEMENT utilizes various locations in these purposes in the assembled version of
memory for the storage of a table, femporary the MATHEMATICAL SUPPLEMENT
data (pointer information} and constants routines presented herein. -

214 -

Page 1:
Locations -
600 Start Address of TAYLOR

constants (on page b4}

- 001 Finish Addr of TAYLOR cons. =
070 PI1{3.14159) -
074 3*P1/2
}'14 Logbasee 2
2;2’0 Logbase 2 e —



204 SQR (.5)
Page 54:
000 New Function Names Tabile
. SIN constants
100 Al
104 A3
110 Ab
114 A7
120 A9
EXP constants
134 Bl
140 Al
144 A0
ATN constants
150 B3
154 A3
160 B2
164 A2
170 B1
174 Al
200 BO
LOG constants
204 C1
210 C3
214 1833

ASSEMBLED LISTINGS OF MATHEMATICAL FUNCTIONS SUPPLEMENT

The following pages contain assembled
listings of the MATHEMATICAL FUNC-
TIONS SUPPLEMENT routines just described
in source form. Two sets of listings are pro-
vided side-by-side. One for the 8008, the
other for the 8080. The listings starts with the
constant values that must be piaced on page
01 of the original SCELBAL program. It then
presents the several patches that must be in.
stalled in the main portion of the original
SCELBAL interpreter. It then continues with
the routines described herein as they would

-15.

appear when gpssembled to reside in pages 50
(last quarter of the page) through page 53 of
memory. Page 54 in the asgsembled version is
reserved for table use and additional con-
stant values used by the mathematical rout-
ines. The listing concludes with the values to
be placed on that page.

As in the original SCELBAL publication,
the use of a double asterisk {**} in the listing
indicates that a page pointer would have {o be
attered if the program is relocated.



8008

854
207
144
Q02

362
145
113
404

015
21
1306
000

041
125
134
001

172
202
132
000

104 320 052

066 374
056 053

074 020

066 001

056 001

076 000

066 126

307

066 013
370

106 346 007
066 014

106 285 022
066 024
106 266 022
106 211 G20
066 126

307

240

150 024 081
160 024 051
066 014

1086 244 022
066 004
106 2686 022
106 322 021
066 014
106 285 022
086 001
076 001

LE

*

ATNX,

864
207
144
402

362
145
113
003

016
27
130
(00

041
126
134
001

172
262
132
000

JMP NEWFNS

LLI 374
L.HI 063

CPr 020

LLIOOY
LHI 001
LMI 000
L1128

LLE 014

CAL FSTORE
LELI 024

CAL OPLOAD
CALFPADD
LLi 126

LAM

NDA

JTZ ATN}
JT8 ATNL
151014

CAL FLOAD
LLE 004
CALOPLOAD
CAL FPDIV
L1014

CAL FSTORE

LLI 601
LMi 001

01 070
01071
01072
01073

01 074
01 075
01076
01 077

01114
01 118
{1116
01 117

01 170G
01171
01172
01 173

0% 204
01 206
01 208
01 207

07074

07 126
07 130

o7 154

50 330
50 332
50 334
50 336
BO 340
50 841
50 343
B0 344
B0 347
5O 351
60 354
50 366
5O 361
50 384
50 366
B0 367
50 370
50 373
50 376
51 000,
51 003
b1 008
51 010
51 013
51015
51 620
51 022

- 16 -

8080

354

144
002

362
145
313
003

415
271
130
000

041
125
i34
001

172
202
132
000

303 320 062

056 374
046 053

376 020

056 001
048 001
066 000
056 126
176

056 013
1687

315 346 007
0b6 014

316 255 022
066 024

315 266 022
315 211 020
056 126

176

247

312 024 051
372 624 051
066 014

3156 244 022
086 004

815 266 022
316 322 021
066 014

315 255 022
056 001

066 001

*

LE

ATNX,

364 /P1
207
144
o002

362
148
113
003

73*PLj2

015 [Log Base
271 jExp 2
130

041 /i.og Base
125 JExp 2

172 /SQR(2)/2

JMP NEWFNS

111374
LHI 053

CPI 020

LLI 00}

LHI 001

LMI 660

LLI 126

LAM

LLIO13

LMA

CAL ABS
Li1G14

CAL FSTORE
LLi024

CAL GPLCAD
CAL FPADD
LLI126

L.AM

NDA

JPZ ATN1
JT8 ATN1
LLioln4

CAL FLOAD
LLI 004

CAL OPLOAD
CAL FPDIV
LLI 014

CAL FSTORE
LLI oo}

LMI 002



N

51 024
51 026
51 031
51 083
51 036
51 041
51 043
51 046
51 050
51 052
51 055
51 060
51 062
51 064
51 067
51 Q72
51 074
51 076
51101
51 104
51 108
51111
51114
51 116
51 120
51 123
51 126
51 130
51 132
51 136
51 140
51 142
51 146
51 150

- 51 1b2

51 154
51 167
b1 162
51 164
51 166
b1 171
51 174
51 176
51 201
51 204
51 206
51 207
51 210
51 213
51 215
51 220
51 222
51 223
51 224
51 226

51 230
51 232
63 2338

8008

086 014
106 244 022
066 014
106 266 022
106 046 021
066 034

106 255 022
066 150
0BG 054

108 266 022
108 211 020
066 154

066 054
106 266 022
106 322 021
(66 160
056 064

106 266 022
106 211 020
066 034

106 266 022
108 211 020
066 164
056 064

106 266 022
106 322 021
066 170
056 054

106 266 022
106 211 020
066 034

106 266 022
104 211 620
066 174
066 064

106 266 622
106 322 02t
066 200

066 0b4

106 266 022
106 211 020
066 014

106 266 022
106 (48 021
086 001

307

240

150 230 051
066 070

106 266 022
066 137
31y

011

371

106 032 021

066 018
307
240

L

ik

¥

%

E L

*y

i

ATN1,

ATN?Z,

LI1014
CALFLOAD
L1014

CAL OPLCAD
CAL FPMULT
LLI 034

CAL FSTORE
LLI 150

1Hi 064

CAL OPLOAD
CAL FPADD
LLI 1564

LHI b4

CAL OPLOAD
CAL FPDIV
LI 160

LHi 054

CAL QOPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CAL FPADD
L1184

LHI 064

CAL OPLGAD
CAL FFDIV
LLI 170

LHI 054

CAL OPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CAL FPADD
LLi174

LHI 054

CAL OPLOAD
CAL FPDIV
LLI 200

LK 054

CAL OPLOAD
CAL FPADD
LLI 014

CAL GPLOAD,

CAL FPMULT
LLI 001

LAM

NDA

JTZ ATN2
LLI Q70

CAL OPLOAD
LLY 137

L8M

DCB

LMB

Cal. FPSUB

141013
LAM
NDA

51 024
51 026
51031
61 033
51 036
b1 041
51 043
51 046
61 080
51 052
51 065
51 060
51 082
51 064
51 Q87
51072
51 074
51 076
51103
51 104
51 106
51 111
51 114
51 116
51 120
51123
51126
51 130
51 132
$51 136
51 140
B1 142
51 145
51 150
51 152
51 154
51 157
B3 162
51 164
51 166
53171
51 174
51 176
81 201
51 204
51 206
B1 207
B1 210
51 213
B1 215
51 220
51 222
51 223
51 224
51225

51 230

51 232
51 233
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80890

066 014

315 244 022
056 014

316 266 022
315 046 021
056 034

315 265 022
0566 150
(46 054

315 266 022
315 211 020
056 154

046 0b4

816 266 022
315 322 021
0548 180
046 054

315 266 022
315211 020
066 034

315 266 022
315 213 020
056 164
046 054

315 266 022
815 322 021
066 170
046 054

315 266 022
315 211 020
0566 034

315 266 022
315 211 020
6b6 174
046 0564

315 286 022
315 322 (621
056 200
046 054
315 266 622
315 211 020
056 014

315 266 022
815 046 021
056 001

176

247

312 230051
066 070

315 266 022
056 137

106

005

160

315032 021

056 013
176
247

Aok

*x

EL

=¥

*%

¥

>

ATN1,

ATN2,

LLIoi4

CAL FLOAD
LLIOo14

CAL OPLOAD
CAL FPMULT
LLIO34

CAL FSTORE
LLI 150

LHI 054

CAL OPLOAD
CAL FPADD
I.1.1 154

LHI 054

CAL QPLOAD
CAL FPDIV
LEX 160

1441 054

CAL OPLOAD
CAL FPADD
LLI(34

CAL OPLOAD
CAL FPADD
LLI 164

LHI 054

CAL OPLOAD
CAL FPDIV
LIITIT0
1110564

CAL OPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CALFPADD
LLI174

LH}I 054

CAL CGPLOAD
CAL FPDIV
Lt 200

LHi 064

CAL OFLOAD
CAL FPADD
LI 014

CAL OPLCAD
CAL FPMULT
LA 001

LAM

NDA

JTZ ATN2
LILIOT0

CAL OPLOAD
LLI137

L.BM

DCB

LMB
CALFPSUB

LLIG13
LAM
NDA



51 234
51 237

51 240
b1 242
51 244
51 247
51 252
51 254
51 257
51 262
51 264
51 265
51 267
51 271
51 273
51 274
51277
51 801
51 304
51 807
51 811
51 314
51 816
51 817
51 820
51821
51 824
51 826
51 831
51 333
51 336
51 341
51343
51 846
51 850
51 353
51 355
51 357
51 362
51 865
51 367
51372
51 875
51 377
52 001
52 004
52 007

‘52 011
52 014
52 017
52 021
52 022
52 023
52 024
52 026
52 031
52 034
52 036

8008

160 202 020
007

066 170

056 001

106 266 022
106 046 021
066 034

106 255 Q22
106 600 020
086 124

307

066 123

076 006

066 013

370

106 664 020
(66 034

106 266 022
106 032 021
666 114

106 268 022
066 137

317

011

371

106 046 021
066 034

106 265 022
066 034

106 266 022
106 046 021
086 144

0586 054

106 266 (4122
106 211 020
066 140

056 054

108 266 022
106 322 021
066 034

106 277 022

108 032 021 -

066 134
056 054

106 266 022
106 211 020
066 034

106 266 022
106 322 021
066 127

317

010

371

066 004

106 266 022
106 211 020
066 124
106 266 022

**

*r

L2

JTSFPCOMP
RET

LLILTO

LHI 001

CAL OPLOAD
CAL FPMULT
LLI 034
CALFSTORE
CAL FPFIX
LLI124

LAM

LL.1123

LMI 000

LLI 013

LMA

CAL FPFLT
L1084

CAL OPLOAD
CAL FPSUB
LLI1i4

CAL OPLOAD
LL1137

LaM

DCB

L.MB

CAL FPMULT

LEI 034
CAL FSTORE
111034
CAL OPLOAD
CAL FPMULT
LLI 144
LHI 054

CALOPLOAD

CAL FPADD
LId 140

LHI 054

CAL OPLOAD
CAL FPDIV
LEL 034

CAL FACXOP
CAL FPSUB
LLI 134

LHI 054

CAL OPLOAD
CAL FPADD
LL1034

CAL OPLOAD
CAL FFDIV
LLI 127

LBM

INB

LMB

LLd 004

CAL OPLOAD
CAL FPADD
LLE324

CAIL OPLOAD

51 234
51 237

51 240
51 242
51 244
51 247
51 252
51 254
51 257
51 262
51 264
51 265
51 267
51 271
51 278
51 274
51 277
51 301
51 304
51 307
51311
51 314
51 318
51 317
51 320
51 321
51 324
51 326
51 331
51 333
51 336
51 341
51 343
51 345
51 350
81 353
51 355
51 357
51 362
51 365
51 367
51 872
51 375
51 377
52 001
52 004
52 007
52 011
52 014
52 017
52 021
52 022
52 023
52 024
52 026
52 031
52 034
52 036
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8080

872 202 020
311

056 170
046 001

315 266 022
315 046 021
0B6 034
315 255 022
315 000 020
056 124
176

056 123
066 000
056 013

187

315 064 020
056 034

315 266 022
315032021
056 114
315 266 022
066 137

106

005

160

3315 046021
056 034

315 255 022
0566 034

315 266 022
315 (46 021
056 144
046 b4

315 266 022
815 211 020
056 140

(46 064

316 266 022
3156 322 021
056 034

816 277 022
816 032 021
056 134

046 064

315 266 022
3156 211 020
0566 034

315 266 022
315 322 021
086 127

106

004

160

056 004

315 266 022
315 211 020
056 124

315 266 022

ok

ik

EE

&R

EXPX,

JT8 FPCOMP
RET

LLI 170

LHI 001
CALOPLOAD
CAL FPMULT
LLI 034

CAL FSTORE
CAL FPFIX
LLI 124

LAM

LLI 123

LMI 000

LLI 013

LMA

CAL FPFLT
LLI 034

CAL OPLOAD
CAL FPSUB
LLI114

CAL OPLOAD
LLI 137

LEM

DCB

LMB

CAL FPMULT
LLI 084

CAL FSTORE
LLJ 034

CAL OPLOAD
CAL FPMULT
LLI 144

LHI 054

CAL OPLOAD
CAL FPADD
LLI 140

LHI 054

CAL OPLOAD
CAL FPDIV
LL1 034

CAL FACXOP
CAL FPSUB
LLI 134

LHI 054

CAL OPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CAL FPDIV
LLI 127

LBM

INB
LMB
LLI 004
CAL OPLOAD
CAL FPADD
LLI 124
CAL OPLOAD




W

82 041
52 044
52 046
52 047
52 651
52 052
52 453

62 060
52 062
52 084
52 065
52 066
52 071

52 074
52 078
52 100

52 103
52 104
52 106
52 107
52 11t
52112
BZ 113
B2 118
52 120
52 128
52126
52 130
52 133
52 136
52 140
52 142
62 145
52 1560
52152
52 156
52 180
52 162
52 165
52 167
62171
52172
52174
B2 1M
52 201
52 204
52 206
52 207
52 210
52 211
52 214
52 216
52 221
B2 224
52 226
52 227

BOOB

106 046 021
0686 013
307

066 127
207

370

007

066 126

056 001

307

240

150 074 052
120 103 062

008 314
026 307
104 226 002

060

307

076 00

068 013

3170

060

106 2556 022
066 204

108 277 022
106 032 021
066 034

106 256 022
066 014

106 244 622
066 204

106 266 022
106 211 020
066 034

106 266 022
106 322 021
066 014

106 255 022
066 000

078 200

060

076 214

106 236 053
066 024

106 266 022
066 137

317

011

371

108 211 020
066 044
106 2556 022
106 247 008
066 (113
307

068 124

*k

LOGX,

LOGERR,

LOG1

CAL FEMULT
Lid 013

LLI 126

LHI 001

LAM

NDA

ITZ LOGERR
JF5 LOG1

LAI 314
LI 307
JMP ERROR

INL

i.AM

LM1I 000

LLI 013

LMA

i

CAL FSTORE
LLI 204

CAL FACXOP
CAL FPSUB
1.1 034

CAL FSTORE
LLiol4

CAL FLOAD
LI1 204

CAL OPLOAD
CAL FPADD
LL1034

CAL GPLOAD
CAL FPDIV
LLI 014

CAL FSTORE
LLIO0O

L.MI 200

INL

LMI 214

CAL TAYLOR
LLI 024

CAL OPLOAD
LLI 137

1.BM

DeB

iMB

CAL FPADD
LEX 044

CAL FEFORE
CAL CFALSE
141013

LAM

LLI124

52 041
52 044
52 046
52 047
520561
52 052
52 053

52 080
52 062
52 064
52 065
52 066
52 07:

52 074
52 076
B2 100

52103
52 104
52 106
52 107
52111
52112
52113
B2 1186
62120
52 123
52 126
52 130
52133
52 138
52 140
B2 142
52 1456
B2 150
52 152
52 155
52 160
52 162
52 165
52 187
52171
52172
52 174
52177
52 201
52 204
52 206
52 207
52 210
52 211
b2 214
52 216
52 221
52 224
52 226
B2 227

.19

8G80

315 046 021
056 014
176

056 129
206

167

311

056 126
046 001

176

247

312074 052
362 103 052

076 314
016 307
303 226 002

0564

176

066 000

056 013

167

064

315 255 022
056 204
316 277 022
315 032 021
0356 034

3156 285 022
056 014

316 244 022
066 204

315 266 022
3156 2131 020
066 034

315 246 022
315 322 021
056 014

315 2565 022
066 000

066 200

054

066 214

315 236 053
056 024

315 266 022
056 137

106

00b

160

315 211 620
056 044

315 255 022
315 247 006
066 013

176

056 124

*k

LOGX,

LOGERR,

LOG1,

CAL FPMULY
LLi013

LAM

LEI 127

ADM

LMA

HET

LLI 126

LHI 001

LaM

NDA

JIZ LOGERR
JFS8 LOG1

LAY 314
101 307
JMP ERROR

INL

LAM

LMI 000
1110613

LMA

INL

CAL FSTCRE
LLi 204

CAL FACXO?P
CAL FPSUB
LLI 034

CAL FSTORE
111014

CAL FLOAD
LLI 204

CAL OPLOAD
CAL FPADD
LLI 034

CAL OPLOAD
CAL FPDIV
LLiO14

CAL FSTORE
LLI 000

LMY 200

INL

LMI 214

CAL TAYLOR
LIi024

CAL OPLOAD
Lil 137

LBM

BpCH

LMB

CAL FPADD
LLI 044

CAL FSTORE
CAL CFALSE
LL1013

LAM

LLI 124



652 231
52 232
52 233
62 236
52 240
52 242
52 248

52 246
52 251
52 253
b2 256
52 261
52 263
52 266

52 271
52 273
B2 275
52 300
52 302
52 303
52 304
52 305
52 310

52 320
52 322
52 325
52 327
52 332
52 334
52 337
52 341
52 344
52 3486
52 3561
52 358
52 356
52 360
52 363
52 365
52 370
52 372
52 375

53 000
53 002
63 004
53 007
53 011
53 014
53 016
53 017
58 620
53 021
53 024
58 027
53 031

8008

ato

240

120 246 062
054 377
004 001

370

106 202 020

106 064 020
066 044

106 266 022
106 211 020
066 114

106 266 022
104 046 021

066 070

056 001

106 266 022
066 137

317

011

3

106 211 020
104 000 0563

074 010
150 000 053
074 011
150 271 062
074 012
150 060 052
074 018
150 240 0561
074 014
150 330 080
074 015
150 000 000
074 016
150 000 000
o014 017
150 000 000
074 020
150 000 000
104 172 007

066 034

056 001

106 255 022
066 010
106 277 022
066 127

317

010

an

106 322 021
106 243 007
966 127

317

L2

tt

"

**

LOG2,

COSX,

NEWFNS,

SINX,

IMA

NDA

JFS LOG2
XRI377

ADI 601

IMA

CAL FPCOMP

CAL FPFLY
LLI1 044

CAL OPLOADL'

CAL FPADD
Lirt14

CAL OPLOAD
SMP FPMULT

LLI 070

LHI 00}

CAL OFLOAD
LES 137

1.BM

DCB

LMB

CAL FPADD
JMP SINX

CPt 010
JTZ BINX
CPIO1t
JTZ COSX
CPIo12
TZLOGX
CPrO13
JTL BEXPX
CPI 014
JTZ ATNX
CPI 015
JTZL VDY
CPl1 {18
JTZ UDF2
CPI 017
JYZUDF3
CPI 020
JTZ UDF4
JMP FAERR

LLI 034

LHI 001

CAL FSTORE
LLI 070

CAL FACXOP
LRI 127

LBM

ING

LMB

CAL FPDIV
CAL INTX
LLI 127

LBM

52 231
52 232
52 233
52 236
52 240
52 242
52 243

‘52 2486
52 2561
52 263
52 266
B2 261
52 283
52 266

652 271
b2 273
52 275
52 300
52 302
52 308
52 304
52 305
52 310

52 320
52 322
52 325
52 327
52 332
52 334
52 337
52 341
52 344
52 346
52 851
52 353
52 356
52 360
52 363
52 365
52 370
52 372
52 375

¥

B3 002
B3 004
53 007
B3 o1l

‘B3 014
53 016
53 017
53 020
53 021
53 624
53 027
53 031

.20 .

53000

8080

167

247

362 246 052
366 377

306 001

187

315 202 020

315 064 020
056 044

315 266 022
815 211 020
056 114

915 266 022
303 046 021

058 070

046 001
315 266 022
056 137

106

005

160

315 211 020
303 000 053

876 010
312 000 053
376 011
312 271 052
376 012
312 060 052
376 013
312 240 051
376 014
312 330 050
376 015
312 000 000
376 016
312 000 000
376 017
312 000 000
376 020
312 000 400
3038 172 007

066 034
046 001

315 265 022
056 070

316 277 022
0566 127
106

004

166

315 322 021
315 243 007
056 127

106

* ¥

+
T+

"

L1

LOG2,

COSX,

NEWFNS,

SINX

IMA

NDA

JF'8 LOG2
XR1377

ADI 601

EMA

CAL FPCOMP

CAL FPFLT
LLI 044

CAL OPLOAD
CAL FPADD
LLI 114

CAL OPLOAD
JMP FFPMULT

LLI 070

LHI 901

CAL OPLCAD
LLI 137

LBM

nee

LMB

CAL FPADD
JMP SINX

CPI 010
JTZ BINX
CPIl]
JTZ COBX
CPro12
JTZL LOGX
CPI 013
JTL EXPX
CP{ 014
JT'Z ATNX
CPIO16
JTZ UDEL
CPI 016
JTZ UDF2
CPI 017
JEL UDF3
CPI 020
JEZ UDF4
JMP FAERR

111034

LH1 001

CAL FSTGRE
LLIOTO

CAL FACXOP
LLY 127

LBM

INB

LMB

CAL FFDIV
CAL INTX
L1zt

LBM



o

53 032
58 933
53 034
53 036
53 041
53 044
53 046
53 061
53 0b4
53 066
53 061
63 063
53 066
53 071
53 073
53 074
53 075
53 100
53 102
53 105
538 107
53 110
58111
53 112
53 114
B3 117
53 122
b3 124
53 127

53 132
53 134
53 137
53 141
53 142
53 143
63 144
53 146
B3 151
53 154
53 156
58 187
53 160
53 163
53 165
53 170
B3 172
53 175
53 200
53 202

53 205
58 207
B8 212
53 214
b3 217
53 222
58 224
53 225

8008

G110

871

066 070

1066 266 022
106 046 021
(68 034

106 266 022
106 032 021
066 034

106 256 022
466 074

106 277 022
106 032 021
066 126

307

240

160 132 053
066 076

106 244 022
066 127

317

410

371

066 034

106 266 022
106 032 023
086 034

106 265 022
104 205 053

066 070

106 244 022
066 127
317

011

371

066 034

106 266 022
106 032 021
086 126

307

240

160 205 053
066 034

106 244 022
066 ¢70
106 266 022
106 032 621
066 034

106 265 022

066 034
106 266 022
066 070
106 244 022
106 322021
066 127
317

010

SIN1

SiNZ,

INB

LMB

LLI 070

CAL OPLOAD

CAL FPMULYT .

LLI 034

CAL OPLOAD
CAL FPSUB
LLI 034

CAL FSTORE
LLIGT4

CAL FACXOP
CAL FPSUB
LLI 126

LAM

NDA

JIS SIN1

144 070

CAL FLOAD
LLi127

LBM

INHE

LMB

LL1 034

CAL OPLOAD
CAL FPSUB
LLI 934

CAL FSTORE
JMP SIN2

LLig70

CAL FLOAD
LLE 127

LBM

DCB

LMB

LI 034

CAL OPLOAD
CAL FPSUB
LLI 126

LAM

NDA

JT8 SIN2

LI 034

CAL FLOAD
LLI 070

CAL OPLOAD
CAL FPSUSB
L1034

CAL FSTORRE

LLE 034

CAL OPLOAD
LLiove

CAL FLOAD
CAL FEDIV
LLY 127

LBM

INB

53 632
53 033
53 034
53 036
53 041
53 044
53 046
53 081
53 054
53 056
53 (61
53 063
53 066
53071
53 073
53 074
53 076
53 160
53 102
53 105
53 107
53 110
53 111
83112
563 114
B3 117
53122
53 124
53 127

53 132
53 1384
53 137
53 141
53 142
53 1438
53 144
53 146
53 151

53 154
b3 158

53 157
53 160
53 163
53 165
53 170
63172
B3 175
53 200
53 202

53 205
53 207
53 212
B3 214
53 217
63 222
53 224
53 225

-91-

80840

004

160

966 070

315 266 022
315 046 021
056 034

315 266 022
815 032 021
066 034
315 255 022
0656 074
315 277 022
315 032 021
056 126
178

247

372 132 063
b6 070

315 244 022
056 127

106

004

160

058 034

315 266 022
315 032 021
056 034
315 258 022
303 205 063

056 070

315 244 622
066 127

106

005

160

056 034

31b 266 022
3156 032 021

056 126
176

247

F72 205 053
056 034

315 244 022
066 070

315 266 022
315032 021
066 034

315 265 022

056 034

315 266 022
056 010

315 244 022
315 822021
056 127

106

004

SiNI,

SIN2,

INB

LMHB

LLI1 070
CALOPLOAD
CAL FPMULY
LLI 034

CAL OPLOAD
CAL FPEUB
LLI 034

CAL FSTORE
LLi 074

CAL FACXOP
CAL FPSUB
LILI 126

LAM

NDA

JTS SIN1

LLI 076

CAL FLOAD
LLi127

LBM

INB

LMB

LLI 034

CAL OPLOAD
CAL FPSUB
LLI 034
CALFSIORE
JMP SINZ

LL1 970

CAL FLOAD
LLY 127

LBM

Do

IMB

LLI 034

CAL OPLOAD
CAL FPSUSB
LLi 126

LAM

NDA

JI'S BIN2

LLY 034

CAL FLOAD
LLI 670

CAL OPLOAD
CAL FPSUB
LLY 034

CAL PSTORE

LLI o34

CAL OPLOAD
LLI 070

CAL FLOAD
CAL FPRIV
LiX 127

LBM

INB

)



53 226
53 227
53 231
53 233
53 284

52236
53 240
53 243
53 245
53 260
53 253
53 265
53 260
53 263
B3 266

53 270
53 272
B3 273
53 276
53 276
53 277
53 301
53 304
h3 3086
53 810
53 313
53 318
B3 320
53 323
53 326
B3 330
53 333
53 335
53 340
53 342
53 345
B3 350
53 362
58 356
53 357
53 360
53 361
53 362
53 365
53 367

54 400
54 001
54 002
64 0038
54 004
54 005
54 006
54 007
54 010
B4 011
54 012

808

a1

086 0G0
076 074
080
076 120

066 014
106 265 022
066 014
106 266 022
106 046 021
068 034
106 2565 022
106 247 006
066 044
106 265 022

066 000

307

004 004
anre

360

056 064

106 244 022
056 001

{66 014

106 266 022
106 (46 021
066 044

106 266 022
106 211 020
086 044

106 255 022
068 014

106 266 022
066 034

106 244 022
106 046 021
066 014

106 255 022
066 000

307

a60

277
110270053
066 044

104 244 022

003
311
318
324
008
323
307
81¢
403
am
3062

L

>

TAYLOR,

TAYLG?,

LMB
LLI 000
LMI 074
INL

LMI 120

LLI 014
CAL FSTORE
Lil 014
CAL OPLOAD
CAL FPMULT
LLi o034
CAL FSTORE
CAL CFALSE
LLI 044
CAL FSTORE

LLI 000G

LAM

ADI 004

LMA

LLA

LHI 054

CAL FLOAD
LEI 001
LLIO14

CAL OFLOAD
CAL FPMULYT
LLI 044

CAL OPLOAD
CAL FPADD
L1 044

CAL FSTCRE
LLIO14

CAL OPLCAD
LLI 034

CAL FLOAD
CAL FPMULT
LLIO14

CAL FSTORE
LLI GO0

LAM

INL

CPM

JFZ TAYLO?P
LLI 044

JMP FLOAD

403 /INT
311
316
324
003
323
307
316
c03
301
302

{8GN

[ABS

63 226
53 229
53 231
58 233
53 234

53 236
53 240
53 243
B3 246
53 260
53 253
53 265
b3 260
53 263
53 265

53 270
53 272
b3 2138
58 275
B3 276
B8 277
63 301
63 304
53 806
53 310
53 3138
53 316
653 320
53 328
53 32¢
53 330
53 333
53 336
54 340
58 342
B3 346
53 350
b3 862
B3 356
58 367
53 860
53 361
B3 362
b3 365
53 367

54 000
54 001
b4 002
54 003
B4 004
54 006
54 008
54 007
54 010
b4 011
B4 012

.99 .

8080

180
056 009
066 074
054
066 120

066 014
315 256 022
056 014
315 266 022
315 046 021
(56 034
316 265 022
315 247 006
056 044
315 255 022

056 600

178

306 004
167

1587

(486 054

315 244 022
046 001

068 014

315 266 022
8156 046 021
058 044

315 266 022
816 211 020
086 044

815 265 022
056 014

315 266 022
056 034

316 244 022
315 046 021
056 014

315 265 022
0566 000

178

b4

2476

302 270 053
056 044

308 244 022

o003
813
316
324
063
323
307
316
003
301
302

L1 J

L1

TAYLOR,

TAYLOP,

LMB
LL} 000
LMI 074
INL
LML 120

il 014
CAL FSTORE
LIIG14
CAL OPLOAD
CAL FFMULT
LLI 034
CALFSTORE
CAL CFALSE
LLI 044
CAL FSTORE

1LY 000

LLI 014

CAL OPLOAD
CAL FPMULT
LLI 044

CAL OPLOAD
CAL FPADD
LLI 044

CAL FSTORE
LLI 014

CAL OPLOAD
LLI 034

CAL FLOAD
CAL FPMULT
LLI 014

CAL FSTORE
LLI 000

JFZ TAYLOF
LLI 044
IMP FLOAD

003 /INT
311
316
324
003
323
807
316
403
301
302

[8GN

{ABB



f

54 018
B4 014
54 015
54 016
54 017
54 020
54 021
54 022
54 023
54 024
54 025
54 026
54 027
B4 030
54 031
54 032
B4 033
54 034
54 086
54 036
54 037
54 040
54 041
b4 042
54 043
54 044
54 045
54 046
54 047
&4 050
54 061
54 052
54 053
54 054
54 065
b4 056
54 087

54 100
64 101
54 102
54 168
54 104
64 105
54 106
54 107
B4 110
54 111
b4 112
54 113
bd 114
54 115
54 116
64 117
54120
B4 121
hd 122
54 123

8008

323

323
321
322

324
301
302
003
322
316
304
008
308
310
322
003
328
311
318

303
317
328
063
314
317
07
008
305
330

003
301
324
316

861
207
144
001
023
121

000
052
232
123
378
314
154

371
840
153
1
364

328
003
323
321
322

324
301
302
043

322

/SQR
ITAB
/RND
/CHR
/SIN

J/COS8
[LOG
/EXP

JATN

1A
fAZ
JAS
TAT

IA9

54 013
54 014
54 016
54 016
‘b4 017
B4 029
64 021
B4 022
B4 023
54 024
54 (26
54 026
54 027
54 (30
54 031
b4 032
64 033
64 034
54 085
54 036
b4 037
54 040
54 041
54 042
54 043
54 044
54 045
4 0486
54 047
64 060
54 051
54 052
54 063
54 0564
54 0556
54 066
b4 067

54 100
54 101
54 102
54 103
54 104
54 105
54 106
54 107
54110
54 111
54 112
54 113
54 114
54 115
54 116
54 117
54 120
54 121
54 122
54123

.98.

323
003
323
323
322
008
824
301
302

az22
318
304

232
121
a76
314

263
371
340
153
117
864

8080

323

16

a61
207
144
001
023

255
000
062
232
121
375

154
263
371
240
iB3
117
364

ITAB.

{RND

/CHR

/8IN

1CO8

HOG

/EXP

{ATN

fAl

[A%

/AB

1AT

/A9




64 134 -

54 136
54 136
B4 187

54 140
54 141
54 142
54 143

54 144
654 145
54 146
B4 147
b4 150
54 151
64 162
54 153

b4 164
54 155
B4 156
54 187

54 160
B4 161
54 162
54 163

B4 164
54 166
54 186
654 167

54 170
54171
54 172
B4 3173

54 174
54 175
54 178
54177

54 200
54 201
54 202
64 203

B4 204
54 206
54 206
54 207

54 210
54 211
54 212
54213

8008

301
038
140
004

104
306
264
412

446
05686

608
142
266
134
401

034
070
274
377

156
037
‘152
002

262
112

003
%64

154
003

0786
262
1686
002

164
154
131
316

042
125

602

170
921
178
400

001

034
o0
274
377

166
037
152
002

262
112
216
0038

264
061
154
003

978
262
166
002

164

131
376

042
126
134
02

i70
021
178
000

fAQ

fAl

/Bl

/B3

/A3

B2

fA2

{B1

fAL

/B0

1

fC3

654134
54 138
54 138
54 187

54 140
54 141
54 142
54 143

64 144
54 145
b4 146

64 147
‘B4 150

b4 151
54 152
54 153

54 154
B84 1556
84 156
54 157

54 160
84 161
54 162
54 163

B4 184
54 165
b4 166
54 167

54 170
54 171
54 172
54 173

54 174
84 175
64 176
b4 ¥

54 200
B4 201
54 202
b4 203

54 204
64 206
54 206
54 207

54 210
54 211
B4 212
54 213

« 24 .

301
036
140
004

104
a0e
264
012

046
056
176
608
142
2686
134
001

034
076
274
a7

158

152
002

262
112
218
003

264
061
154
403

076
262
166
002

164
154
181
316

042

134
002

170
021
173
000

8080

076
282
166
002

i64
154
141
376

042
126
134
002

170
021

178

000

/Al

/Bl

/B3

/A3

/B2

IAZ

/81

IAL

/Bo

Jie3}

Jioz]



4

s!

8008
B4 214 123 123 /C5
54 215 253 263
54 216 114 114
54 217 000 000

8080

B4 214 123 123 /C5
b4 215 253 263
54 218 114 114
B4 217 06O 000

ADDING USER DEFINED FUNCTIONS

The user may add several user defined
names to the function name table which oc-
cupies locations GO0 - 077 on page 54 in the
assembled lsting just presented. Remember,
the table format is for the first byte in an

‘entry to contain the character count (ec} for

the name followed by the characters con-

“tained in the name.

User defined functions may be located
wherever there is sufficient rcom in memory
(providing they do not interfere with regu-
lar or supplemental SCELBAL routines). A
good place for short user defined routines
might be unused locations on page 54 when
the MATHEMATICAL SUPPLEMENT rout-

ines are installed, or on page zero if space is

available. The starting addresses of user
defined routines whose names are installed in
the function name table should be placed in
the appropriate bytes of the JUMP instruc-
tions in the NEWFNS routine (which starts on
page 52 location 320 in the assembled list-
ing provided herein}.

EXAMPLES

Two examples are given of usage of the
extended funciions in SCELBAL programs,

10 REM LOG & EXP EXAMPLE
20 PRINT ‘BASE’;
36 INPUT B

40 PRINT ‘POWER’;
50 INPUT P

60 PRINT B;*

70 GOTO 10

The first is a simple program to calculate the
value of one number raised to another num-

‘ber. Note that this is different from raising a

number to another using the up arrow
operator, since it can only raise numbers to
integral powers. In this program, a numbes
can be raised to .5, or .333333, which is the
same as taking a square or cube root respec-
tively.

The second example shows the use of the
SIN, COSB, and ATN functions. This program
will solve for all sides and angles of a right
trisngle, given two of them {but not just two
angles, since this is an ambiguous case}). For
the sides which you wish to solve for, enfer a
-1.

Sometimes the programmer wishes to use
functions other than SIN, COS, and ATN, so
here are some formulas for building other
trigonometric functions using the three avail
able:

TAN(X) = SIN(X)/COS(X)

SEC(X) = 1/C0S(X)

ARCCOS(X) = ATN(SQR(1-X*X)}/X)
COTAN(X) = COS(X)/SIN(X)
COSEC(X) = 1/SIN(X)

ARCSIN(X) = (X/SQR(1=X*X))

Remember, SIN and COS expect arguments
in radians, and ATN returns the angle in
radians,

Py ¢ = EXP(P*LOG(B))



BASE?2

POWER?3

2.0 30 =80
BASE?4

POWER?5,

40 5.0 = 1024.005

BASE?3
POWER?.5
3.0 0.5000000 = 1732055

BASE?2

POWER?,333333

2.0 0.3333332 = 1.259922
BASE?8

POWER?LS5

80 1.5 = 22.62751

100 PRINT ‘RIGHT TRIANGLE SOLVER’
110 PRINT

130 R=ATN(1)/45

140 PRINT ‘INPUT ANG A+B; SIDES A+B+(C’
150 INPUT A,B,S1,52,83
155 I¥ 81 <0 THEN 180

160 IF 82> =0 THEN 300
170 IF 83 >=0 THEN 340
180 IF S2«0 THEN 200

190 IF 83> =0 THEN 400
200 IF A <0 THEN 250

216 IF B> =0 THEN 230

220 IF 81> =0 THEN 480
230 IF $2> =0 THEN 540
240 IF S3 > =0 THEN 600
250 IF B <0 THEN 290

260 IF S1> =0 THEN 660
270 IF 82> =0 THEN 720
280 IF 83> =0 THEN 780
200 PRINT ‘ILLEGAL INPUTS’
295 GOTO 140

300 A=ATN(S1/S82)/R

316 B=90-A

320 S3=8QR(S142+524%2)
330 GOTO 830

340 52=SQR(S3 ¢ 2-814 2)
350 A=ATN(81/52)/R

360 B~90-A

370 GOTO 830

400 S1=SQR{S3* 2-821% 2)
410 GOTO 350

480 B~90-A

-926 -
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480 82=S1*COS(A*R})/SIN(A*R)
5G0 S3=SQR(51 ¢ 2+82 ¢ 2)

510 GOTO 830

540 B=90-A.

550 S1=82*SIN(A*R)/COS(A*R)
560 GOTO 500

600 B»90-A

610 S1=83*S5IN(A*R)

620 82=83*COB(A*R}

636 GOTO 830

660 A=90-B

670 82=SIN(B*R)}+COS(B*R)*S1
680 GOTO 500

720 A=90-B

750 81 = SIN{A*R)/COS(A*R})*82
760 GOTO 500

780 A=90.B

790 S1=83*SIN(A*R)

800 52=83*COS(A*R)

830 PRINT ‘ANGLES:A ="A,'B=";B
840 PRINT ‘SIDES:’,‘A =81, ‘B ="82, ‘C="83
850 PRINT

860 GOTO 140

RIGHT TRIANGLE SOLVER

INPUT ANG A+B; SIDES A+B+(C
21
4],

E#:2
ANGLES: A=36.86988 B=5313
SIDES: A=30 B=40 . C€=50

INPUT ANG A+B; SIDES A+B+C
780

70

2.1

71

2.1

ILLEGAL INPUTS

.97,



‘The following is a list of the labels referred
to by the MATHEMATICAL FUNCTIONS
_SUPPLEMENT that are in the original SCEL-
BAL publication. The list is arranged aipha.
betically. The second column shows the
address of the label in the original assembled

version of SCELBAL. The third column indi-

-cates the chapter and page where the label
appeared in the source listing section of the
bhook.

ABSX 07 346 OG-8
CFALSE 06247 814
ERROR 02226 56
FACXOP 22277 10-18
FAERR 07172 93
FLOAD 22 244 10-18
FPADD 20 211 105
FPCOMP 20202 10-5
FPDIV 21 822 10-11
FPFIX 20000 10.3
FPFLY 20064 104
FPMULT 21046 10-8
FSTORE 22255 10-16
FSUB 21032 107
INTX 07243 9.8
OPLOAD 22266 10-16

- 928 .

The following is a list of the labels defined

for the MATHEMATICAL FUNCTIONS
SUPPLEMENT routines. This list is ordered

alphabetically. The second column shows the

‘address of the label in the assembled version
of the program presented in this publication,

The third column presents the page number
where the label occurs in the source Hsting
presented in this publication.

ATNI1 51 024 2
ATN2 51 280 4
ATNX 50 330 2
COSsX 652 271 9
EXPX 51 246 b
1.0G1 52103 8
LOG2 H2 246 g
LOGERR K2 074 8
LOGX 52 060 8
NEWFNS 52 320 g
SIN1 53132 11
SIN2 532056 12
SINX B3000 11
TAYLOP 53270 12
TAYLOR 53236 12



