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‘TP1265 

PREFACE 

‘This manual presents Mathematical Subroutines which are 
used to assist both the RCA 110A programmer and machine 
operator in the writing and debugging of programs. Each 
subroutine includes a description, a flow chart, and a 
symbolic listing. 

‘The fixed-point routines can be called and executed inde- 
pendently of each other using the SLAP 2 System, or may 
be assembled with the program. 

The floating-point routines may also be called and executed 
by the SLAP 2 System, but care should be taken to call each 
routine needed to run the desired routine. As an example, in 
order to use the Floating Point Common Logarithm both FLG 
‘and DVD would have to be called. 

These routines will be periodically revised and supplemented 
to increase the working tools available to the RCA 110A user. 

vil/ viii 
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SIN/COS-FIXED POINT 
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Introduction 

The purpose of the fixed point Sin/Cos subroutine is to 
calculate the sine or cosine of an argument X where 
-360°€ X <€ 360°. 

This mathematical routine has been prepared to fulfill 
the requirements of Specification Number CDV 86634. 
This drawing, together with the reference documents, de- 
scribes the procedures for preparing program card decks 
and the method of utilizing same. 

The program flow chart shown in Appendix A describes 
the logic used to develop the program. 

Mathematical Method 

The following expression was used to evaluate the Sin X. 

1.5707963 

~ -64596371 

+ 07968968 

~ -00467377 

+ 00015148 

SIN (X +90°) 

Maximum absolute error is less than 10 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. R 
ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 
Kat 20K 
FRACTIONS ANGLES = 1/22 
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Program Operation 

Program Assembly and Loading 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck, a product of the 
SLAP 2 assembly, to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence 

Location OP Code Address 

a IDL Argument (see below) 
atl TSP SIN or COS (see below) 
at2 Return 

Argument: The fixed point argument in fraction of a circle 
is scaled at 0 (binary point between bits 23 and 
22) 

SIN - Symbolic entrance in the sine sub-routine 
cos - Symbolic entrance in the Cosine sub-routine 

Output Format 

The result of the calculation will be in the left (L) 
accumulator scaled at 1 (binary point between bits 22 and 
21). 

Error Alam - None 

Memory Requirements 

See Program listing 
Index Registers used - None 

RADIO CORPORATION OF AMERICA 
CODE IDENT NO. 

49671| 2/8 6634 
EC RS CaS Ca 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS 
[ARE IN INCHES AND INCLUDE THICKNESS 
‘OF PLATING, TOLERANCES ARE: 
Mat OK = ae 
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Sin/Cos - Fixed Point Card Deck 

The symbolic source card deck for this program is 2186634-1. 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A list of this program showing memory locations (relative 
to zero) octal representation and source card contents 
(ia symbolic language format) for each memory location used 
by the program is in Table 1. 

RADIO UsORATION OF AmsacICA 
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APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

SIN/COS - FIXED POINT 

FLOW CHARTS 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 

mene mee 2/86634 
at 
FRACTIONS = * ‘SHEET 

DEL 1263-3A (27/65) 



SET UP EXIT 
ADD 90° TO ARGUMENT 

SHIFT LEFT +1 AND 
COMPLEMENT. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. See aries wewuoe Tmeuess Cregeen A|49671| 2/86 634 
na 
FRACTIONS = + 

DEL 1263-34 (2/65) 
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TABLE I 

SATURN GROUND COMPUTER SYSTEM 

SIN/COS - FIXED POINT 

PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
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SECTION 2 

SQUARE ROOT-FIXED POINT 
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INTRODUCTION 

The fixed point Square Root routine extracts the square 
root from the 23 most significant bits of an argument in 
the left (L) and right (R) accumulators. The argument is 
initially normalized by the Square Root routine. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86635. This 
drawing, together with the reference documents, describes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

MATHEMATICAL METHOD 

Assume that the argument X is normalized 

Unpack X 
xi/2 2e 1/2 . £/° where L> £ > .25 

The first fractional approximation, Y,, to el? 46 given 

by £ + 1/4 - 1/2 (£ - 1/2)". ‘This is then followed by 
three Newtonian iterations of the form: 

= 

Yoo. 7 V2, + £/Y,) 

Maximum relative error is less than 107°, 

PROGRAM OPERATION 

Program Assembly and Loading 

This program is assembled by the SLAP2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object card deck, a product of the SLAP 2 
assembly, to load the program into core memory. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENsions | SIZE | CODE IDENT NO. 
ARE IN INCHES AND INCLUDE THICKNESS 2 /8 6 6 35 
OF PLATING. TOLERANCES ARE: 
ae Ks 
FRACTIONS = ANGLES == 1/22 
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Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence 

LOCATION OP CODE ADDRESS. 

a - Argument 
atl 

a+2 

TSP SQR 

Return 

(see below) 
(see below) 

The fixed point argument is in the left (L) 
and right (R) accumulators, scaled at an even 
number, Q. 

Argument: 

SQR Symbolic entrance in the Square Root subroutine. 

OUTPUT FORMAT 

The square root of the argument will be in the L, R 
accumulators scaled at Q/2. 

Error Alarm: If the argument is negative, the square root 
of the absolute value appears in the L, R accumulators 
scaled at Q/2 and the overflow indicator is set. 

MEMORY REQUIREMENTS 

See Program listing 
Index Registers used - none 

SQUARE ROOT - FIXED POINT - CARD DECK 

The symbolic source card deck for this program is 2186635-1. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. REIN INGHES AND INCLUDE THCRNESS 
A| 49671 ane mene poe 2186635 

Mae OK 
FRACTIONS =:t  ANGLES=+1/2° 
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APPENDICES 

Flow Chart 

Flow Chart for this program is in Appendix A. 

TABLES 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents 
(in symbolic language format) for each memory location 
used by the program. 

RADIO UunPORATION OF AmastiCA 
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APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

SQUARE ROOT - FIXED POINT 

FLOW CHARTS 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS ‘CODE IDENT NO. 
‘ARE IN INCHES AND INCLUDE THICKNESS Z 18 6 635 
OF PLATING. TOLERANCES ARE: 
Mae 2K 
FRACTIONS =x ANGLES= 1/29 
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CLEAR OVERFLOW INDICATOR 
ZERO OVERELOW SET LOCATIONS 

COMPLEMENT ARGUMENT 
LOAD OVERFLOW SET LOCATIONS 
WITH 20000000 

NORMALIZE ARGUMENT TO 
SATISFY CONDITIONS 1>F > .25 
AND STORE. 

DIVIDE THE NUMBER OF SHIFTS 
TO NORMALIZE BY 2 AND SAVE 

RADIO CORPORATION OF AMERICA, 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT 
ARE IN INCHED AND WICLUDE THICKNESS 49671 Ea 

met 2K = 
rections == motes=21/2 [SOME aes Cee 
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SHIFT NORMALIZED ARGUMENT 
RIGHT 1 POSITION 

CALCULATE FIRST APPROXIMATION 
Yy = £+ 1/4 - 1/2 (£-1/2) 

CALCULATE: 
You. 7 1/2 cm + £/¥,) 

DECREMENT XR6 BY 1 

IS XR6 = 0? 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS 
[ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 

20K se 
ANGLES = 1/2 



SCALE FINAL ANSWER AT Q/2 

IF ARGUMENT WAS NEGATIVE 
SET OVERFLOW 
LOAD L_& R WITH RESULTS 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 

Grrumnas Tourmncs ac «| A | 29671 2/86635 
mae kee 
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TABLE I 

SATURN GROUND COMPUTER SYSTEM 

SQUARE ROOT - FIXED POINT 

PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
‘ARE IN INCHES AND INCLUDE THICKNESS 2 18 66345 
OF PLATING. TOLERANCES ARE: 
Kt 200 
FRACTIONS ANGLES = 1/22 SHEET /2 
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SECTION 3 

EXPONENTIAL (2, e, 10)-FIXED POINT 



REVISIONS 

ZONE[LTR DESCRIPTION DATE | APPROVED 
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RADIO CURPORATION OF AMeRICA 

INTRODUCTION 

The purpose of the fixed point Exponential routine is to calculate 
the exponential to the base 2, e or 10 of an argument, X. 

This mathematical routine has been prepared to fulfill the require- 
ments of Specification Number CDV 86636. This drawing, together 
with the reference documents, describes the procedures for preparing 
program card decks and the method of utilizing same. 

The program flow chart shown in Appendix A describes the logic used 
to develop the program. 

MATHEMATICAL METHOD 

The argument is first converted to its base 2 equivalent using the 
identity: 

ie ot EE, ew os ie 

The result is then shifted to a scaling of 23 to obtain the form 
otf, if =z 2 2 

where i and £ are the integral and fractional parts of the argument. 

The following polynoninal is used to compute 2°* 

[ie 2d = .34657210 c. 

C, = .06006622 

C, = .00691806 

= .00061973 

C, = 000033177 

Cc, = .000004208 

%: 
| Cc, = 1.0000000 

6 

and i is used to scale the result since 2+ may be accomplished by 
a shift in a binary machine. 

For Xz 0, the relative error is no greater than 10% in magnitude, 
For xe. 0, the absolute error does not exceed 1076 
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PROGRAM OPERATION 

Program Assembly and Loading 

This program is assembled by the SLAP 2 System (2186651) using 
the symbolic card deck for this program. The SLAP 2 Loader uses 
the object card deck, a product of the SLAP 2 assembly, to load 
the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence 

Location OP Code Address 

a - Argument (see below) 
atl TSP Entry Points (see below) 
a+2 Return 

Argument - The fixed point argument is in the left (L) accumulator. 
The scaling of the argument is in the right (R) accumu- 
lator scaled at 23. The approximate maximum values 
are listed below: 

Base X Max 

2 22.99999 
e 15.94238 

10 6.923689 

Entry Points: The program has three entry points. Select one 
of the symbolic entry points listed below depend- 
ing upon the base desired. 

Entry 

EX2 
EXE 
EX10 
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|ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 

Oe 
ANGLES = 1/2° 



RADIO CORPORATION OF AMERICA 

DEL 1263-3A (2/65) 

OUTPUT FORMAT 

The result is in the L, R accumulators scaled at 23. 

Error Alarm: If the value of the argument is such that its ex- 
ponential value exceeds the capacity of the L accumulator, the 
overflow indicator is set and the L, R accumulators contain 
erroneous data. 

MEMORY REQUIREMENTS 

See Program listing. 
Index Registers Used - None 

EXPONENTIAL - FIXED POINT - CARD DECK 

The symbolic source card deck for this program is 2186636-l. 

APPENDICES 

Flow Chart 

The flow chart for this program is in Appendix A. 

TABLES 

Program Listing 

A listing of this program showing memory locations (relative to zero), 
octal representation and source card contents (in symbolic language 
format) for each memory location used by the program is in Table 1. 
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SAVE SCALE FACTOR, CONVERSION 
FACTOR AND ARGUMENT BASE 10 
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IS ARGUMENT SCALED AT 
GREATER THAN 21, 4? 

YES 

SCALE ARGUMENT AT 21 
CONVERT ARGUMENT TO BASE 2 AT 23 

AT 23 
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Introduction 

The purpose of the fixed point Arctangent routine is to 
calculate the arctangent z. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86637. This drawing, 
together with the reference documents, describes the 
procedures for preparing program card decks and the method of 
utilizing same. 

The program flow chart shown in Appendix A describes the logic 
used to develop the program. 

hematical Method 

The relative magnitudes of the two arguments are first 
determined. If the absolute value of the contents of A 
is less than the absolute value of the contents of B, then 

us A is found and the arctangent of u computed. If the 

oe @) 
(@) 

is found and the arcotangent of u is computed. The answer 

at this point is in either the first or fourth quadrant. 

The sign of the denominator of the input variable is then 

inspected and, if negative, 180 degrees are added to the 
result to obtain the final answer. 

relative magnitudes are not as stated above, then u = 

The following approximation is used: 
Z 2k-1 arctan u 2 Copy U 

C, = .15914533  C, = =,05302625 C, = .03152520 

C, =-.02106178 Cy = .01267292 C,, = --00534860 

Ci3 = .00108423 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
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Program Operation 

Program Assembly and Loading 

This program is assembled by the SLAP 2 System (2186651) 
using this symbolic card deck for this program. The SLAP 2 
Loader uses the object card deck, a product of the SLAP 2 
Assembly, to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program 

Control Program 

Calling Sequence 

Location OP Code Address 

_ Argument (see below) 
+1 TSP ATN (see below) 
+2 Return 

Argument - The fixed point value of the numerator, Y, is in 
the left (L) accumulator and the fixed point 
value of the denominator, X, is in the right (R) 
accumulator. Values Y and X may be at any scale, 
but the scaling must be identical. 

ATN - Symbolic entrance in the arctangent subroutine. 

Output Format 

The value of the arctangent ¥ will be in the left (L) 
accumulator in fractions of a circle scaled at 0. The 
result is not restricted to principal values, but may take 
on any value between -180° and 179.99998°. 

Maximum relative error is less than 107°, 

Approximate running time is 14.5 milliseconds. 

RADIO CORPORATION OF AMERICA 
UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
‘ARE IN INCHES AND INCLUDE THICKNESS 2 / 6 6 3 
OF PLATING. TOLERANCES ARE: 
Met 2K 
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Memory Requirements 

See Program listing. 
Index registers used - none 

Arctangent - Fixed Point - Card Deck 

The symbolic source card deck for this program is 2186637-1 

Appendices 

Flow Chart 

The flow chart for this program is in Appendix A 

Tables 

Program Listing 

A listing of this program showing memory locations (relative’ 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS CODE IDENT NO. 
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WAS Y NEGATIVE? 

COMPLEMENT AND STORE ABSOLUTE Y 

WAS X NEGATIVE? 

COMPLEMENT AND STORE ABSOLUTE X i 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS, CODE IDENT NO. 

Fae ba peu 49671| 2/86637 
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reactions == notes 21/27 [SCALE ee SHEET 
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LOAD X, SHIFT RIGHT 1 PLACE 
AND DIVIDE BY Y 

LOAD Y, SHIFT RIGHT 1 PLACE 
AND DIVIDE BY X 

SQUARE ARGUMENT 
AND STORE 

CALCULATE: 7 
arctan X = & Cc. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS CODE IDENT NO. 
JRE IN INCHES AND INGLUDE THICKNESS OF PLATING. TOLERANCES ARE: 49671 
Mee OO = 
FRACTIONS = ANGLES =1/2° SHEET 70 

DEL 1263-3A (2/65) 



RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
ARE IN INCHES AND INCLUDE THICKNESS sen me oe me 2186637 
Mae 200 = 
FRACTIONS == ANGLES=*1/2° SHEET _// 

OEL 1263-3 (2/65) 



TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

ARCTANGENT ROUTINE - FIXED POINT 

PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 

igi Ree 2186637 
FRACTIONS: ANGLES = + 1/22 SHEET /2 

DEL 1263-3A (2/65) 



NvAoMY 
-06 

138 

ov
ns
 

183
1 

3+ ay ga
qw
as
 

Nv
iD
¥y
 

3u
B1
S 

JWIaNAred 4073430 

T 
Ly 
aavas 

aauynos 

LNaMnDMY 

34¥B1s 

T Av aa7v9s iNaKnouy auais x” an 1NBW373 w3DUVT HBs 183 vad 138 

X 
48 

ania 
aunesav 

139 x 3uBLS 
A 48 

anqvn 
3inresey 

3401s a Byes 

aba 

ANY 
ovcoocaza= aNLY 

any 
ane 0 

NyL 

ow 

4N31NO9 
GYV9 

9170NAS 

‘YOOTENY 30 NOLLVERAUGO O1GVEL 

CODE IDENT NO, 
49671 

y ol 
Ae) © % 

2120 ANGLES: =s 
Cord 
FRACTIONS 

DEL 1263-3A (2/65) 



a> 
Ly 

ezpeoto0" 

f+ 
iy 

ezozorso"~ 
2 

ay 
cece Tet” 

aauvnos 
iNaHnday F x ovis 

wOLyoIONI 
mo74¥3A8 

13538 
O-4y 

gaivos 
nviauy INYMOYNO GWE do ONE NI NYLOMY Ing 

ANYuGYNO 

Hin 

4B 
IST 

NI 
NYLOUY 

3A¥3T 

x 
49 

wots 
1831 

rsycocoto 
vetcsozso vtvogctso 

gevseeeso 
2ttottozo 

vestese9o vsz9cer20 ony 
Tee ie 

ANY 

0000000%d= 

Bee ee 
xNLY 

2000000» 
0d00002 rsyeocot pztesoes 

vTwOscte 

geresses zttortoe 

vesteces 

wsegceve 

2/86637 | = 5 aS 
UNLESS OTHERWISE SPECIFIED: DIMENSIONS, 
ARE IN INCHES AND INCLUDE THICKNESS 
‘OF PLATING. TOLERANCES ARE: 

SHEET /4 = 1/20 ANGLES: 



SECTION 5 

LOG X (2, e, 10) ROUTINE-FIXED POINT 



REVISIONS 

DESCRIPTION DATE | APPROVED 

FIRST MADE FOR 

USED ON 

NEXT ASSY 

DRAWN 

ER Hawa 31 AUG 6S 
CHECKED DATE 

DESIGN ACTIVITY APPD REL | SIZE | CODE IDENT NO. 

pi Uardirford 3 Aes) A| AQGTI 

DEL 1263-1 (2-65) 
SHEET 1 OF 73 



LI
ST

_O
F 

MA
TE
RI
AL
S 

OR
 

PA
RT

S 
LI
ST
 

QT
Y 

RE
QD

 
PA
RT
 

OR
 

% 
VE

ND
OR

 
IT
EM
 

— 
SE

E 
SO
UR
CE
 

CO
NT
RO
L 

OR
 

SP
EC
 

CO
NT
RO
L 

OW
G 

50
4]
50
3]
50
21
 

. 
ID
EN
TI
FY
IN
G 

NO
. 

NO
ME

NC
LA

TU
RE

 
OR
 

DE
SC
RI
PT
IO
N 

‘S
PE

CI
FI

CA
TI

ON
 

2
1
8
6
6
5
3
 

S
A
T
U
R
N
 

G
R
O
U
N
D
 

C
O
M
P
U
T
E
R
 

S
Y
S
T
E
M
 

S
P
E
C
I
F
I
C
A
T
I
O
N
 

F
O
R
 

S
A
T
U
R
N
 

V.
 

CO
MP

UT
ER

 
PR

OG
RA

MS
 

21
86
63
8-
1 

LO
G 

X (2
, 

e, 10
) 

RO
UT
IN
E 

- 
FI

XE
D 

PO
IN
T 

S
Y
M
B
O
L
I
C
 

C
A
R
D
 

D
E
C
K
 

2
1
8
6
6
5
1
 

S
A
T
U
R
N
 

G
R
O
U
N
D
 

C
O
M
P
U
T
E
R
 

S
Y
S
T
E
M
 

SL
AP
-2
 

SY
ST

EM
 

C
D
V
_
8
6
6
3
8
 

C
E
I
 

D
E
T
A
I
L
 

S
P
E
C
I
F
I
C
A
T
I
O
N
 

M
A
T
H
E
M
A
T
I
C
A
L
 

R
O
U
T
I
N
E
 

LO
G 

X (2
, 

e, 10
) 

RO
UT

IN
E 

F
I
X
E
D
 

P
O
I
N
T
 

RADIO CORPORATION OF AMERICA 

DEL 1263—2A 



SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 

LOG X (2, e, 10) ROUTINE - FIXED POINT 

Prepared Under Contract NAS 8-13007 
for 

National Aeronautics and Space Administration 
Marshall Space Flight Center 

Huntsville, Alabama 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
‘ARE IN INCHES AND INCLUDE THICKNESS. 2/383 6 6 IES 
OF PLATING. TOLERANCES ARE: 
Kae 2K 
FRACTIONS = ANGLES=+1/2° 

DEL 1263-3 (2/65) 



TABLE OF CONTENTS 

Introduction 

Mathematical Method 

0 Program Operation 
1 Program Assembly and Loading 

a2 Program Control 
es Control Program 
2 Calling Sequence 

Output Format 

Memory Requirements 

Log X (2, e, 10) - Fixed Point - Card Deck 

Appendices 
Flow Chart 

5 Tables 
1 Program Listing 1 

RADIO CORPORATION OF AMERICA 
‘SIZE | CODE IDENT NO. UNLFSS OTHERWISE SPECIFIED: DIMENSIONS 

ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING, TOLERANCES ARE: 
XK it 20K 
FRACTIONS ANGLES=+1/2° 

DEL 1263-3 (2/65) 

2186638 
[sewed *d TS 



RADIO CORPORATION OF AMERICA 

DEL 1263-3 (2/65) 

Introduction 

The purpose of the fixed point Log X routine is to calculate 
the logarithm to the base 2, e or 10, of an argument X. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86638. This drawing, 
together with the reference documents, describes the procedures 
for preparing program card decks and the method of utilizing 
same. 

The program flow chart shown in Appendix A describes the logic 
used to develop the program. 

Mathematical Method 

The argument X is tested and if greater than zero, is 
normalized. This reduces the argument to the form: 

where se XS 1 

and b = binary scaling 

The following approximation is used_to compute log X: 
3 

2K-1 4. log, X = Coy U =F 

pe ke NI 
x + Ni/2z 

28853913 

0.96147063 

0.59897865 
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[ARE IN INCHES AND INC 

The result (characteristic) is scaled at 5 and multiplied by 
the proper conversion factor since 

log,A = log, X = log ,2 

The scaling factor is computed and added to the characteristic 
and scaled at 5 for the final answer. 

Program Operation 

Program Assembly and Loading 

This program is assembled by the SLAP 2 system (2186651) using 
the symbolic card deck for this program. The SLAP 2 Loader 
uses the object card deck, a product of the SLAP 2 Assembly, 
to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence 

Location OP Code Address 

= Argument (see below) 
2. TSP Entry Points (see below) 
+2 Return 

Argument - The fixed point argument, X, is in the left (L) 
accumulator. The scaling of the argument is in 
the right (R) accumulator scaled at 23. 

Entry Poiats- The program has three entry points. Select one 
of the symbolic entry points listed below 
depending upon the base desired 

Base Entry 

LG2 
LGE 

(CLUDE THICKNESS 
OF PLATING, TOLERANCES ARE: 
Kat 
FRACTIONS = 
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Output Format 

The result is in the L accumulator scaled at 5. 

Error Alarm: If the value of the argument is zero or 
negative or if the characteristic is greater than 31,9» 
the overflow indicator will be set and the L and R 
accumulators will contain erroneous data. 

Memory Requirements 

See Program listing. 
Index Registers Used - none 

Log X (2, e, 10) - Fixed Point - Card Deck 

The symbolic source card deck for this program is 2186638-1 

Appendices 

Flow Chart 

The flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 
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DETERMINE CHARACTERISTIC BY SUB~- 
TRACTING NORMALIZE CONSTRANT 
FROM ORIGINAL SCALE FACTOR 

COMPLEMENT CHARACTERISTIC 
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TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

LOG X (2, e, 10) ROUTINE - FIXED POINT 

PROGRAM LISTING 
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Introduction 

The purpose of this document is to define the areas common 
to a group of mathematical subroutine written in a floating- 
point format. 

Description 

Floating Point Number 

A floating point binary number (X) is represented by a signed 

proper fraction (M) times some integral power (c) of 2. In 
a normalized floating point number the binary point is posi- 

tioned to the left of the most significant digit of (M). 

Examples: 

X (binary) M (binary) 2° (decimal) 

+001 -100 

-.001 +100 

+100 +100 

1.01 -101 

110. .110 

000. .000 

In the computer a floating point binary number appears in the 
L and R register as follows: 

L-register R-register 

s | Character- | Most significant s | Least significant 
istic part of fraction part of fraction 

23. 22 12 ll 0 23° 22 0 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
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The fraction is contained in bits 0 through 11 in the L-register 
and bits 0 through 22 in the R-register. The sign of the 
fraction is contained in the sign bits of both the L and the 
R-registers. The characteristic is formed by adding 2000, 
to the exponent (c). For example an exponent of 100g 
would be represented by a characteristic of 2100g. A zero 
number has no bits in either the L or R-registers. A negative 
number is expressed by complementing the absolute value of the 
fraction and the characteristic together. 

Example: 
L-register R-register 

1 expressed in floating point 20014000 00000000 

-1 expressed in floating point 57764000 40000000 

Subroutine 

Each subroutine is described individually in detail. Associated 
with each subroutine is an identification code. This symbolic 
ID code is used in the calling sequence for entry into the 
subroutine. 

In the calling sequence, the various error returns are 
described. The terms overflow and underflow frequently are 
given as error returns. Overflow refers to the condition in 
which the characteristic exceeded 3777g. Underflow refers to 
the condition in which the characteristic is less than 0. 

The only restrictions for any of the subroutines will be that 
they require that other subroutines be available. For example, 
BCD uses the DVD and FEX subroutines, hence these two sub- 
routines must be available when using the BCD subroutine. 

The floating point subroutines assume all arguments to be in 
the floating point binary format. The output of each of the 
subroutines will be in normalized floating point binary format. 
While the arguments of the subroutines need not be in 
normalized floating point, greater accuracy will result if 
they are normalized. 

RADIO CORPORATION OF AMERICA 
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All of the subroutines are written in SLAP-2 (2186651) 
assembly language. 

The subroutines use a restricted set of defined symbols, thus 
allowing them to be assembled together and with other programs. 
The symbols used within any one subroutine are defined by the 
SLAP-2 ID of that subroutine and the symbol "COM." Each 
symbol has as its first three letters the subroutine's 
SLAP-2 ID. For example, the only symbols used in the square 
root subroutine, FSR, are: 

FSR 

FSRA 

FSRB 

FSR9 

The "COM" symbol is used for temporary storage required by 
subroutines common to this system. The requirements of this 
common temporary storage is defined in each subroutine as 
temporary space required in memory. The symbol "COM" appears 
in the location field and the address field of the subroutines 
requiring this temporary storage. 
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To utilize this common storage by a program using more than 
one of these subroutines, the following steps should be taken: 

a) Remove the card, which has the COM symbol defined in the 
location field, from the symbolic source card deck of 
each floating point subroutine. 

Remove the END card from each program. 

Insert one card, which has the COM symbol defined in the 
location field, representing the largest number of 
temporary storage locations required for any one subroutine 

d) Assemble as given under Program Assembly for each 
subroutine. 

System Subroutines 

The subroutines associated with this Floating Point System are 
listed below: 

Program 
Program Number 

Binary Coded Decimal to Floating Point Binary 2186639 

Floating Point Binary to BCD Floating Format 2186640 

Floating Point Add or Subtract 2186641 

Floating Point Multiplication 2186642 

Floating Point Divide 2186643 

Floating Point Square Root 2186644 

Floating Point Sin or Cosine 2186645 

Floating Point Arctangent 2186646 

Floating Point Common Logarithm or Natural Logarithm 2186647 

Floating Point Exponential, E* 2186648 

Floating Point Tangent or Cotangent 2186649 

Double Precision Divide 2186650 

RADIO CORPORATION OF AMERICA 
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Identification 

ID: BCD 

Introduction 

The purpose of "Binary Coded Decimal to Floating Point 
Binary" program is to convert a floating point binary 
coded decimal number into binary floating point format. 
This allows floating point numbers to be entered into 
the computer in a decimal floating point notation. 

This program conforms to the specifications of the Floating 
Point System (2186654). 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86639. This drawing, 
together with the reference documents, describes the pro- 
cedures for preparing program card decks and the method of 
utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

To change a Binary Coded Decimal floating point number to 
binary floating point number, the following procedure is 
fo Llowed : 

First compute the value of the input mantissa, M,, and the 
input characteristic, C,. 

10 
= 19720 a, 1010t Ma i 
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The value of the binary floating point number, X, is 

X= My 10° 

xo My 20a (Log, 10) 

x= M, 2° 24 where Cy is an integer, 

C, Using e* subroutine to evaluate 2°4 

200 = M, 2N where Cy is an integer, 

Cc CN x=M c B M, 2 2 

Combining tems 

X=M 2° whece C=C +¢, 

MMi Me 

N 

Program Operation 

Program Assembly and Loading 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program and the 
associated subroutines (Section 7.0). The SLAP 2 Loader 
uses the object program card deck, a product of the SLAP 2 
assembly, to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 
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Control Program 

Calling Sequence: 

Location Operation Address 

a TSP BCD (see below) 
atl #5 M,T (see below) 
at2 Return 

BCD - Symbolic entrance in the Binary Coded Decimal to 
Floating Point Binary Subroutine. 

M is the address of the first word of the BCD (Binary Coded 
Decimal) character table of four words which defines one 
floating point number. 

T (04 T4 6) is the index tag modifying M. 

Input Data errors are indicated by an overflow 'ON' condition 
upon returning from subroutine. Overflow will be 'RESET! if 
there are no input data errors. 

The BCD character table is in the following format in memory. 

Location 23 18 17 12 ll 6 5 0 

M 

Sign of the mantissa in BCD. It can be +, -, 
or space. 

Most significant digit of the mantissa in BCD 

Least significant digit of the mantissa in BCD. 

Sign of the characteristic in BCD. It can be +, 
-, or space. 
Most significant digit of the characteristic in BCD. 

RADIO CORPORATION OF AMERICA Lease significant digit of the characteristic in BCD,| 
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Output Format 

Normal return: 

The normalized floating point number equivalent to the speci- 
fied BCD number will be in the L and R registers upon return. 

Error Return: 

a. The characteristic of the BCD number is greater than or 
equal to 1024. The L register will be positive upon 
return. 

The characteristic of the BCD number is less than -1024. 
The L register will be negative upon return. 

Memory Requirements 

Program: See program listing 

Temporary Space: 14 core memory locations 

Restrictions 

This program uses the following floating point subroutine: 

Name 1D Number 

Exponential, E* 2186648 

Timing 

Approximate timing: 100.9 milliseconds 

“Binary Coded Decimal to Floating Point Binary" Card Deck 

The symbolic source card deck for this program is 2186639-1 . 
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Appendices 

Flow Chart 

Flow Chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card content (in 
symbolic language format) for each memory location used by 
the program is in Table l. 
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SCALED AT ZERO. 
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NEGATIVI 

COMPLEMENT Cc 

COMPUTE EXPONENT 
OF FLOATED NUMBER 
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NEGATIVE 

SET L 
IS Cy <- 1024? REGISTER 

No 

SET L 
REGISTER 
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DEL 1263-34 (2/65) 

Identification 

ID: BIN 

Introduction 

The purpose of the Floating Point Binary to BCD Floating 
Format program is to convert a floating point binary quantity X 
into a Binary Coded Decimal floating point format. 

This program conforms to the specifications of the Floating 
Point System (2186654). 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86640. This drawing, 
together with the reference documents, describes the procedures 
for preparing program card decks and the method of utilizing 
same. 

The program flow charts shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

To convert a binary floating point number to a Binary Coded 
Decimal floating point format, the following procedure is 
followed. 

The floating point binary number is represented thusly: 

i =~ m2? 

x = mio? 108 2 

x = M1022 1073 where Dj is an integer 

D3 is a fraction 
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Using the EX subroutine to evaluate 1023 = e231n10 

X = mig22_P3In10 

x= F 1072 where F = MeD31"10 

F< 10 

1s IfF = 1, set F= F + 10 and D) = Dy 

Since ib 

F=)) x10! 
i=l 

successive multiplication by 10 yields the M, terms. 

Since 
Bei Do = Do 6,10 

ii 
successive division by 10 yields the C, terms. 

Program Operation 

Program Assembly and Loading 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program and the 
required associated subroutine (Section 7.0). The 
SLAP 2 Loader uses the object program card deck, a product 
of the SLAP 2 Assembly, to load the program into core 
memory. 

Program Control 

This program is used as a subroutine by a control program. 

RADIO CORPORATION OF AMERICA 
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Control Program 

Calling Sequence: 

With the floating point binary quantity, X, in the left (L) 
and right (R) accumulators 

Location Operation Address 

TSP BIN (see below) 
+1 KS M,T (see below) 
+2 Return 

BIN - Symbolic entrance in the Floating Point Binary to BCD 
Floating Format subroutine. 

M is the address of the first word of the BCD (Binary Coded 
Decimal) character table of four words which is defined by 
the given floating point binary number. 

T (O£ T€ 6) is the index tag modifying M. 

Overflow 'ON' indicates input error. Overflow will be reset 
on the normal return. 

The BCD character table is in the following format in memory: 

23 location 18 O67 2 

M 

RADIO CORPORATION OF AMERICA 
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Sign of the mantissa in BCD. It can be - or space. 

Most significant digit of the mantissa in BCD. 

- Least significant digit of the mantissa in BCD. 

Sign of the characteristic in BCD, It can be - or 
space 

Most significant digit of the characteristic in BCD 

Least significant digit of the characteristic in BCD 

Output Format 

The binary Coded Decimal floating point format of the given 
binary floating point number has been stored in table 
specified by the address M of the calling sequence. 

The contents of the (L) and (R) registers have been destroyed 
by the subroutine. 

Memory Requirements 

Program: See Program Listing 

Temporary Space: 12 core memory locations 

Restrictions 

This program uses the following floating point subroutine: 

Name 1D Number 

Exponential, EX 2186648 

RADIO CORPORATION OF AMERICA 
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Timing 

Approximate Timing: 99.6 milliseconds 

Floating Point Binary to BCD Floating Format Card Deck 

The symbolic source card deck for this program is 2186640-1 

Appendices 

Flow Chart 

Flow Chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by the 
program is in Table 1. 
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APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT BINARY TO 

BCD FLOATING FORMAT 

FLOW CHARTS 
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1S THE NUMBER = 0 7 

18 THE NUMBER 
NEGATIVE 7 

=D, + Dy 
COMPLEMENT Dy IS INT., 
THE NUMBER a Dg 38 FRACT. 

ea Fae 
SET THE SIGN D4 ® Dg In 10 
OF THE SCALED AT 
MANTISSA, Two 
Mg, MINUS 

[NORMALIZE D, 
GET THE ‘ LET ya NUMBE! 
MANTISSA, M lor SHIFTS TO 

a” [NORMALIZE 

FLOAT NORMALIZED 
GET THE COMPLEMENT Dy. (102G-y)= CHAR. 
CHARACTERISTIC ID Dy = MANT. 

q 1 
ueustHe | SET SIGN OF 
CHARACTERISTIC CHAR. Cs, | 
|D = CHAR. - 1024 NEGATIVE 

D LESS THAN ZERO ? aes 

HSE "|a|49671| 2/86640 
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WAS Cy = NEGATIVE 
y= INTEGER 

PART OF (10f) 
FRACTIONAL 

STORE SIGN OF 
CHARACTERISTI 

‘SIGN 7 
YES 

COMPLEMENT, 

STORE XIN 
Derr. MOST SIGNIF. 
COUNTER BY PART OF 
ONE. CHAR. er! 
18 DIGIT COUNT= 107 

INCREASE 

2 
(suieT THE 
CHAR. DIGITS 
RIGHT 6 
PLACES 

STORE SIGN OF 
IMANTISSA WITH 
JMANTISSA DIGITS 

1S CHARACTERISTIC 
ZERO? 

SET SIGN OF 
CHAR, PLUS 

INCREASE 
DIGIT 
COUNTER BY 
ONE 

DIGIT COUNT = 3 ? 

STORE FLOATE! 
NUMBER IN 
SPECIFIED 
ADDRESS 
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SATURN GROUND COMPUTER SYSTEM 
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Identification 

ID: FAD or (FSB) 

‘ Introduction 

The purpose of the Floating Point Add or (Subtract) program 
is to compute the floating point sum, X + Y, or the 
remainder, X ~ Y, where both X and Y are floating point 
arguments. 

This program conforms to the specifications of the Floating 
Point System, 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86641. This drawing, 
together with the reference documents, describes the pro- 
cedures for preparing program card decks and the method 
of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Program Operation 

Program Assembly and Loading 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck, to load the 
program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 
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Control Program 

Calling Sequenc: 

With the floating point argument, X, in the left (L) and 
right (R) accumulators, 

Location Operation Address 

a TSP FAD or (FSB) 
(see below) 

5 M, T (see below) avy 
at2 Return 

FAD - Synbolic entrance in the Floating Point Add subroutine 

FSB - Symbolic entrance in the Floating Point Subtract 
subroutine. 

M is the address of Y the addend or (subtrahend) 

T (0$ T< 6) is the index tag modifying M 

Output Format 

Error return: 

An error return is indicated by overflow 'ON'. 

a. Overflow condition exists. The (L) register will be 
positive upon return, 

Under flow condition exists. The (L) register will be 
negative upon return, 

Normal return: 

Normal condition is indicated by overflow 'OFF'. 

The sum or (remainder) of the two arguments, X and Y, will 
be in the L and R registers upon return, The result will 
be in normalized floating point format. 

ARE IN INCHES AND INCLUDE THICKNESS 
TOLERANCES ARE: 



Memory Requirements 

Program: see program listing 

Temporary Space: 7 core memory locations 

Restrictions 

None 

Timing 

Approximate Timing - 5.25 milliseconds 

Floating Point Add or (Subtract)Card Deck 

Symbolic source card deck for this program is 2186641-1 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents 
(in symbolic language format) for each memory location 
used by the program is in Table 1. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
[ARE IN INCHES AND INCLUDE THICKNESS 2 18 664d { 
OF PLATING. TOLERANCES ARE: 
st OK = 
FRACTIONS = ANGLES=+1/2° 

DEL 1263-30 (2/65) 



APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT ADD OR (SUBTRACT) 

FLOW CHARTS 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO, 
‘ARE IN INCHES AND INCLUDE THICKNESS Of na ToLeRances me CIB 664/ 
hae OK = 
FRACTIONS =:  ANGLES= 1/22 

DEL 1263-34 (2/65) 



TORE SE STORE X —p) PICKUP Y 
ARGUMENT ARGUMENT ARGUMENT 

aS 
SET A NOP NOP IF FAD 
COMMAND FOR CMB IF FSB 
Y ARGUMENT 

(oeT THEY 
18 X NEGATIVE? IMANTISSA, M 

JAND SCALE 
|AT ONE 

ae 
N= CX- CY 

PICKUP Y 
ARGUMENT 

GET THE X 
CHAR Cx 18 Y NEGATIVE YES 
AND SCALE 
AT 23 YES wnze? 

NO 

|GET X MANTISSA,| jCOMPLEMENT 
MX AND SCALE Y Rr ONE COMPLEMENT 

BUILD LDB 
|COMMAND TO 
PICK UP ¥ 
ARGUMENT 

GET THEY 
CIIAR., CY. 
SCALE CY 
AT 23 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS: CODE IDENT NO. 
[ARE IN INCHES AND INCLUDE THICKNESS 
(OF PLATING. TOLERANCES ARE: 49671 
Mat 20% 
FRACTIONS =:  ANGLES=+1/2° 

DEL 1263-3 (2/65) 



= 
SET ReMY NORMALIZE Z 

Sa MX _——-p) P= NUMBER 
OF SHIFTS 

IS Z EQUAL TO ZERO ? 

18 N NEGATIVE? 
a2 

BUILD SBA 
COMMAND TO 
SHIFT N 
PLACES 

7 
13 N>457 

7 DERFLOW. ERROR 
18 CHAR, NEGATIVE? BET L REGISTER) RETURN 

|GATIVE 
YES 

BCuAR 2 s0ie) er a necisren 

COMBINE Z wiTH NORMAL 
CHAR 

RADIO CORPORATION OF AMERICA 
UNLESS OTHERWISE SPECIFIED: DIMENSIONS | CODE IDENT NO. pauls ore Seer: Me arn ee oe ee 49671 ? / 86 6 g / 
ase = 
FRACTIONS = + ANGLES = SHEET /O 

DEL 1263-3 (2/65) 



TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT ADD OR (SUBTRACT) 

~ PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. -| 

sammomamerme™ | al agg71| C/B66F/ | 
FRACTIONS ‘SCALE [SHEET 77 

DEL 1263-30 (2/65) 



anory 
aaL4IHs 

aovs 38 1SNW 
xm “YBTIVKS 
SI LNAHNDUY 
x sexova 

= 
—_3ALLY93N_41_(A2=xQ)_1N3M37dNBD 

waGWAN 
Isa0BVT 
3Mi 
Si x GT uassNvEL 
Dovd 

SHEET /2 

‘SN 4B DELSTUSLVYWHD BB TTR KD BKL *SN7d 31 GeKOD 

09900, 

cor 

05900, xo ave o¥900 Tay aw aueis os900 T Lv AW YSSLLNYW 37v9S 

02900 

01900, 
DLLSTYaLoveWHD 

aML 
Ane 

LovMLx3 00900 
wal.ovalens 
Si Simi 
41 4 1NaWaTaNBD 

06500, 
Aa 

9314 900 
2 1v 4d 38015, 
02600, 
22 
Av Ga

s
 

‘49 
‘DI,st¥azovUNHD 
A 130 

BATLYOaN 
41 

4 
LNaW3TeNOD ANaunouy 4_avo7 T LY xk 3801s BAY XW ‘YSSIINYH 39¥95 

DTASIMaLOVUWHD 
BHA 

Lng 
LovMsKE x dn xold 

- £2 Ly xo auels £2 Lv gatas ‘x9 ‘o11stuaLovuYHD x 130 

[seen] 2186047 | 

ALLVOaN 
41 

xX 4NaW37aHOD ANBWNOWY A ¥O4 NBLLONYLSNI 4ON 130 ae Nalitdgy wed AMLNa 

00000 ¢ 00 Tr00 0 cst 

s2t0 

0 
20y 

9000 

0 
zey 
9000 0 zor 2yt0 0 cay 0000 ¢ 00 

£129 

ANBHNOWY 4 MOS NBTLONWISNI BHD 130 "XK SUBIS *WOTLDVULANS wes A¥INE 

ANGLES: 

(1ovaiens) ye cov LNIBd ONT 

adA1] W190 

AN3LNOD 

Gu¥D 

OIT0aMAS 

Tau! 

AvoNan 

* 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS 

Me 
FRACTIONS 

ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 

* 

‘VOREaNY 30 NOLLVUOdUCO O1GVE 



BEING ADDED 
must 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | CODE IDENT NO. | R 

SSeS |,|a0671| /BOS4/ | 
Os 

marseeve [sae [eer 



~ |r ¥ |e 0 | 

0 0) ~ N 
‘CODE IDENT NO, 
49671 

1/28 

x
 

a y
a
a
 

SS
3u
dg
y 

in
e 

TW
 

we
s 

xs
¥H

 
DT
AS
TY
aL
OV
UW
HD
 

we
d 

¥S
YH

 

ANGLES: 

0000 0 tot 

=t FRACTIONS 

"YORI 
20 NDLLVUOSUCD O1GVE 



SECTION 10 

FLOATING POINT MULTIPLICATION 



REVISIONS 

DESCRIPTION APPROVED 

FIRST MADE FOR 

NEXT ASSY 

OEE NO, RADIO CORPORATION OF AMERICA 
NAS 8-13007 NEW YORK, NY—VAN NUYS PLANT 

DRAWN DATE 

SATURN GROUND COMPUTER SYSTEM 
i 2SEP 65) 

(idles MATHEMATICAL ROUTINE CHECKED DATE 
D/ A DTronr eseeus| FLOATING POINT MULTIPLICATION 

DESIGN ACTIVITY APPD el | SIZE | CODE IDENT NO. 

2/86 642 
DEL 1263-1 (2-65) 



LI
ST

 
_O
F 

M
A
T
E
R
I
A
L
S
 

OR
 

PA
RT
S 

LI
ST
. 

QT
Y 

RE
QD
’ 

PA
RT

 
OR
 

* 
VE

ND
OR

 
IT
EM
 

— 
SE

E 
SO
UR
CE
 

CO
NT

RO
L 

OR
 

SP
EC
 

CO
NT

RO
L 

DW
G.
 

ID
EN

TI
FY

IN
G 

NO
. 

N
O
M
E
N
C
L
A
T
U
R
E
 

OR
 

D
E
S
C
R
I
P
T
I
O
N
 

SP
EC

IF
IC

AT
IO

N 

21
86

65
3 

SA
TU

RN
 

GR
OU
ND
 

CO
MP

UT
ER

 
SY

ST
EM

 
S
P
E
C
I
F
I
C
A
T
I
O
N
 

F
O
R
 

S
A
T
U
R
N
 

V 

C
O
M
P
U
T
E
R
 

P
R
O
G
R
A
M
 

21
86
65
4 

SA
TU
RN
 

GR
OU
ND
 

CO
MP
UT
ER
 

SY
ST
EM
 MATHEMATICAL ROUTINE 

FLOATING 

POINT 

SYSTEM 

21
86
65
1 

SA
TU

RN
 

GR
OU
ND
 

CO
MP
UT
ER
 

SY
ST
EM
 

SL
AP
-2
 

SY
ST
EM
 

21
86
64
2-
1 

FL
OA
TI
NG
 

PO
IN
T 

MU
LT
IP
LI
CA
TI
ON
 

SY
MB
OL
IC
 

CA
RD

 
DE

CK
 

CD
V 

86
64

2 
CE

I 
DE
TA
IL
 

SP
EC

IF
IC

AT
IO

N MA
TH

EM
AT

IC
AL

 
RO
UT
IN
E 

FL
OA
TI
NG
 

PO
IN
T 

MU
LT

IP
LI

CA
TI

ON
 

‘SIZE [
 CODE 

IDENT 
NO. 

RADIO CORPORATION OF AMERICA 

DEL 1263—2A 



RADIO CORPORATION OF AMERICA 

SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 

FLOATING POINT MULTIPLICATION 

Prepared Under Contract NAS 8-13007 
for 

National Aeronautics and Space Administration 
Marshall Space Flight Center 

Huntsville, Alabama 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 

Sr UNG TOLERANCES ARE! 2/8 CbC6O4FZ 

DEL 1263-3A (2/65) 



TABLE OF CONTENTS 

Identification 

Introduction 

Mathematical Method 

Program Operation 
Program Assembly and Loader 
Program Control 

Control Program 

Output Format 

Memory Requirements 
Program 
Temporary Space 

Restrictions 

Timing 

Floating Point Multiplication Card Deck 

Appendices 
Flow Charts 

Tables 
Program Listing 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
ARE IN INCHES AND INCLUDE THICKNESS a/ 6692 
OF PLATING. TOLERANCES ARE: 
at Bos 
FRACTIONS =: ANGLES=+1/2° 

DEL 1263-3A (2/65) 



RADIO CORPORATION OF AMERICA 

Identification 

ID: FMP 

Introduction 

The purpose of the Floating Point Multiplication program is 
to compute the floating point product XY where X and Y are 
both floating point numbers. 

This program conforms to the specifications of the Floating 
Point System, 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86642. This 
drawing, together with the reference documents, describes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

For ease of notation, let M designate the most significant 
part and L the least significant part of the multiplicand X. 
Similarly, let R designate the most significant part and 
S$ the least significant part of the multiplier Y. 

XY = MR + (MS + LR) 

Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck, to load the 
program into core memory. 
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Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence: 

With the multiplicand X in the left (L) and right (R) 
accumulators, 

Location Operation Address 

a TSP FMP (see below) 
if 5 M,T (see below) 
2 Return 

art 
a+ 

FMP - Symbolic entrance in the Floating Point Multiplication 
subroutine. 

M is the address of the multiplier, Y, 

T (0S TS 6) is the index tag modifying M. 

Output Format 

Error return: 

An error return is indicated by overflow 'ON'. 

a.  Underflow condition exists. The (L) register will be 
negative upon return. 

b. Overflow condition exists. The (L) register will be 
positive upon return. 

Normal return: 

Normal return is indicated by overflow 'OFF'. 

The product of XY will be in the (L) and (R) registers 
upon return. The product will be in normalized floating 
point format. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
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Memory Requirements 

Program: see program listing 

Temporary Space: 10 core memory locations 

Restrictions 

None 

fet 

Approximate timing: 6.4 milliseconds 

Floating Point Multiplication Card Deck 

Symbolic source card deck for this program is 2186642-1. 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 
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Identification 

ID: FDV 

Introduction 

The purpose of the Floating Point Divide program is to 
compute the floating point quotient of X + Y where both 
X and ¥ are floating point numbers. 

The program conforms to the specifications of the Floating 
Point System, 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86643. This 
drawing, together with the reference documents, describes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

For ease of notation, let M designate the most significant 
part and L the least significant part of the divisor Y. 

tb AO] 
Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck to load the 
program into core memory. 
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Program Control 

This program is usec as a subroutine by a control program. 

Control Program 

Calling Sequence: 

With the dividend X in the left (L) and right (R) accumulators 

Location Operation Address 
a TSP FDV (see below) 
atl eS, M,T (see below) 
at+2 Return 

FDV - Symbolic entrance in the Floating Point Divide 
subroutine. 

M is the address of the floating point divisor Y. 

T (O€ T¢ 6) is the index tag modifying M. 

Output Format 

Error return: 

An error return is indicated by over*low 'ON'. 

The divisor is zero. The L and R registers are both 
zero upon return. 

Underflow condition exists. The L register will be 
negative upon return. 

Overflow condition exists. The L register will be 
positive non-zero upon return. 

Normal return: 

A normal return is indicated by overflow 'OFF'. 

The quotient of X + ¥ will be in the L and R registers upon 
return. The quotient will be in normalized floating point 
format. RADIO CORPORATION OF AMERICA 
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Memory Requirements 

Program: see program listing 

Temporary Space: 10 core memory locations 

Restrictions 

None 

Timing 

Approximate timing: 9.85 milliseconds 

Floating Point Divide Card Deck 

Symbolic source card deck for this program is 2186643-1 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 
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MATHEMATICAL ROUTINE 
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Identification 

ID: FSR 

Introduction 

The purpose of the Floating Point Square Root program is to 
compute the floating point square root of X where X is in the 
floating point format. 

The program conforms to the specifications of tie Floating 
Point System 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86644. This drawing, 
together with the reference documents, describes te procedures 
for preparing program card decks and the method of utilizing 
same. 

The program flow chart shown in Appendix A descri‘es the logic 
used to develop the program. 

Mathematical Method 

Assume that the argument X is normalized although this is not 
a program requirement. If the argument is not normalized, it 
will immediately be normalized. 

Unpack X, 

xh/2 2 gyt/? ell? where 1> € > 125 =a 

The firet fractional approximation, yqs to £!/? is given by 
£+ 1/4 - 1/2(£ - 1/2)%. This is then followed by three 
Newtonian iterations of the form: 

£ 
Yep tle, oy 

RADIO CORPORATION OF AMERICA 
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RADIO CORPORATION OF AMERICA 

Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck, to load the program 
into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence: 

With the argument X in the left (L) and right (R) 
accumulators, 

Location Operation Address 

a TSP FSR (see below) 

atl Return 

FSR - Symbolic entrance in the Floating Point Square 
Root subroutine. 

5.0 Output Format 

Error Return: 

An error return is indicated by overflow 'ON'. 

The argument X was negative. The L and R register will 
contain the negative argument. 

Normal Return: 

A normal return is indicated by overflow 'OFF'. 

The square root of the argument X will be in the L and R 
registers upon return. The square root will be in normalized 
floating point format. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. SSS ores any mecooe rneuness Aruna TOLERANCES ARE 2a/SB664YS 
sas 

DEL 1263-3A (2/65) 



RADIO CORPORATION OF AMERICA 

DEL 1263-34 (2/65) 

Memory Requirements 

Program: see program listing. 

Temporary Space: 12 core memory locations. 

Restrictions 

None 

Timing 

Approximate timing: 26.6 milliseconds. 

Floating Point Square Root Card Deck 

Symbolic source card deck for this program is 2186644-1. 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program shown memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 

UNLESS OTHERWISE SPECIFIED: Dimensions | SIZE | CODE IDENT NO. 
ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 
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RADIO CORPORATION OF AMERICA 

DEL 1263-30 (2765) 

Identification 

ID: FSN or (FCS) 

Introduction 

The purpose of the Floating Point Sine or (Cosine) is to 

compute the floating point sine or (cosine) of a floating 
point radian argument X. 

The program conforms to the specifications of the Floating 
Point System 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86645. This 
drawing, together with the reference documents, describes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

To evaluate sin X, the argument X is first adjusted in the 
following manner: For positive X, change from radians to 
parts of a circle. 

& = K + L where K is an integer and L < 1. 

4 L= 1+ F where I is an integer and F< 1. 

If1l=0, let z= 

If1= 1, let Zz 

If1l= 2, let Zz 

If1 = 3, let Z 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. | 
‘ARE IN INCHES AND INCLUDE THICKNESS OF PLATING. TOLERANCES ARE: A| 49671 

OK ot 
ANGLES=+1/2° [SCALE 



Mathematical Method (Cont'd) 

Sin X = ggat 
nei 

0.999999999979082 

-0. 166666666092171 

00083333307 30723 

0.00019 8408338222 

0..000002752401177 

-0.000000023868930 

To compute cosin X, the following relationship is used: 

cosin X = sin (x + 5] 

For negative X, the following relationships are used: 

sin (+ X) = - sin X 

Sin (- X) = cos X 

Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck to load the 
program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

RADIO CORPORATION OF AMERICA 
CODE IDENT NO. 

49671| Z2/86645 | 
a a 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS. 
ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 
st 
FRACTIONS = 2 
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Control Program 

Calling Sequence: 

With the angle in the left (L) and right (R) accumulators, 

Location Operation Address 

a TSP FSN or FCS (see below) 
atl Return 

FSN - Symbolic entrance in the Floating Point Sin subroutine. 

FCS - Symbolic entrance in the Floating Point Cosin subroutine. 

Output Format 

Error Return: 

An error return is indicated by overflow 'ON'. 

the |x| >2™*. 

Normal Return: 

A normal return is indicated by overflow 'OFF'. 

The sine or (cosine) of the argument X will be in the L and 
R registers upon return. The sine or (cosine) is in 
normalized floating point format. 

Memory Requirements 

Program: see program listing 

Temporary space: 12 core memory locations 

Restrictions 

None 

Timing 

Approximate timing: 39.3 milliseconds 
RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
‘ARE IN INCHES AND INCLUDE THICKNESS. 2/186 6 qd 5 
OF PLATING, TOLERANCES ARE: 
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Floating Point Sine or (Cosine) Card Deck 

Symbolic source card deck for this program is 2186645-1. 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 4 
ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING, TOLERANCES ARI 4 
Mee 
FRACTIONS = ot 

DEL 1263-3A (2/65) 



APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT SINE OR (COSINE) 

FLOW CHART 
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CHARACTERISTIC| © 

RADIO CORPORATION OF AMERICA 
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BITS). CALL THIS 
FRACTION F 
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CHANGE f INTO 
RADIANS, ADJUST f COMPUTE THE 
R=f(3) SCALED cr CHARACTERISTIC 

2 rm 3-1@) T—# 1 025- 
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18 THIS SIN? 
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COMPUTE 
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INDICATION in p 
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NORMALIZE 
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TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT SINE OR (COSINE) 

PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 
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SECTION 14 

FLOATING POINT ARCTANGENT 



REVISIONS 
DESCRIPTION DATE | APPROVED 

AEE Cp 

linea 60 SEE ENGINEERING CHANGE NOTICE 
CLASS II, DCS 642 
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CONTRACT NG, RADIO CORPORATION OF AMERICA 
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DRAWN DATE 
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DESIGN ACTIVITY APPD REL | SIZE | CODE IDENT NO. 
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LIST _OF MATERIALS OR PARTS LIST 

QTY REQD 

504) 

503) 

PART OR 

IDENTIFYING NO. 

2186653 

%* VENDOR 
ITEM — 

SEE 
SOURCE 

CONTROL 
OR 

SPEC 
CONTROL 

DWG. 
N
O
M
E
N
C
L
A
T
U
R
E
 

OR 
D
E
S
C
R
I
P
T
I
O
N
 

‘SPECIFICATION 

SATURN 
GROUND 

COMPUTER 
SYSTEM 

SPECIFICATION FOR SATURN V 

COMPUTER PROGRAM 

2186654 

SATURN 
GROUND 

COMPUTER 
SYSTEM 

MATHEMATICAL ROUTINE FLOATING POINT SYSTEM 

2186651 

SATURN 
GROUND 

COMPUTER 
SYSTEM 

SLAP-2 SYSTEM. 

21
86
64
6-
1 

FLOATING 
POINT 

ARCTANGENT 
SYMBOLIC 

CARD DECK 
|
 

C
D
V
8
6
6
4
6
 

CEL DETAIL SPECIFICATION. 

MATHEMATICAL 
ROUTINE 

FLOATING 
POINT 

ARCTANGENT 
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Identification 

ID: FRT 

Introduction 

The purpose of the Floating Point Arctangent is to compute 
the floating point arctangent of the quotient (X + ¥). X and 
Y¥ are both floating point arguments of the subroutine. 

The program conforms to the specifications of the Floating 
Point System 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86646. This drawing, 
together with the reference documents, describes the procedures 
for preparing program card decks and the method of utilizing 
same. 

The program flow chart shown in Appendix A describes the logic 
used to develop the program. 

Mathematical Method 

x= 2%. x where 1> pl 

y= 2". y where 1 > |y| 

forN>M, Z= 5 and K= 0. 

NeM, Z= and K= 1, 

for | <(v2-1), t=ZandL= 

kl Scvr-n, re GR and L= 1, 

RADIO CORPORATION OF AMERICA 
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Mathematical Method (Cont'd) 

Compute 1, 

do+t? (a1 + (2 2K) +x ( 2 2 th+d, tet (to +d 3), 

0.999999999996107 

-0.015585371018178 

2100554087 165198 

1.621023833634443 

0.585315 135071831 

-0.419003002282544 

Final adjustment is made for which quadrant was specified by 
X and Y as follows: 

for Y>0, X>0, arctan 

Y>0, X<0, arctan 

¥<0, X<0, arctan 

Y<0, X>0, arctan ee Ted ed 

Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program and the 
associated subroutine (Section 7.0). The SLAP 2 Loader 
uses the object program card deck, to load the program 
into core memory. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
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DEL 1263-3A (2/65) 



Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence: 

With the floating point argument ¥ in the left (L) and 
right (R) accumulators: 

Location Operation Address 

TSP FRT (see below) 
#5, M,T (see below) 

Return 
+1 
+2 

FRT - symbolic entrance in the Floating Point Arctangent 
subroutine. 

M is the address of the argument X 

T (02 Té 6) is the index tag modifying M. 

Qutput Format 

Error Return: 

An error return is indicated by overflow 'ON'. 

Both arguments equal zero X= 0, Y= 0. The L register is 
Zero upon return. 

Normal Return: 

A normal return is indicated by overflow 'OFF'. 

The arctangent of ¥ = X will be in L and R registers upon 
return. The arctangent will be in normalized floating point 
radians. The range of the arctangent is 0 to 2m radians. 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE II IDENT NO. a 
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RADIO CORPORATION OF AMERICA 

Memory Requirements 

Program: see program listing 

Temporary Space: 14 core memory locations 

Restrictions 

This program uses the following floating point subroutine: 
Name D Number 

Double Precision Divide DvD 2186650 

Timing 

Approximate timing: 49.2 milliseconds maximum. 

Floating Point Arctangent Card Deck 

Symbolic source card deck for this program is 2186646-1 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents 
(in symbolic language format) for each memory location used 
by the program is in Table 1. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | 
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NORMALIZE MX, 
NX IS NUMBER 
OF SHIFTS 

b 
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TERROR GET CHAR oF} EXIT 

PICKUP X 
ARGUMENT 
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TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT ARCTANGENT 

PROGRAM LISTING 
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FLOATING POINT COMMON LOGARITHM 

OR (NATURAL LOGARITHM) 



REVISIONS 

DESCRIPTION ZONE|LTR APPROVED. 

FIRST MADE FOR 

NEXT ASSY USED ON 

CONTRACT ND RADIO CORPORATION OF AMERICA 
NAS 8-13007 NEW YORK, NY —VAN NUYS PLANT 

DRAWN DATE 
Lu 9 AUS ES SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 
FLOATING POINT COMMON LOGARITHM 

OR (NATURAL LOGARITHM) 
DESIGN ACTIVITY APPD 1a SIZE [CODE IDENT NO 

pxiVandogfand s50rtt | a! 49671| OC/866 A 7 
SHEET 1 OF /@ 

DEL 1263-1 (2-65) 



LI
ST
 

_O
F 

MA
TE
RI
AL
S 

OR
 

PA
RT
S 

LI
ST
 

QT
Y 

RE
QD
 

PA
RT

 
OR
 

%
*
 

VE
ND
OR
 

IT
EM
 

— 
SE
E 

SO
UR
CE
 

CO
NT

RO
L 

OR
 

SP
EC

 
CO

NT
RO

L 
DW
G 

50
4 

[50
3, 

. 
ID

EN
TI

FY
IN

G 
NO

, 
N
O
M
E
N
C
L
A
T
U
R
E
 

OR
 

DE
SC
RI
PT
IO
N 

SP
EC
IF
IC
AT
IO
N 

21
86
65
3 

SA
TU
RN
 

GR
OU
ND
 

CO
MP
UT
ER
 

SY
ST
EM
 

SP
EC
IF
IC
AT
IO
N 

FO
R 

SA
TU
RN
 

V 
CO
MP
UT
ER
 

PR
OG
RA
M 

21
86
65
4 

SA
TU
RN
 

GR
OU

ND
 

C
O
M
P
U
T
E
R
 

SY
ST

EM
 

|
 

2186651 

SL
AP
-2
 

SY
ST
EM
 

21
86
64
7-
1 

FL
OA
TI
NG
 

PO
IN
T 

CO
MM
ON
 

LO
GA
RI
TH
M 

OR
 

(N
AT
UR
AL
 

LO
GA

RI
TH

M)
 

SY
MB
OL
IC
 

CA
RD
 

DE
CK
 

CD
V8
66
47
 

CE
I 

DE
TA
IL
 

SP
EC
IF
IC
AT
IO
N MA

TH
EM
AT
IC
AL
 

RO
UT
IN
E 

FL
OA
TI
NG
 

PO
IN
T 

CO
MM
ON
 

LO
GA
RI
TH
M 

OR
 

(N
AT
UR
AL
 

LO
GA
RI
TH
M)
 

‘SIZE | CODE IDENT NO. 

A\49671| 
o
/
P
O
O
L
Z
 

RADIO CORPORATION OF AMERICA 

DEL 1263—2A 



RADIO CORPORATION OF AMERICA 

SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 

FLOATING POINT COMMON LOGARITHM 

OR (NATURAL LOGARITHM) 

Prepared Under Contract NAS 8-13007 
for 

National Aeronautics and Space Administration 
Marshall Space Flight Center 

Huntsville, Alabama 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS CODE IDENT NO. 1 eS mee moss Me nies To ances ee 49671| 2/8664 7 
sad mind 
Faces a en 

DEL 1263-3A (2/65) 



TABLE OF CONTENTS 

Identification 

Introduction 

Mathematical Method 

Program Operation 
Program Assembly and Loader 
Program Control 

Control Program 

Output Format 

Memory Requirements 
Program 
Temporary Space 

Restrictions 

Timing 

Floating Point Common Logarithm or (Natural 
Logarithm) Card Deck 

Appendices 
Flow Chart 

Tables 
Program Listing 

RADIO CORPORATION OF AMERICA 
UNLESS OTHERWISE SPECIFIED: DIMENSIONS | 
ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 
Mee 
FRACTIONS = = 

DEL 1263-3A (2/65) 



Identification 

ID: FLG or (FLN) 

Introduction 

The purpose of the Floating Point Common Logarithm or 
(Natural Logarithm) is to compute the floating point common 
log or (natural log) of a number X which is in floating 
point format. 

The program conforms to the specifications of the Floating 
Point System 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86647. This drawing, 
together with the reference documents, describes the pro- 
cedures for preparing program card decks and the method of 
utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

The argument X is reduced as follows to yield the natural 
log of X. 

x= 2. F where 1/22 FC 1 

In x = N 1n2 + InF 

InF= in Vi/2+1n (3) where T = 
i-f 

w(tet)er fase? (0+ ep 
(+ T°) 

A = 1.999999999491255 

B = 0.109078890502997 

C = -0.777314001005492 

D = -1.394065145176107 RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
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Mathematical Method (Cont'd) 

To compute the common log, the following relationship is used: 

log X = log e InX 

Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program and the 
associated subroutine (Section 7.0). The SLAP 2 Loader 
uses the object program card deck, a product of the SLAP 2 
Assembly, to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

Control Program 

Calling Sequence: 

With the floating point argument X in the left (L) and right 
(R) accumulators, 

Location Operation Address 

a TSP FLG or (FLN) 
(see below) 

atl Return 

FLG ~ symbolic entrance in the Floating Point common 
logarithm subroutine 

FIN - symbolic entrance in the Floating Point natural 
logarithm subroutine 

RADIO CORPORATION OF AMERICA 
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Output Format 

Error Return: 

An error return is indicated by overflow 'ON'. 

a. The argument X is zero. The L register contains 
(40000000) and the R register contains (40000001) 
upon return. 

The argument X is negative. The L and R registers 
contain the log of the absolute value of X. The log 
is in floating point format. 

Normal Return: 
A normal return is indicated by overflow 'OFF’. 

The common logarithm or (natural logarithm) of the argument 
X is the L and R registers upon return. The log will be in 
floating point format. 

Memory Requirements 

Program: see program listing 

Temporary Space: 13 core memory locations 

Restrictions 

This program uses the following floating point subroutine: 

Name ID Number 
Double Precision Divide 2186650 

Timing 

Approximate Timing: 

FLN - 32.6 milliseconds 
FLG - 36.0 milliseconds 

RADIO CURPORATION OF AMERICA 
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Floating Point Common Logarithm or (Natural Logarithm) 
Card Deck 

Symbolic source card deck for this program is 2186647-1 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card contents (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 

RADIO CORPORATION OF AMERICA 
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APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT COMMON LOGARITHM 

OR (NATURAL LOGARITHM) 

FLOW CHART 
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Dvp suB 
S1eC/{DeT?) 
SCALED 
AT ZERO 

SET NORMALIZE| 
FACTOR 
Cana 

GET CHAR 
OF X, Cx, 

C= CX -1024 
+1LN COMPUTE 

J2= B+ CT? +D) 
SCALED AT ZERO 

c20C Ind 
SCALED AT 
a 

nx @ Cin2 
inf 

SCALED AT 11 

FPCL/NL2 

‘al 49671| 2/86OL7 
EE (eZ 
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log X= 
(ta) (loge) 
SCALED AT 2on iL 

‘NORMALIZE 
tnx 
LET C3 = No. 
OF SHIFTS: 

eaves 
SCALE In x 
AT. 

RESTORE 
INDEX 7 

CHARACTERISTIC 
OF InX = 
C4-C391024 

WAS InX = 07 

NO 

MERGE InX 
AND Ee 
CHARACTERISTIC 

FPCL/NL3 

a a ee 73 
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Ident: 

ID: FEX 

Introduction 

The purpose of the Floating Point Exponential, E*, program 
is to compute the floating point exponential E* of a 
floating point argument, X. 

The program conforms to the specifications of the Floating 
Point System 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86648. This 
drawing, together with the reference documents, describes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

To compute E*, the argument X is first reduced to a fixed 
point number. 

x= 2M 

X= M) where M, is a fixed point number. 

Change the exponent of E to an exponent of 2 

p= Alga) 

= 22 +3 where M, is an integer and |M,J <1. 

EX = M2. gltg(1n 2) 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. IRE IN INGHES AND INCLUDE THICKNESS 186698 
OF PLATING. TOLERANGES ARE! 2 
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Mathematical Method (Cont'd) 

Let f= 

Then EX = 22. 

Evaluating Ef, 

fee te andreas et [ay 2 
(D + £°) 

2.000000000000575924 
0049962489 136450764 

4.903154798968682648 
42.013532895 041661680 

For positive xX, 

eX = M2. 

For negative X, 

EX = M2. (2) 
E 

Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program and the 
associated subroutine (section 7.0). The SLAP 2 Loader 
uses the object program card deck, a product of the SLAP 2 
assembly, to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. ARE IN INCHES AND INGLUDE TMICNNESS 2/8 6643 OF PLATING. TOLERANGES AE: 
20K 
ANGLES= ++ 1/2° 
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Control Program 

With the floating point argument X in the left (L) and 
right (R) accumulators, 

Operation Address 

a TSP FEX (see below) 
atl Return 

FEX - Symbolic entrance in the Floating Point Exponential, E*, 
subroutine 

Output Format 

Error return: 

An error return is indicated by overflow 'ON'. 

X> 709.98 = (1023) In 2. The L register will contain 
(37777777) upon return. 

Normal return: 

A normal return is indicated by overflow 'OFF'. 

The exponential of the argument X will be in the L and R 
registers upon return. The exponential will be in normalized 
floating point format. 

Memory Requirements 

Program: see program listing 

Temporary Space: None 

Restrictions 

This program uses the following floating point subroutine: 

Name ID Number 

Double Precision Divide DvD 2186650 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. 
[ARE IN INCHES AND INCLUDE THICKNESS, ]}) / SE Oo OLE 
(OF PLATING. TOLERANCES ARE: 

OK = se 
ANGLES = 1/22 



Timing 

Approximate timing: 41.4 milliseconds maximum 

Floating Point Exponential, E%, Card Deck 

Symbolic source card deck for this program is 2186648-1. 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card content (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 

RADIO CORPORATION OF AMERICA 
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APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT EXPONENTIAL E* 

FLOW CHART 
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BET PLUS-MINUS| 
‘O INDICATE 

IPLus 

18 X NEGATIVE? 

YES 
—. 

|COMPLEMENT 
IX, THE ARG 

fer pm Frag 
|TO INDICATE 
|MINUS 

¥ EN SET 1 INTO LD ee ee us _ ° eR 
GET THE 
UNBIASED SET LTO 
CHAR. ,C 37777777 
C=CHAR, -1024 

1B © NEGATIVE? er’) 

Bon esa [BUILD A SHIFT] GET MANTISSA COMPUTE UTR A lcommanp M, SCALED AT} 1 coacican Issa -c one ™(in2) 
T ¥ 

FPEL 
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SEPARATE M (2) 

PART M2, AND Jr (Beca (Dery M2 NEGATIVE 
ERACTION, M3 [SCALED AT 3 

7 ‘COMPUTE ‘ADJUST EXPONENT 

reesei PrAcH@se Sirrenmnors 
SCALED AT 9 AEA an M2eM2-1 

: + 4 
COMPUTE NORMALIZE e 
Pt (-O) THis 1s MANTISSA 
SCALED AT 3. oF eX, LETN= 

NUMBER OF SHIFTS| 

DIVIDE VD) (COMPUTE THE 
2t-4P-) IcHAR. OF eX, 
SCALED AT 3 CHAR = 1026 + 

w2—N 

eR are 214(P-9 MERGE MANTISSA 
SCALED AT 3 AND CHAR. 

rooe THER 

WAS THE ARGUMENT 
X NEG? 

‘COMPUTE 
Fae 

COMPUTE SCALED ATI 
B+c+(De ft) 
SCALED AT -2 

RADIO CORPORATION OF AMERICA 
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TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT EXPONENTIAL E* 

PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 
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Identification 

ID: FIN or (FCT) 

Introduction 

The purpose of the Floating Point Tangent or (Cotangent) 
program is to compute the floating point tangent or 
(cotangent) of a floating point radian argument, X. 

Tie program conforms to the specifications of the 
Floating Point System 2186654. 

This mathematical routine has Leen prepared to fulfill 
the requirements of Specification Number CDV 86649. This 
drawing, togeter with the reference documents, Jescribes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes 
the logic used to develop the program. 

RADIO CORPORATION OF AMERICA 

ARE IN INCHES AND INGLUDE THICKNESS a] 
OF PLATING, TOLERANCES ARE: 
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3.0 Mathematical Method 

To evaluate tan X, the following procedure is followed: 
x (2) = 21+ K+ 2 where Izl <o 

Kl =0or1 

I is an integer 
for |z|< .5, set S = Oandw= |2| 

IZ] = .5, sete S=landw= (1 - kl ) 

X<0,K=lsetJ=1 
X20, K=0 set J=1 
X<0,K=O0set J=-1 
X20, K=1 set J=-1 

S=1,K=lorS=0,K=0 
X= wW/S (w?) a 

1, K=0orS=0, K=1 
X= S(W)/w.s 

Where 

sW)-atw {b+ 

a = 0.636619772367597 

b 0.07319486991705 

c + 885605722768290 

d 14..870268625197861 

e 57 .818691387368667 

£ 9.32191895364603 

Cotangent is evaluated by the following relationship. 

Cotangent X = 1/tangent X 

RADIO CORPORATION OF AMERICA 
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Program Operation 

Program Assembly and Loader 

This program is assem»led ty the SLAP 2 System (2186651) 
using the symbolic card deck for this program and the 
associated su:routine (Section 7.0). The SLAP 2 Loader 
uses the object program card deck, a product of the 
SLAP 2 assembly, to load the program into core memory. 

Program Control 

This program is used as a subroutine by a control program. 

Control Program 

With the floating point radian argument, X, in the left (L) 
and right (R) accumulators, 

Location Operation Address 

TSP FTN or (FCT) 
(see below) 

atl Return 

Symbolic entrance in the Floating Point Tangent 
subroutine 

Symbolic entrance in the Floating Point Cotangent 
subroutine 

RADIO CORPORATION OF AMERICA 
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Output Format 

Error Return: 

An error return is indicated by overflow 'ON'. 

a. The [x] > 26 radians. The L register will be 
positive upon return. 
Te iKkl< gt ont: attempting to evaluate cotan, 
an error return is given. The L register will be 
negative upon return. 
If |x| = N. 7/2, where N is odd, while evaluating 
tan X, an error return will be given. The L regis- 
ter will be negative upon return. 

If |x| = N. 17/2, where N is even, while evaluating 
cotan X, an error return will ‘e given. The L regis- 
ter will be negative upon return. 

Normal Return: 

A normal return is indicated »y overflow 'OFF'. 

The tangent or (cotangent) of the argument X will de 
in the L and R registers upon return. The tangent or 
(cotangent) will be in normalized floating point format. 

Memory Requirements 

Program: see program listing 

Temporary Space: 13 core memory locations 

Restrictions 

This program uses the following floating point subroutine: 

Name Number 

Double Precision Divide 2186650 

RADIO CORPORATION OF AMERICA 
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Timing 

Approximate timing: 41.2 milliseconds 

Floating Point Tangent or (Cotangent) Card Deck 

Symbolic source card deck for this program is 2186649-1. 

Appendices 

Flow Chart 

Flow chart for this program is in Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card content (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 
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APPENDIX A 
SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT TANGENT OR (COTANGENT) 
FLOW CHART 
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TANGENT? 

——_2__, 

SAVE ABSOLUTE 
VALUE OF 
ARGUMENT NO 

“s ICHARACTERISTIC,| T 
c 

SET L REGISTER 
NEGATIVE 

WC +35<07 (COTAN OF 0) 

RADIO CORPORATION OF AMERICA 
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‘ARE IN INCHES AND INCLUDE THICKNESS 
OF PLATING. TOLERANCES ARE: 
= 200 = 
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STORE IN C1 
SBA (C-1) 

STORE INC 
AND C2 
RBA (46+1-c) 

i 
GET MANTISSA| 
M AND SCALE {¢———— 
AT ZERO 

Bs 
™(?) SHIFT KINTO 

7 sicn Bit AND stone 
q [PARRY ouT 

SCALED AT 
ZERO 

[CALCULATIONS 
[ro compuTE 
PROPER VALUE] SCALE W AT | 

L__J 

Kew 
SCALED AT 
ONE 

FPT/C2 

RADIO CORPORATION OF AMERICA 
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CLUSIVE OR K BIT 
AND SIGNS OF S. 13 
RESULT NEGATIVE? 

EXCLUSIVE OR K BIT 
AND SIGN OF 
RESULT NEGATIVE? 
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TABLE I 
SATURN GROUND COMPUTER SYSTEM 

FLOATING POINT TANGENT OR (COTANGENT) 
PROGRAM LISTING 
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SECTION 18 

DOUBLE PRECISION DIVIDE 



REVISIONS 

DESCRIPTION APPROVED 

$ ira 
w 
[ay < 
= 
bE 
D 
3 ira 

fa 3 2 
E 
inl z 

DRAWN DATE 

EM. Fite 3 SEP 65 
CHECKED. DATE 

DESIGN ACTIVITY APPD 5 
& Seer oS | 
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SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 

DOUBLE PRECISION DIVIDE 

2/86 650 
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LIST 
OF 

M
A
T
E
R
I
A
L
S
 

OR 
PARTS 

LIST 

QTY 
REQD 

PART 
OR 

“* VENDOR 
ITEM 

— 
SEE 

SOURCE 
CONTROL 

OR 
SPEC 

CONTROL 
DWG. 

504 
]503 

IDENTIFYING 
NO. 

N
O
M
E
N
C
L
A
T
U
R
E
 

OR 
D
E
S
C
R
I
P
T
I
O
N
 

SPECIFICATION 

2186653 SATURN GROUND COMPUTER SYSTEM 

SPECIFICATION FOR SATURN V 

COMPUTER 

PROGRAM 

2186654 SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 

FLOATING 

POINT 

SYSTEM 

2186651 SATURN GROUND COMPUTER SYSTEM 

SLAP-2 SYSTEM 

2186650-1 DOUBLE PRECISION DIVIDE 

SYMBOLIC CARD DECK 

CDV 86650 CEI DETAIL SPECIFICATION 

MATHEMATICAL ROUTINE. 

DOUBLE PRECISION DIVIDE 

SIZE |
 CODE 

IDENT NO. 

RADIO CORPORATION OF AMERICA 

DEL 1263—2A 



RADIO CORPORATION OF AMERICA 

SATURN GROUND COMPUTER SYSTEM 

MATHEMATICAL ROUTINE 

DOUBLE PRECISION DIVIDE 

Prepared Under Contract NAS 8-13007 
for 

National Aeronautics and Space Administration 
Marshall Space Flight Center 

Huntsville, Alabama 
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DEL 1263-3A (2/65) 

Identification 

ID: DVD 

Introduction 

The purpose of the Double Precision Divide program is to 
compute the double quotient of the double precision dividend 
R and the double precision divisor S. 

The program conforms to the specifications of the Floating 
Point System 2186654. 

This mathematical routine has been prepared to fulfill the 
requirements of Specification Number CDV 86650. This 
drawing, together with the reference documents, describes 
the procedures for preparing program card decks and the 
method of utilizing same. 

The program flow chart shown in Appendix A describes the 
logic used to develop the program. 

Mathematical Method 

For ease of notation, let M designate the most significant 
part and L the least significant part of the divisor S. 

2 “e[-@-@] 
Program Operation 

Program Assembly and Loader 

This program is assembled by the SLAP 2 System (2186651) 
using the symbolic card deck for this program. The SLAP 2 
Loader uses the object program card deck, a product of the 
SLAP 2 Assembly, to load the program into core memory. 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS CODE IDENT NO. 
ARE IN INCHES AND INCLUDE THICKNESS oF ee pa aor 2/E6650O 

20% 
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Program Control 

This program is used as a subroutine by a control program. 

Control Program 

With the dividend R in the left (L) and right (R) accumulators, 

Location Operation Address 

TSP DVD (see below) 
5, M,T (see below) 

Return 

DVD - symbolic entrance in the Double Precision Divide 

M is the double precision divisor S 

T (04 T 6) is the index tag modifying M 

Output Format 

Error Return: 

An error return is indicated by overflow 'ON'. 

The dividend is larger than, or equal to the divisor. The 

difference, (S - R), is the L and R registers upon return. 

Normal Return: 

A normal return is indicated by overflow ‘OFF’. 

The quotient, (R +S), is in the L and R registers upoa 
return. The qu>tient is scaled at (J - K) where J is the 
original scaling of the dividend and K is the original 
scaling of the divisor. 

RADIO CORPORATION OF AMERICA 
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Memory Requirements 

Program: see program listing 

Temporary space: none 

Restrictions 

The absolute value of the dividend must be smaller than that 
of the divisor. 

Timing 

Approximate Timing: 7.9 milliseconds 

Double Precision Divide Card Deck 

Symbolic source card deck for this program is 2186650-1 

Appendices 

Flow Chart 

Flow chart for this program is in’ Appendix A. 

Tables 

Program Listing 

A listing of this program showing memory locations (relative 
to zero), octal representation and source card content (in 
symbolic language format) for each memory location used by 
the program is in Table 1. 
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APPENDIX A 

SATURN GROUND COMPUTER SYSTEM 

DOUBLE PRECISION DIVIDE 

FLOW CHART 
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STORE SIGN 
ae IS S NEGATIVE? 

i DIVIDEND, R 

Ps ’ 
IS R NEGATIVE? 

ICOMPLEMENT| 

[COMPLEMENT 
R 

NO 

PICKUP ADDRESS: ¥ 
OF DIVISOR. 
BUILD LDB M,T COMPUTE 
COMMAND. YS 

Ms 
a 

NORMALIZE MS. 
MS SCALED AT -N. 
N IS NUMBER 
OF SHIFTS 

a ee 

STORE SIGN 
OF s | NORMALIZE LS. 

18 SCALED AT -M. 
M IS NUMBER 
OF SHIFTS 

i N.B: 
Let MB denote most 

i significant part of 8; 
18, least significant i an 

i 
UNLESS OTHERWISE SPECIFIED: DIMENSIONS CODE IDENT NO. AMEN INGHES AND INGLUDE THICRNESS 
OF PUNTING. TOLERANCES ARE- 49671 7/8 6620 
ae 0 = 
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COMPUTE 
BUILD SBA COMMAND R (4)-@) Is ms) ~ (ms 
TOSCALE 45 SCALED AT 
@2+M-N) (Q-M+N) 

@ 
SHIFT LS RIGHT 
JONE. LS SCALED 
AT (-M-1) 

EXECUTE SBA| 
COMMAND |, 
TO SCALE 52 

i to 
B ‘COMPUTE COMPUTE 5 mR si (28) 215 

SCALED AT ‘3 Ms’ MS |\Ms/ ~ M5] 
1-M+N SCALED AT 0 

¥ 
COMPUTE 
SCALED AT 
2(1-M+N) 

‘SIGN OF DIVIDEND = 
SIGN OF DIVISOR? 

¥ ICOMPLEMENT| 
EXECUTE R 
SBA COMMAND 5 

1s roscate tS 

‘ a) COMPUTE 
1s)? _ 8) (i) ~ i 

SCALED AT 
Q-M+ny 

RADIO CORPORATION OF AMERICA 
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TABLE 1 

SATURN GROUND COMPUTER SYSTEM 

DOUBLE PRECISION DIVIDE 

PROGRAM LISTING 

RADIO CORPORATION OF AMERICA 

UNLESS OTHERWISE SPECIFIED: DIMENSIONS | SIZE | CODE IDENT NO. - snus gues een on terre 2/EE66S80 | 
tee 0 
oer 

DEL 1263-3A (2/65) 

‘SHEET // 



*N
ew
=T
 

Ly 
a3
7v
9S
 

sh
es
7 

‘S
H'
S 

48 
Lu
vd
 

AN
VO
IS
IN
DI
S 

IS
@H
 

AG 
3O
TA
IC
 

*S
1'
S 

48 
Lu
vd
 

AN
VO
IS
IN
OI
S 

4s
va
7 

gn 
vo
le
 

(N
ec
e2
2)
 

va
s 

“sues atv9s 

AVéadoud 

81 
NELLoMMISNI 

YES 

CTINe 

*S
LA
IM
S 

48 
W3
EN
NN
 

ST
YN
DR
 

H 
‘Y
BS
IA
LO
 

3H
L 

48 
LU
Vd
 

AN
VD
IS
IN
OI
S 

18
¥3
7 

3H
L 

321
 

TY
HU
EN
 

*S
LA
IM
S 

48 
YB
BN
ON
 

SI
N 

“Y
eS
TA
IG
 

3K
 

40 
Hi
ve
 

AN
VO
TS
IN
DI
S.
 

18
0H
 

BM
A 

AZ
I 

TH
U 

wa
iS
io
au
-w
 

341
 

NI 
ou
aZ
 

30
v7
g 

“I
NV
DT
SI
ND
IS
 

18
¥3
7 

3H
L 

‘S
HO
U 

U
S
 

“A
NY
OI
AI
NO
IS
 

18
0M
 

AH
L 

‘S
Ko
u 

au
aL
s 

SW
ow
 

ai
ng
we
d ma

rs
ua
ne
 

13
5 

*w
an
ia
s_
ye
uy
a 

*a
9u

v7
 

ge
, 

aN
aa
ia
ra
 

NY
HL
 

wa
9M

v7
- 

ST 
ON
aG
 

@ 
BH
L 

48 
an

a 
au

ne
: 

BA
LL
YO
IN
 

41 
wa
Si
AI
G 

3M
i_
1N
3W
31
GH
BD
 

WO
SI
AI
O 

34
1 

48 
NOIS 

3H
1 

Su
aL
S 

wa
SI
AI
G 

3,
 

Ov
OT
 

% 
*O
NS
GI
AI
G 

48
 

3n
7V
A 

ai
nr
es
ev
_a
us
is
 

BA
LL
YD
IN
 

41 
QN
3Q
IA
IG
 

HL
 

1N
SM
3T
EH
OD
 

GN
S0
IA
IG
 

46 
MO
IS
 

aM
L 

3¥
BL
S 

Se
xo
ng
 

s+
xa
ng
 

t 
ve
xo
ng
 

‘go
ad 

va
ag
 

“e
xo
n 

Ge
xa
ng
 ée

xa
nd
 

ve
xO
Ad
 

ge
xa
ng
 ye

xa
ng
 

se
xa
ng
 

“e
xo
n 

Se
xa
ng
 

9e
xO
Ad
 

Te
xa
n 

se
xa
na
 

fe
e 

Ze
xu
ag
 

se
xa
ng
 Te

xa
Ad
 

‘aa
ng 

Tee
 tes

 Te
xa
ag
 

ve
xa
nd
 

aoe gexdng 

41
N3

1N
O9

 
Gu
vo
 

oI
0a
MA
S 

EP
rS
Y 

BE
T)
 

00
00
 

x 
oo qv190 

AMOWaM 

| 2/86650 | 
CODE IDENT NO. 

A| 49671 
SHEET /2 ANGLES = = 1/2° 


