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THE USE OF SUBROUTINES WITH THE BENDIX G-15

TITLE 3-13"57 No.

L. Exit:

The Specification Sheets will give the word time at which the Return
Command will be executed. The "N" of the Return Command should specify the
location and (for G-15A, the source) (for the G-15D, the characteristic) the

command line of the main routine to which control is to be returned.

5. Scaling:

Numbers in the G-15 are generally scaled so that they appear as fractions
(less than 1.0) within the machine. Some subroutines may specify whether
their inputs (and/or outputs) are to be scaled with either a binary or

decimal scaling factor.

6. Short lLine Use:

Many of the Subroutines will make use of the fast access lines. Generally
such use will be noted in the Specification Sheets. Information stored there
by the programmer prior to subroutine entry will have been destroyed by the
execution of the subroutine. The information if retention is desired, should

be placed in storage locations not used by the subroutine.
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Los Angeles 45,California Paze_é_ of _5_
G-15D Prepared by Robert ., Margolin Data:__&k_sj_
PROGRAM PROBLEM : LXAMPLE - USE OF SUBEQUTINE Line
— —— 4
0 i 2 3 L [P tL, NI|C} S | D |BP NOTES
4 5§ 6 7 || ez | 05 &2 | 25 T x:107% = 20,02 —¥3y1Dy
8 8 0 My o7 J o9 |oloo | 2 102 2-7 = Lo——>5Muy
12 13 14 15 | 7o) E:Booooo ]
6 17 18 19} 10 |2x Jolay | ;2 Mult, T = 10
20 21 22 23 |2 212 oo | 20 x21072 = 20,02 —>21.02 ;ogvlég
28 25 26 27 | 2 3 |29 |2 |2 20 y02=7 = PNy ——E¥2 5 20.00
28 29 30 3 o |uflco|x% [ofes | o Lo outine = 8— 11
32033 M 35 |- w7 (58 ooo | e | [EETY e cior at 2-28 = 10-520.01
% 37 3B 39 37) Eooooom ]
0 4 2 4 -3 59 [we |o feo | 28 fetwrn - 10— AR
o458 4 ey oo Jon fofene | o || BT SRS RGO FROE
48 43 50 51 ) oo lao 14 | | = N.C. from L1
52 53 54 55 [ v o2 {9 [z0 28 ::3@“5 Loge X = 20.03 —YAR
56 57 58 59
60 61 62 63
64 65 66 67 orf G=Y94, wprd 5P should|ie wiff Lhén:
68 69 70 71 | ‘<5 oy foz o |en i
12 13 1 15
6 71 18 19
80 81 82 83
84 85 86 87
88 8% 90 91
2 93 94 9
% 97 98 99
uo w1 u2 3l
U4 us U6




THE USE OF SUBROUTINES WITH THE BENDIX G-15 3-13-57
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TITLE No.

Word Position
of Command

00

09

21

SAMPLE PROGRAM -~ USE OF SUBROUTINE

To £find the natural log of x.
Log subroutine in Line §

X less than 100; x 10~2 in 20.02
EXPLANATION

Loading the odd side of ID from an even location, 20.02, takes
two word times, 02 and 03, and is done double precision. This
clears the even side of ID and all of PN. x is at a decimal

scaling factor of 1072,

The conversion factor, 102-2"?, is transferred into the M

during word position 07.

Since all binary digits of the multiplier after the fifth are
zero, only the first five bits need processing, requiring
multiplication for ten word times. Multiplication by the
conversion factor has eliminated the decimal scaling factor
and introduced a binary scaling factor, 2‘7, leaving x in a

form suitable for the log subroutine.

x»10’2, which is needed for later calculations, is moved from

20.02, where it would be destroyed Ly the subroutine, to 21.02.

x:2=7 is moved from the odd side of PN, via AR, to an even word,
20.00. Since an odd word time, 27, and an even word time, 23,
which are not parts of the same double precision word are in-
volved, the comrand is written as a single precision block

command.,




THE USE OF SUBROUTINES WITH THE BENDIX G-15

TITLE 3-13-57 | .

Word Position
of Command

29

36

58

03

EXPLANATION

A block command for 108 word times transfers the Log Subroutine

from Line 8 into Line 1 for execution.

The subroutine requires that the exponent of the binary scaling
factor of x be placed in 20.01 as an additional input. This

exponent is itself expressed at a binary scaling factor of 2’28.

The "Return Command" is placed in the AR prior to entering the
subroutine. It will be executed from LOl.0l as an exit from
the subroutine. Since its "N" is 03, control will be returned

to L00.03 in the main program.

L01.00 is the entry point for the Log Subroutine, single pre-

cision. The "N of this command is 00.

Iogex at a binary scaling factor of 2'5 is placed in the AR,

from which it may be typed or used for further calculation.

Date: |Page ji_ot 5




% INPUT-QUIPUT SINGLE PRECIEION | Pate L of 9

Propared by: B Willlems . |Date:1-30-57
LOS ANGELES 45, CALIFORNIA Approved bhy: Z é £—./ Ne. 1101

v
DESCRIPTION

This subroutine consists of a Binary to Decimal subroutine, a Decimal
to Binary subroutine an an output subroutine., The first two are
standerd conversion routines with normal entries and exits, as described
on thelr specification sheets.

The output routine scales the number then converts it and types. If
the scaling is performed by multiplication, the scale factor (s.f.)
must be stored with a negative sign, e.g. - (s.f.) in cell 21.00.
If the scaling ie by division, (s.f.) is stored in 21.00. This

in no way affects the sign of the number being processed. If a

new format is to be used, it is loaded into IDy, j and the routine

1s entered at word time u0 or u6. Otherwise eniry is at word time
05 or 06. Typeout may be executed from either line 19 or from AR

as shown on specification sheet. Iine 19 typeout allows computation
not using line 19 to proceed.




FORM
“8-6.0

_INPUT-QUTPUT QOUTPUT SUBRQUTINE) Page 2 ot 9

prapared by B3 Wiglions Date:1-30-57
LOS ANGELES as. cALtFORNIA Approved by« B i _ Ne. 1101
(g
SPECIFICATIONS

Typee o o o o &

L4

Mode of Operation

Execution . « .

Entry « « o« o

Exj to ¢ e o o o

Data Input. . .

Data Output . .

Execution Time.

Error Stops . .

Short Lines Used,.

Check Sum Cell Used

. « Subroutine (G-15D)

« o Fixed Point, Single Precision

. o Line 02
« « Typeout| Unchanged | New
from format format#
L19 05 ub
AR 06 uo

« « At'word time 37
e o * x| —>21.01 Scale Factor —> 21.00
Ret. Comm. AR #Format ———-*—IDO’:L
. « Typeout under control of format from
line 19 or from AR.
. o Line 19: 3 Rev. to initiation of typing
Computation may proceed while typing.
AR: Typing completed before exit from
subroutine.
« « Bell rings if improper scale factor used.

e o 21,00 and 21.01 only

e o u7f
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LOS

OIVISION'OF-BENDIX AVIATION CORPORATION

(:;Aqbafer

ANGELES 4%, CALIFORNIA

UT=QUTPU
T LE

Prepared by: Ed Williams

Page 3 of g

Approved by . //
=7
74

B 0"011-30-51
/ Neo. 1101

'Iy'pe- o o . e« o o o o o o o

Mode of Operation . « « « &
Execution « o« o o o o o o &
Entry o o o o o o o ¢ o o &
EXite o o o o o o o o o o o
Scaling « o o o ¢ ¢ o o o o

Input o e ® @& o &6 o o o o o

Outpute « ¢ o o « o o o o o

Execution Timee o« ¢ o o o

Error AlarmS. « o« o o ¢ o o

Short Lines Used.e « « « «

Check Sum Cell Used o « o

SPECIFICATIONS

. Subroutine (G-15D)

. Fixed Point, Single Precision

. Command Line 02

. Word time 61

. Word time 63

. Convert x as a fraction

. x (binary) in 1Dy
Return command in AR

. *+ |x| ¥ (decimal) in AR

. 1 revolution

. None

. None
. uf
REMARKS

(7 digits and sign)

This routine, the Decimal to Binary and the Qutput routine are together

as a unit in the same line.




FORM
**3-6.0

LOS ANGELES 435,

(:;nibbfér

CALIFORN

DIVISION OF BEND!X AVIATION CORPORAT!ION

A

INPUT-OUTPUT (DRCIMAL 70 BINARY) | Pate L of o
&

Prepared by: 5 Date: 1-30-57

Approved by : / m# Ne. 1101

par AN

m‘pe. L ] [ ] . * L ] .
Mode of Operation

Execution ., .
Entry « . . .
Exite . . . .
Scaling . . .

Input . » .

Output. . . .

Execution Time.

Error Alarms,

Short Lines Used. .

Check Sum Cell Used

74

SPECIFICATIONS

« « Subroutine (G-15D)

+ o Fixed Point, Single Precision

+ » Command line 02

+ « Word time L6

i « Word time 47

. «» Fraction or integer

« + x (decimal) in ID, (7 digits and sign)

Return command in AR

« « * |x| + (binary fraction) in MQqg
+ |x| + (binary integer) in AR

. « 5 revolutions
« « None

« + None
e » uf
REMARKS

This routine, the Binary to Decimal and the Output routine are together

as a unit in the same line.
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INPUT-OUTPUT SINGLE PRECISION Page 5 of 9
TITLE
Propared by: Pd Willisms Date:1-30-57

LOS ANGELES 45, CALIFORNIA Approved by: 7 2,\,‘,1,“&,44_-—- No. 1101 _
S’ yi
4
FLOW CHART
@ @
8et Line 19 Set AR
Format Format
' Clear Line 19| 08 Y
4 Y
Set Bwitch Set Switch
to @ 15 to ®
L - l - |
Set Return Link 3h
Scale Factor —> AR
|8 £, —>1Dy
Ly
NO YES
s.f <0 -
[
Divide x Multiply
by |s.f.| X by s.f.|
= X! - X!
' 16 Convert * Subroutine
Ring SET 1 on page T
Bell et {Pest Overflow)m— Jf xzo Decima} P
18 — sl — 65 - S——
?' gt .
Xq —>=19u7 X3 —>AR
Type L 19 | 14 Type AR 65
P el
35
Exit | 36 w0 A6

* All Commands are on page 6, with this exception énly,




Los Angeles 45, California

Page & of 9_
6-15D : Prepared by Ed Williams (#1101) Date:1=25-57
PROGRAM PROBLEM : INPUT-OUTPUT ROUTINE - OUTPUT SUBROL TINE Line 02
T T T —
0 1 2 3 L |P {L N|C|S|[D|BP NOTES
& 5 6 1| w 02 | o8|L |25 | 02 L19 format --—A
8 9 10 1| o 08 | o8lo] 23| 3 Clear <—-AT
12 13 W 15 || o8 ﬂos 08 fo ] 28 | 31
B 17 8 8| o |uflio] 502 |1 Clear L19
20 21 22 | 15 s | 86 o | 02 | 25 @ guiten
24 25 2 21| w 02 | o6 |L4 | 25 | 03 AR format < —B
2 29 30 3| 19 | s6]o | 02 | 25 B guitch «st
32 33 M 35| 56 65 | 34 |o |25 |02 Set switch
3 37 B 39| 3y 36 3712 |21 | 02 link, sf ——>AR
0 41 42 4 37 39 Wi l2 128 |25 | 1sf] 1Dy
“ 45 6 4| ) s | w8 of2e [ n £ <0
48 49 50 51 L9 53 ss o |21 | 2y Yes X ——» MQy
52 53 54 55 55 56 ob lo |2y | 31 x. |sf] = x1
% 57 88 59 | ou 05 | 24 |o |26 |25 x1 —>1IDy
60 61 62 63 || .8 L9 | s7lo | 21 | 26 No x-—>PNy
64 65 66 67 || 57 57 { 165 |25 | 31 xl = x = |sf|
68 69 70 71| 16 17 | 17 ]o |29 | 31 overflow
7 B U By 18 | 24 |6 |24 |25 No x1 —>1ID,
16 71 18 18 | 2, 25 | 61 o | 02 | 28 link —-» AR = convert
80 81 82 83 ® 65 u? 1 |o |28 |19 Xq ~—>19u7
84 85 86 87 { 1) 36 | 3610 ]oo | ;1 Type L1y
88 83 90 91 s 35 | 35 |o |08 | 3 Type AR
92 83 94 95 | 35 35 | 35 o fe28 |31 Ready
% 97 98 99 |36 ] Rt
uo ul w2 W3 | 18 19 | 18 Jo |17 |31 | | Ring bell
M uy s 1 B
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Page 7__ of 9_
Prepared by Ed Williams (#1101) Date:1-25-57
PROGRAM PROBLEM : INPUT-UTPUT AOUTINE - BINARY 10 DECIMAL Line JEL_____;=J
2 3] L AR NOTES
6 1| a1 63 | 6o | 28 | o2 Return link
LR I 65 | 75|0| 25 | 28 X ——=AR
LB L % | 8ulo] o2 | 29 xl = x + roundoff
B 184 4, 90 | 90]o] 23| 3 Clear
2 B | o o1 | 920 28] 25 x} ——»IDy
— -
% 21 o 93 | 95|o | 02 | 24 | v6xv680 ] —>MQy
3 AN 95 06 w20} 24| 31 ( dy
M4 35 || uw u5 uws 3] 23|31 {
B 3§ w 06 | 10|02y | 3 1 dg
2 48| 10 13 | 1303233 !
6 47 || 13 06 | 20f0 | 2y | 31 1 d3
5 51 20 23 | 233 23| & {
55 | 23 06 | 30]0f ey | 3 [
% 5 | 3 33 | 33(3] 23| 3 !
62 683 || 35 06 | Lofo |2y | 31 | dg
66 87 | Lo L3 | L3323 | 3 ﬁ
0 1| 06 | sofo]a | = [ de
" B so 53 | s3f3fes |3 ) | (
1 79[ 53 06 | 600 | 2, | 3 dy
82 83 || ¢o 61 | 63{o | 26 | 28 x| + —> AR
86 87 || 63 Exdt
95 91
8 95 | 9u3wy9h
98 99
uz2 ul
ué

1
5

9
13
1}
2
25
28
33
37
41
45
49
53
37
81
85
68
n
n
81
85
89
83
97
u
ud
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6-15D Prepared by Ed Williams (#1101) Date:1=25-57
PROGRAM PROBLEM : _INPUT-OUTPUT KOUTINE - DECIMAL TO BINARY Line _02

12 s | L[| g |n|c]s|o s NOTES

) 6 1 L6 L7 5410 | 28 | 02 Link return

9 10 u § sy 58 | 59 {0 |02 | 26 Clear PN,

3 14 15§ 59 61 | 62 |0 |25 |24 xgq —>MQy

1 18 19| e 67 | 69 |1 | 02 | 25 106 L) gp,

21 22 23 | 69 08 | 78 10| 2 31‘ dy

25 26 21| 78 79 | 81 |1 [o02 |25 d,

29 30 3N | & o8 | 910 |2y |3 {

33 34 B | 97 | 991 {02 | 25 [ d3

7B M| 9 o8 | 26 o |2 |31 |

a &2 8 % 27 | 29 |1 | o2 | 25 a4

4 46 47 || o9 08 38 J0 |24 |31 {

49 50 51 | 33 39 | 71 ]2 {o2 |25, | dg

8 M 5| 08 | 80Jo |aL |3 J

57 58 58 ) 83 | 85 f1 | o2 | 28 [

61 62 63 | s o8 | oufo |2 | m (

65 66 67 | ou ul | 07 |1 |02 |25 | dy

63 70 1 § o7 08 | 28 fo |24 |3 (

L LR U Y 29 | 68 [0 | 26 | 28 Xipy —>AR

M 18 18 || 68 73 | 77 |1 |02 |es 107 1Dy

81 82 83 | 77 57 82 [5 | 25 | 31 X ¢ —>Mig

85 86 87 ||[u7 ] Exit

B9 90 91 | 82 83 | 86 |1 |28 |2 %y b 1Dy

3 94 95| g 88 | 89 1 |24 |28 Xp AR

97 98 99 || g9 96 | 98 |3 |02 |29 xp - 228

ur w2 W |l g w |66 [1 28 |2y xpl —>Mgg

us b 66 67 | L7 |1 25 |28 X AR




Los Angeles 45, California Page 9. of _2"
G-15D Prepared by Ed Williams (#1101) Date:1=30-57
PROGRAM PROBLEM : __OUTPUT ROUTINE Line 02
0 1 2 3 ll L |P gTL N |[C T D [BP NOTES
4 5 ﬁ ] L}s | Ozzzzz2
8 0 9 1o 2222222
12 13 14 15 |, 00zzzz2
6 17 18 18 |,, J—
20 2 2 2| 000zzz2
24 25 26 271 |22 2222222
28 29 30 3 |= 0000222
2 33 N 35|32 2222222
I 37 3B I |a 0000022
4 41 42 43 |4 2222282
4 45 48 4] |51 000000z
48 49 50 51 |52 ZZzEZLL
32 53 54 55 |76 000000x
96 57 58 59 [o3 v6xv680
60 61 62 83 |45 U7 14 o | 28 | 19 @
64 65 66 67 [ 19 36 |35 |o | o8 |31 ®
68 69 70 71 =5 64 |65 |0 |28 | 28 link
7 13 14 15 |67 (0z4p400)
18 77 18 19 [79 (018pu00)
80 81 82 83 (o7 (002[r100)
84 85 86 87 {27 (000BY80)
88 89 90 91 | a0 (000p640)
82 93 94 95 |83 (000pou0)
% 97 98 99 |mn (000p010)
U0 ut w2 ul [z (098p680)
i | I




SINE (Ge15D) Page 1 of15
TITLE

BDIVISION OF BENDIX AVIATION CORPORAT!ON Pren.r'd b’: H. L S n.‘e'_B:E:.Sl-

- .
Los ANGELES 45, caLIForRNIA Approved by : 7&0%”4/% | No. 1202
V4 AR
L

SPECIFICATIONS

TYPO: « « « o+ « o o« o o« o s o o » o « Subroutine for G-15D

Mode of Operations « « o « « « « » o o Fixed point, single precision
Execution: . + o « o o « o« o o o o« « o From Command Line 1

ENtrys o o o « o o « o o o o « o « « o At word time 093

EXit o o o o o o o o e o o o o o « « o Rot, Comm. from Line 1 at word time 098
Scaling: o + « o o o« « o o s o o o o » & must be in circles; © circles =

© degrees = © radians, where -1 {8 1
3800 27T

Data Inputx' ¢ ® ©°0 0 ® s e 6 © @@ e ©° O O"“——)'mooz
Ret, Comm,— AR

Data OUtpUts o o o o o o o o o « o « » 1/2 8in ® = 20,00
8 = 20,02

Ret. Comm., « Loc. 098 of Line 1
20,01 is undisturbed

Exeoution TiMe: .+ o « o o o o o o o o 203 msec (7 rev.)

Error StopS: o o « « s o « s« ¢« o o « o None
REMARKS

Command in location 050 can be changed to clear (Source 23, Destination 31)
to prevent obtaining an answer -O,

All of the short lines are used in this subroutine.

FORM
108-6.0




Date: Page_zot
SINE (G-15D)

15

TITLE 3-13-57" | No. 1202

METHOD
The argument, ® , must be in circles,
® circles = e dgééees = O radi;ns
Consider © circles = + [_ZE + }Zl , where K is the number of right
angles mod, 4, and y is the acute angle where O 5; y<<: %.

Since cos © = sin E’-—- sl ;] s we use the same subroutine for
2 —
both functions,

The following table shows the instruotions used to develop the proper

sign of X and the proper X for the polynomial evnluation,
i

i b <:x2:>

=0 i

= bi are the positive constants.

e

1gin T XaX
2

N

8j

where: -1<:TXk<:1 and where | %i
2

Reference: MTAC, VIII, No, 47 July 1954




FORM
108-6.0

DIVISION OF BENDIX AVIATICN CORPORATION

LOS ANGELES 45,

CALIFORNIIA

COSINE (G-15D) Page 3 of 15

Prepared by: H, Lewis

TITLE
Date: 3-13-57

1202 .

Approved by : / %WZEA:Z‘-—’ No.
e’ yd

Types « o o o o o

Mode of Operation:

Execution:, .
Entry: . . .
Exits 6 o o o

Scalings . .

Data Input: .

Data Output:

Execution Time:

o

°

L]

.

4

SPECIFICATIONS

Error Stops: 5 o « ¢ o o o o o ¢ o o »

Subroutine for G«15D
Fixed point, single precision
From Command Line 1
At word time 097
Ret, Comm, from Line'l at word time 098
® must be in circles; O oircles =
© degrees = 6 radians, where -1< e<1
3600 2T
8—=20,02
Ret, Comms,——» AR
1/2 cos © = 20,01
8 =« 20,02
20,00 is undisturbed
Ret, Comm, = Loc, 098 of Line 1
203 msec (7rev,)

None

REMARKS

Command in location 050 can be changed to clear (Source 23, Destination 31)
to prevent obtaining an answer -0,

All of the short lines are used in this subroutine.




COSINE (G-15D)

TITLE 3-13-57 | No.

}
Date: Page _’-L_

of

&

1202

METHOD

The argument, © , must be in ciroles,

© circles = e de ees

- 5] radians
2 s S

Consider © ocircles = , where K is the number of right

angles mod, 4, and y is the acute angle where O <: y'<:

.plw

Since cos © = sin(TT x (D , we use the same subroutine for
2
both functions,

The following table shows the instructions used to develop the proper

sign of X and the proper X for the polynomial evealuation,

1ean T .2 5 b, (2)
2 i:O 1

al

where: =1 X< 1 and where = b; are the positive constants,

Reference: MTAC, VIII, No., 47 July 1954
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Date: |Page 5 of 15
SINE, COSINE, SQUARE ROOT, ARCSINE, ARCCOSINE (G-15D) .
— TITLE 3-13-57 | No. __ 1202 _
1 2 3 4 5
INSTRUCTION —> 0 * > AR+ [|AR—> AR [AR—> AR+ A\R—>ID; ||IDj|—=aR
8ats

° © Sign In

RESULT——> | QUADRANT | k|y|Sigd o+e | lovel- e 20* I.P, ff o
~ ~

1 00y0 00y0 00y0 0y00 + 0y00

1 11yl 00§1 0050 0§00 + 0500

2 01y0 01y0 01y0 1y00 + 1y00
SIN o 2 10y1 01%1 0150 1500 ¥ 1500

3 10y0 10y0 10y0 0yol - 0y00

3 01yl 1051 1050 0501 - 0500

4 11y0 11y0 11y0 1y0l - 1300

4 00yl 1151 1190 1301 - 1300

e }%4e|=e'

1 00y0 01y0 01y0 1y00 o 1y00

1 11y1 01yl 0130 1300 + 1900

2 01y0 10y0 10y0 0y01 - 0y00
cos 2 10y1 10§1 1050 0501 - 0y00

3 10y0 11y0 11y0 1y01 - 1500

3 0lyl 1191 1190 1501 - 1§00

4 11y0 00y1 00y0 0y00 + 0y00

4 00yl 0050 00§0 0300 * 0500
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Date: |Page 6 of _1_5_
SINE, COSINE, SOUARE ROOT, ARCSINE, ARCCOSINE  (G-15D) L
TITLE j'-13"57 No. 1202
3 7 8 9 10
TEST | TEoT
INSTRUCTION —_— AR AR+ FOR-0 FOR-0 AR _—,IDO IDG-—-) 21.03
e (- 28" NOT NOT PICK £f SI
RESULT ———| QUADRANT| k|y {Sen SET SET 20 "or78™ +x
1 00y0 y000 0 y000 y000
1 11yl $000 : $000 $000
- 2 0l1y0 y001 3 yool $000
SIN e 2 10y1 9001 y001 y000
3 10y0 y000 0 y000 y001
3 Olyl %000 $000 F001
4 11y0 yoo1 -3 F001 $001
4 00yl y001 y001 y001
1 00y0 y001 i $001 000
1. 11yl 001 y001 y000
2 01y0 y000 0 y000 y0oo1l
cos o 2 10yl 9000 000 $001
3 10y0 y001 -1 $001 §001
3 0lyl $001 yoO1 y001
4 11y0 y000 0 y000 y000
4 00yl F000 F000 $000
NOTES: _
y= 1y
STEP 7 IF NOT SET, MEANS ON y-AXIS FOR SIN ©, x-AXIS FOR COS O,

STEP 8 IF NOT SET, MEANS ON x-AXIS FOR SIN O, y-AXIS FOR COS ©,




SINE, COSINE

(G~15D)

Date:

TITLE

3=13<57 | no.

FLOW CHART

ENTER SIN SR
AT O1L.:2

RET. COMM, —> . &.50

Page Lot 15
_ Lo

BNTER COS SR
AT 1L

RET. COMM,— 01.98

| ¥

=0

( 20"-—>TEST)—1———— 0—=PN,

01,51 )

01.09

1 01.03
SET UP STORE :COMM. SET UP STORE COMM,
1 sin 6 = PN; 72, 20,00) 1 cos 8 w PNy—»20,01)
! 0l.u3 01.ul
SET AR = O SET AR w %
1 Y
‘ 01.24
DETERMINE SIGN x, THEN 26"
Ref. Specifications
RESET OVERFLOW
j 01.45 -/ 01.47
(l 2gn ~ L TEST )| % —>PNy >
-0
§ 01.48 01.50

DETERMINE * x
Ref. Specifications

1 01.53

LOOP TO EVALUATE
POLYNOMIAL

»
Vo

2. i~
bi (-X )

01.92

EXECUTE STORE COMM,

.

EXECUTE RET, COMM.




FORM
108-6.0

DIVISION OF BENDIX AVIATIGN CORPORATION

- . 1202
LOS ANGELES 45, CALIFORNIA Approved by . v ,/;,/;,’),LA,/ S No.
L

SQUARE ROOT (G-15D) Page 8 of 15
TITLE

Prepared by: H. Leowis Date: 3-13-57

Type: « o o o o o o
Mode of Operation: ,
Bxecution: . o « + o«
Entry:s « o o o « o
Exits: ¢ 6 6 o o 5 @
Scalings . o o o o

Da‘ta Input‘: 2 ¢ e o

Da ta Output S e e e e

Execution Time: , .

Error Stops: . « o »

Programmer must test

for

7

1%

SPECIFICATIONS

o o o » o Subroutine for G-15D
e o o » o Fixed point, single and double precision
o o « « o« From Command Line 1
e o o o« s« At word time 094
o s o « o Ret, Corm, from line 1 at word time 098
e ©6 ¢ o o N< 1 H YN—< 1'
+

e o o e @ N————)-PNO,I

Ret, Comm,—> AR
e o o« o« o Y double precision = PNy 43

W single precision = 20.0%

N = 21,00; 21,01

Ret. Comm, = Loc, 098 of Line 1

o o o o o 261 msec (9 rev,)

o o o o o If =N (double precision) is entered,
routine will ring bell and halt,

REMARKS

-N (single precision) since routine does not detect this,

All of the short lines are used in this subroutine.




Date: Page 9 of 15
SQUARE ROOT (G-15 D)

TITLE =13-57 | No. _ .1202

METHOD

The routine finds the double precision square root of the number, N,
But it is written so that the arcsine and arccosine routines can use it.
to find a single precision square root. So first, the single precision
square root is found as follows:
(1) ry= 4+ 1 N is used as the first approximation,
where N 1. r

0 will be greater than the square root,

Then we use the formula,

(2) r = N + ry, anditerate wntil (ry - g+ 2728) > o0
2 z-

Now that we have the single precision square root, two double
precision divisions using formula (2) are sufficient to form

the double precision square root.




Date: |Page 10 of 15

SQUARE ROOT (G-15D) _
TITLE 3=13-57/ | No. 1202 .

FLOW CHART

ENTER S5Q. RT. SR AT 094

SET COMM,— 21,03
(PNg g F— TEST)

01.96
NOTE & RET. COMM.—>lgg
Sin-l & CO’S'-l e e o e ane s e e e o o 01.28
Enter at 001 ( , §.01.07 - HALT AND
P (TEST STAN "yt RING BELL
01,58 l 01,49
0——=20,03 |~ (" ———rast )
30
01.59
r, = %-+ %— N
SET AR NEG,
§ | — ——
\ 01.85
r -—-—-)-20.03
SHIFT TO FORU r /2 |
- 01,88 _ 01.91
(‘1EST SIGN AR )y~ SINGLE PRECISION
y 01.92 N ro
NOTE 7 o " . ro= e A
. * EXECUTE COMM., IN 21.03 1 w 2
Sin- & Cos_ .
Exit at Nartt =0 A — SET ARO - I‘l - rﬁ__
037 & 033 (21.05 = PN, —E—>TEST )
2 SET roz I'l
y "N & 091,099
DOUBLE PRECISION |
N ro \
e e — .
1l - ZrO >
N r
r, = +_°0
=7
2 r] 5
Y

# EXECUTE RET. COMM.




FORM
108-6.0

c:;n@oufer

DIVISION OF BENDIX AVIATIOM CORPORAYTION

ARCSINE (G-15D) Page 1l of 15
TITLE
Prepared by: H. Lewis Date: 3-13-57

LOS ANGELES 45. CALIFORNIA Approved by: // kﬁ—»ywx: 14[4 No. 1202

TYypes ¢« o o o o o s o @
Mode of Operation: , .
BExecution: . 4 ¢ 4 o &
Entry: . . ¢ o 6 o o &
Bxit: o o v ¢ 4 6 0 o

Scalil’lgf o e ¢+ & o s @

Date Imput: . . . . . .

Data Output: . o o « &

Execution Time: . o » o -

Error Stops: o o o o o

g

SPECIFICATIONS

Subroutine for G-15D

Fixed point, single precision
From Command Line 1

At word time 078

Ret, Comm. from AR at word time 054

¢ - sin-1 8 - g dggrees - g r;dians

<sint 5<%

S——20.00

t
N

)

Ret, Comm,— AR

=S - 20,00
L cos ¢ - 20,01
# w sin™l s = 20.02

Ret, Comm, & 21,02

754 msec (26 rev,)

If E - (g)ﬂ is negative, routine will
! '

ring bell end halt, If <% s+ \3 -(3)° >1,

routine will ring bell and halt,

REMARKS

Tan~1 (y/x) subroutine must be stored in Line 04, After use, 't:an'1 SR is

left in Line 1,

All of the short lines are used in this subroutine.




ARCSINE

(G=15D)

TITLE

Date:
3wl 357

Page 12 of Jgi

No. lg02

Since sin=l 8 - tan-1

we enter the tan~! ( ¥ ) routine to find 7.

_\rgfgtgtz-—

by the square root routine, then assigning % S w y and

X

l 2
%‘ (';) - X:




FORM
108-6.0

Tan™! (y/x) subroutine must be stored in Line 04,
left in Line 1,

79/10’/,/
ARCCOSINE ?”L(Gi.lsn) Page 13 of 15
v o e Prepared by: H, Lewis Date: 3-12-57
Los ANGELES 45. caLIForRNia Approved by: 7 2\“/,,/,[ //__/ No. 1202
L/
SPECIFICATIONS

TYPE: « o« « « o o « o« o s o o o o Subroutine for G-15D

Mode of Operation: . . . . . . « Fixed point, single precision

Execution: v s o o o ¢ o » o« » TFrom Command Line 1

Entry: . . . e o e o o o . « At word time 073

EXit2 4 o o o o o o « o « » « o « Ret, Comm, from AR at word time 054

Soalingt . .. s v u s s ... . f=oostc g fdgrees  fradiang
0 <ecos~l c< 2

Deta Inputs . . « o « o o « o » « = C—>20.01
Ret. Comm, —s=AR

Date Output: e e e e e e %ﬂ-smgd - 20,00
5 C = 20,01
Z = cos le¢ = 20.02
Ret. Comm, = 21.02

Execution Timé: o « o o o« « o « o« 754 msec (26 rev.)

Error Stops: « « o « o o« ¢+ o o « If [: (¢ z:] is negative, routine will
ring bell and nalt, If (% c+‘ ) % >1,
routine will ring bell and halt.

REMARKS

After use, 'l:an-1 SR is

A1) of the short lines are used in this subroutine.




 Date: |Page 1)0f15
ARCCOSINE (G~15D) . . ,
TITLE 31357 | No. 1202
METHOD

—
- 1-C
Since cos™ C = tan ! l ; first\ l%—- (0/2)2 is evaluated

c

by the square root routine, then assigning \I-‘Z—- (0/2) = ¥y and %

we enter the tan-l ( % ) routine to find {.

ch.




Date: |Page 150f 15
ARCSINE, ARCCOSINE (G-15D) ,
TITLE 3-13=57 | No. _1202
FLOW CHART
01,78 01,73
ENTER SIN~! SR AT 078 ENTER COS™> SR AT 073
SET COMM, —> 21,03 SET COMM,—» 21,03
qkl-(s)z:Z0.0S—H\R 1-(0)2.-.20.05-—>AR
N - |~ -
N 4 2 NRE: 2 1
RET COMM,—— 21,02 RET COMM, — 21,02
SET a = 8 SET a = %
1 \
01.u0
N = %’- az
Y 01,94
ENTER SQ. RT SR AT 001
FOR ~/N, SINGLE PREC,
sin~! cos™1
- EXECUTE COMM. in 21.03

1 01,33

SEsz—\/i-(%)z

\ 01,37

2
SETy « \Vi=-(35)

01,60

ENTER TaN"T ( ¥ ) SR
Z
AT 060
FOR ¢ - SIN"1S or cos™lc

EXECUTE RET COMM,




PROGRAM PROBLEM:

“&endi”

Los Angeles 45, California

Page _L1 of 5_

12
16
20
24
28
32
36
40
44
48
52
96
60
64

68
12
16
80
84
88
92
96
uo
u4

G-15D
12
5 6
g 10
13 14
7 18
21 2
25 26
29 30
33 M
37 38
TRV,
45 46
43 50
53 54
57 58
61 62
65 66
69 70
3 14
17 18
81 82
85 86
89 90
93 94
97 98
U u2
us ug

n
15
19
23
21
31
35
39
43
41
51
55
59
63
67

m

15
19
83
81
91
85

99
u3

Prepared by S. H. Lewis #1202 Date: 2-13-57
SINE, COSINE, SQUARE ROOT, ARCSINE, ARCCOSINE Line _O1
T
L |p| & | N jc|[s |0 | NOTES
00 bpo = wS0Zxuu
02 by = 52uyZ3u
04 bo = Oud35yy
06 bz = 00996v5
08 bg = 0005439
21 bs w 00001yl
93 98 |u3 [ola2s o1 | SINE] @ggl;lj: (AR)—>01.98
u3 u f[us ué {001 |28 0 = (0l.u4)—> AR
ud 0
ub 03 |24 l0JO1 |20 'Eomm} = (01.03)—>20.03 >
c3 | ulfo7 98 | 226 |20 ﬁ%sin e =(P1§:IL)131@-> 20, Sg i’f;°¥=é§4
97 | u 99 hl om -28W Wél. C"o's‘I‘NEEgrgﬁ“ = (AR)—>01,98
ul | uflus |09 |ojor |28 1z (1L.u2) —>AR
u? 1 _ 4000000
09 11 24 o o1 |20 - &omm;} = (01,11)—>20.03 >
11 97 |98 [of26 |20 é{los o =(PN})->20.01 LromAS,
24 26 |32 |1]20 |29 6 = (20.02)— 3R+ <
32 | ull34 34 | 2|28 |28 |AR | —AR
34 u | 36 36 0|28 |29 (AR)—>AR+
36 | u|f38 38 |0}28 |25 (AR)—> ID
38 | ulf40 [40 {2 |25 |28 | ID; |—> AR
40 |ullaz |42 |0 |28 |29 (AR)— AR +
42 44 44 0129 31 Overflow — Test
44 | u (|46 47 |3 l28 Je7 0T SET| (AR) —— Test
45 | u |47 a7 |3 |28 |27 St (AR}——— Test
47 71 |87 [0 |01 |26 _(A_R_)_=-_0J% = (01,71)——>PN,




FORM
D
108-5.0

. e

Los Angeles 45, California 2

Page _< of 2_

G-15D Prepared by S. H. Lewis #1202 Date:_3-=13-57
PROGRAM PROBLEM :SINE, COSINE, SQUARE ROOT, ARCSINE, ARCCOSINE Line 01
T I 1
o 1 2 3| L [P} | N|CIS D |BP NOTES
4 5 6 1 |71 1 = 8000000
8 9 10 1 |48 ullso | 50 | o] 28 |27 (ARE-0 |(AR) ———> TEST
12 13 14 15 |sc 52 | 87 | 0|23 |31 {(aR)=0] Clear  34572ZZ
6 17 1B 19 s | ulss |ss 2|28 |25 | [N (am)—Fsi,
20 21 22 23 |s3 ufl55 | 56 [ 025 |21 x = (IDg)—> 21.02
24 25 26 27 |:s 58 60 | 6|21 | 25 x = 21,02 —%v8 1D,
28 29 30 3 |eo ull62 | 63 | 0o]25 |24 x = (ID]) —>MQy
32 33 34 35 [e3 52 | 13 | o]z4 |32 Mult.
6 37 3/ 39 i3 15 |19 [ofo1 |21 {Comm} = (01,15) —> 21.0%
0 41 42 43 |5 08 | 10 | 3|01 |28 @i:——».lz} A RN
4 45 46 4] | 21 | 23 |o|o1 |2a bs = (01.21) —> MQy
48 49 50 51 |23 ull26 |26 | 4|26 |21 x2 = (PNg,1)—> 21.00, O1
52 53 54 55 |26 28 31 alzr |25 x? =(21.00,01)—>1Dy 1
5 57 58 89 |a: 56 | 9C | G| o2& |21 Mult.
60 61 62 63 |90 ulloz |92 |o|21 |28 {Com.'m.} = (21.03)—> AR
64 65 66 67 ‘o 94 | 94 o3 |31 N. C. From AR {bi——“—eAR_P
8 69 70 71 [0 ulliz |12 | 2]26 |29 s
2 18 14 15 fip |ufie |14 [1]28 |2 (AR)—> MQ
6 77 18 19 |24 ufl16 16 {ol21 |28 {Comm,} = (21.03)—> AR
80 81 82 8 |6 ulfis | 18 | 3]or |29 {T = ooz} —T
84 85 86 87 jiv uloz |00 | 0|00 |00 {T = ooz}
88 89 90 91 |18 |ulf20 |20 |02 |22 {Yodified) = (ar) —>21.03
92 93 94 95 |zo u || 22 22 0|28 |29 (AR) ———>AR +
96 87 98 99 |2z 24 |25 |o)29 |3 Overflow —> Test (Setf\ﬁ
ug  ur w2 uld jizs u |28 29 | 6|21 |25 Mﬁﬂi = (21.02) —E¥& 1,
u4§ us UG 29 56 |87 |[0]24 |3 Mult,




“&endi”

Los Angeles 45, California
Page ___?‘_ of i
G-15D Prepared by S. H. Lewis #1202 Dﬂe:_ﬂéz
PROGRAM PROBLEM : SINE, COSINE, SQUARE ROOT, ARCSINE, ARCCOSINE Line 0l
o 1 2 3| L {Ppp | NJC]S|D BP NOTES
i Store 1. o9.03 ——>
4 5 6 1 |lor 91 |92 |o | 20 | 28 1 00m.j‘ 20.03 AR
8 8§ 10 11 fox |ulo96 |96 jo]lor|a 59. RY. lbomm. )=(01.95)—>21.03
2 13 1 15|95 w97 |98 |1]26|2n (g 1) *sTesth ATORAT,
Rex.
16 17 18 19 96 98 01 0 28 01 1[-Cgmm. P = (AR) > 01.98
0 21 22 23 [or fuwlos |os |rf2e6|ec (PNg) —E> 20.02
24 25 26 21 o5 |uflor [or {o] 20 | 28 (20.02)—> AR
28 29 30 3t jor 09 |27 (0|2 |31 T{AR — Test
2 0% % %z |ufo [ [5]es |2 | P v (eng,)Bar.050
% 37 38 39 |=5 20 |sk o |17 | 31 Lo Ring Bell
40 41 42 43 (54 56 (28 |c 116 | 31 Halt
# 45 6 41 |luo fu 52 (58 [5 |26 | N o= (PN )—>Test <
48 43 50 51 (58 |w 60 |90 1 |26 |20 25000 = (P, )—F>20.03
52 53 54 55 (59 61 |62 o |21 |25 S - (21.01)—>1D;
5 57 58 89 (62 6 |65 {0 |23 | 31 Clear (Even)
60 61 62 63 |65 02 [68 o |26 | 31 Shift
64 65 66 67 [[68 |u 70 |70 |2 |25 |28 |1D; |—>ar
68 69 70 71 |70 |uwu (72 |72 [0 |01 |29 5 = (01.71) —>AR+
12 13 4 15 |72 fu [[7% |74 [0 |28 |25 ro = (AR)—1ID;
6 71 18 19 |7 |u |76 |76 |3 |28 |28 (AR)——> AR
80 81 82 83 |76 e 182 b |21 |26 N = (EloO0,0l)%PNo, lFrom Pl
84 85 86 87 (82 |u JEx |85 o [25 |20 rg = (IDy)—>20.03
88 89 90 91 (3 oz |88 o |26 |31 Shift
92 93 94 95 |80 90 |90 [0 [22 |31 Ty AR—>Test
9 97 98 99 (o0 |u [[92 [¢2 o |21 |28 (AR)gol-om,} = (21.03) —AR
uwo ui w2 u3 o1 sk 5 |25 [: AR) 0 [ b yige
FBOH“ u4é us5 Uus ki u [[43 [52 [0 |24 |28 N/2rg = (MQy)—> AR

108-5.0




FORM
108-5.0

PROGRAM PROBLEM :

.

G-15D

Los Angeles 45, California

12
16
20
24
28
32
36
40
44
48
92
96
60
64

68
12
6
80
84
88
82
9%
uo
u4

13
17
21
25
29
3
37
41
45
49
53
o7
61
65

69
n

n
81
85
89
3

97
u

us

10
14
18
22
26
30
34
38
42
46
50
o
98
62
66
10
14
18
82
86
80
94
98
u2
ué

n
15
18
23
2]
3
35
39
43
41
o1
55
39
83
67
n
1%
19
83
81
91
95

99
ul

Page _)_-L of _5
Prepared by S, H. Lewis #1202 Dpate:_3-13-57
SINE, COSINE, SQUARE ROOT, ARCSINE, ARCCOSINE Line __OL |
L (P {; NI|C|S | D (BP NOTES
52 lu |l Ba | 64 | 0] 25| 29 ry/2 ¥ (ID1)—> AR +
64 |u || 66 | 66 | O| 28| 25 ry » (AR)—>ID,
66 |ull 68| 76 | 3] 20| 29 r, = (20,08)—>ar+ ©°F 18
92 94| 9¢ | o| 31| =& NC From AR
99 v2| 30 [ 5] 25| 31 x40 Divide
30 32| 35 | 4] 24| 26 N/2r; = (MQp,1)—>PNy 1
35 fu |l 38| 39| 4| 25| 30 r,/2 = (IDg,1)—>PNg 3+
39 |u |l 42| a3 | 4] 26| 25 ry = (PNg 1) —> IDg.1
43 0z | 46 | 0| 26| = Shift
46 48 | 55 | 4] 21| =26 N = (21.00,.01) —> PNg 1
55 vz | 61 | 5| 25| 3 Divide
61 |u [ 64| 69 | 4| 24| =26 N/2ry = (MQQ,1)—>PNg 1
69 |u 72| 98 | 4| 25| 30 ri/2 & (IDg.1)—>PNg.1+
73 75 77 0 0l 21 ARCCOS ‘_Comm,_’ = (175)—}21.05
75 |u || 96 | 33 | o] 20| 28 N\2ar2,2 = (2 M}Fr"m 08
2 L \z»5)° = (20.03)—>AR AT T-09
77 |u [ 79 of 28| 21 {Retv } = (AR)—> 21,02
Camm
80 82| 84| of 23] 3 Clear (Even)
34 |u | 88| 88| o] 20| 25 -% = (20.01) ——>ID; >
78 | u ol o1 22 ARCSIN(?omma _H (01,79)—>21,03
T B = — From AR
79 |u | 96| 37| o] 20| 28 {\%4?)2 20.03) Aé}AT T=094
] [Ret, )
81 [u fl 85| 83| of 28| =22 {Comm } = (AR)—>21.,02
83 |u| 88| 86| 6| 20| 25 7 = (20.00)— %¥as1p,
86 |u | 8| 89| Of 25| 24 (ID,)— MQy <
89 56 | 67| o] 24| 31 Mult,
67 70| wol| 5| 26| 20 (PNo,1)—>(20.02,03) -w664754
ud w2 | us | 8| 01| 26 2= tva »
v 3= (1) tvapy,




FORM
BCD
108-5.0

“&endi”

Los Angeles 45, California

Page 5 of. 5

G-15D Prepared by _ S. H. Lewls #1202 pate:_ 3-13-57

PROGRAM PROBLEM : Sine, Cosine, Square Roos, Arcsine, Arccosine  Line o1
o 1 2 3 LP{;NCS DWBP NOTES
4 5 6 7 |lus [u | oo oxfr |eo |30 (20.02,.03)—— PNg 1+
8 9 10 M| 33 36 | 57 |o |28 |20 Mﬂmgo 00
2 13 18 15| 3 w st o 28 [0 || PR32 (am)—>20.00
8 17 18 19 [ 57 || 58] 60 |o |ok O Tan"lS. R. = (Line ¥)—> 11
20 21 2 A3
24 25 26 27
28 29 30 3
32 33 3H4 3
3% 37 38 39
0 41 42 &
44 45 46 47
48 49 50 51
52 53 54 55
5 57 58 59
60 61 62 63
64 65 66 67
68 69 70 71
2 13 1 71
6 11 718 19
80 81 82 83
84 85 86 87
88 89 90 91
92 93 94 9
9% 97 98 99
uo ut u2 ul
U4 u5 U




Type: « + « &

Execution: .
Entry: . .
Exit: + + & .

Sealing: . .

Data Input: ,

Data Output:

Error Stops:

changed,

FORM
108-6.0

.

Execution Time:

3

Mode of Operation: . . . . .

o e . . ® . .

.

ZFenoﬁh"
RBCTANGILY R _COORDIIATES T0 PoLAR | Page 1 ot 3
TITLE G=15D
Prepared by: D, Stein ( ) Date: 3-13-57
, 2=l
LOS ANGELES 45, CALIFORNIA Approved by: / v‘.».k‘,:»/\//.,","‘_/z No. 1203
SPECIFICATIONS

Subroutine for G-15D

Fixed point, single precision

From Command Line 1

First command location = 053

From AR at word time 054

x and y must be given with equal
scale factors such that |x| + |y
<1, Z is obtained with the same

scale factor,

® » tan-1 Y » © (degrees) = 8 (radians).
* 3600 21T
- 3<0 <4,

¥——» 20,00
x —> 20,01

Exit command——>AR

20,00) y 21,00 o
20.01) x  21..000 2% 5 xf 4 y?
20.02) 0 —

20,03) z 21,02 Exit command
551 msec Maximum (19 rev,)

Ring bell and halt if
x| + |yl = 1

REMARKS

® = tan~1 ¥ ar be obtained without Z = “Jx2<+ v¢  in 13 1/6 revolutions
(366 msec¥ if the commands in 064 and 069 are replaced by 064, =066, 069,
0, 21, 28 + gnd 069, + 071, 071, O, 31, 31+,

This subroutine must be stored in Line 4 when used with the subroutine for
arcsine and arccosine, unless the SCURCE in commsnd 057 of the latter is




RECTANGULAR COORDINATES TO POLAR  (G-15D)

TITLE 3=13-57| No.

Date: Page 2 of

1203

METHOD

Expressing all angles as fractions of a circle let 52)' = tan"l l%l R

1 tan g-1 _ lyl - |x 1 -1
nd let R = tan (f = =) = = Then @ = 1 ptan~t R
: 4 8 tan g+1  |y| + Ixl, 8 ’

where =1 £ R £1, (if x =y =0, then @ = 2 ¢ 0).,
Tan~l R is approximated to single precision accuracy throughout the

range of R by s polynomial, (Ref. MATC, vol, VII No, 47, July, 1954)

Tan~1 R =R ;Q_—_ b (-Rz)l, where:
=0

b = .15915 4943 b5

. = 01327 9175
by = .05305 1549 bg = .00907 5407
b, = .03182 7760 by = .00482 5354
bs = ,02269 4252 bg = 00166 8861
b, = 01739 4550 by = .00027 1190

8 = tan~l ¥ is derived from § = ten~t ,I%c:: .

X Y Quad. 8
S g
- + 2 2-g
- - 3 -39

t - 4 f

Finally, Z = x2 + yz is obtained by iteration to convergence of Z,
2
Z . ‘
Zig} = ot Zi , vhere Z_ = |x| + |yl . Sinoe 2L9,8 7 L 1L (7,

not more than four iterations are required,




Sl

~TTLE — 3-13-57| No. 1203

. . -l i T s
g s Pan T ), LK EE

v CHART o
B Eln 7 J\\ %2 4 y2

CLb £= 10l (&), o4

EXIT COMILID
g

= (A1)—>il,
(=
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FORM
D
108-5.0

.

Los Angeles 45, California

Page _l of L

G-15D Prepared by D. Stein #1203  Date:__3-13=57

PROGRAM PROBLEM:@ Rectangular Coordinates to Polar (G-15D] Line ___O1
4

o 1 2 3| L [P {T; N|C|S | D |BP NOTES
4 5 6 7 || 53 |u| 85| s0|0 28 | 21 [gg;g;l = (AR)—>21,02
8 9 10 1 |60 |ul 62| 62220 |28 x| = |20001|—>AR
12 13 ¥ 15 | 62. 65 | 65 [0 | 23 | & Clear
6 17 18 18] 45 67 | 67 [0 |29 | &1 Overflow-—stest
2 21 22 23| e 70| 71 fo | 28 | 20 —“—':’i—‘—"l‘?ﬂ].xlz (AR)—> 20,02
24 25 26 27 || 68 70| 71 o 28 | 20 _set] |x| = (AR)—=20.02
28 29 30 3 [ 71 |u || 73| 76 |2 |z |29 lyl = |20.00}—s AR+
2 33 34 35 [7s 78 | 78 {0 | 29 |31 Overfiow —test
36 37 38 39 (78 |u | 80| 82 |0 |28 |20 —é‘ﬁ%ﬁ‘ﬂﬁ'xl +|y| = (AR)—20,03
40 41 42 43 | 4 8o | 81 |o |17 |2z Overflowl  ping Bell
44 45 46 47 | s 83 | 86 |0 |16 |31 Halt
48 49 50 51 | 82 |u || 84| 84 Jo |28 |25 x| + |yl= (aR)—-1D,
52 53 54 58 || 84 g6 | 86 |c |28 |27 (AR)——>-Tost
56 57 58 59 [ se 90 | 52 o | 21 | 28 —-LZLJ‘LQUE::M =(21,02)— AR
60 61 62 63 || 87 |u || 89| 89 |2 |20 |28 Ll £ol vl = |zo,oo}—a»m
64 65 66 67 | 89 |u | o1 | oz x|z | [x] ~ (20,02)~=—3= AR+
68 69 70 71 || 92 94 | 96 |1 |z | 2v iyl = [x] = (AR)*+ 520,02
72 13 14 15|96 98 | wile |ov |z ly] = x| = (20,02)__*¥8 PNy
% 77 718 19| w 58 | 70 |5 | 28 | a2 Divide
80 81 82 83 |70 |u || 72 | 73 |1 |24 |27 (MQy ) To st
84 B85 86 87 |7z |u f| 75| 77 |0 |24 |20 _Irl<s] R e (MQy)—20,02
88 83 90 91 j7a |u || 76| 88 |6 |24 |8 ——LRE—Q& 0w (MQ,) —> AR
2 98 9% 5oy |y | solsofe |2 | R 5(20,02)_EYE_>ID1
9% 97 98 99 (| s0 |u || 82 ] 83 |0 |25 |24 R ;(Inl)__a..MQl
ug Ul W2 W3 § g3 TR N E Mult,
U4 us Uue 58 63 1o to: o Jliomr:; z (01,63)—>»21,03




Los Angeles 45, California 2 "

Page _= of _—
G-15D Prepared by ___ D, Stein #1203 Date:_ 3=13=57
PROGRAM PROBLEM: Rectangular Coordinates to Polar (G-15D) Line __4
o 1 2 3| L [Pl |N|c|s | [sp NOTES
4 5 8 1| 63 6| 17 |3 | o1]zs El-‘—a- A%t} From 4%
8 8 10 M| us ws | 34 |o |o1 |28 by # (01,ub)—wlQy
2 13 ¥ 15| 36| 38 |5 |26 |2 R? w (PNy 1)—»21,00, 01
B 17 18 18| s 0 | 45 |4 |21 |25 R w (21,00,00)—>1ID, ; =T
20 21 2 23 45 56 fuz [0 |24 |31 Mult, -
24 25 26 27 | uz |u fus |ua o |2t |28 Eomm} e (21,02)—»AR
28 29 30 3 || us us |ué |0 | 31 |31 NC Fro-m AR Ei—:—»A'IEt
2 33 M 35| 17 19| 20 |2 |26 |20 ,PNI_——*AR.}-
36 37 38 39| 20 (fuf 2226 |1 |28 |z4 (AR) —t>-uQ,
0 41 42 4 26 |u || 28| 28 |¢ | 2t | 28 Eomm} m (21,03)—>=AR--
44 45 46 47| 28 |u || 30| 30 |z |01 |29 E - ooﬂ s (01.29)——>AR+
48 49 50 51 | 2o oz | oo |o |00 |oo {r » 002}
52 53 54 55 | 30 |u f's2| 320 [28 |21 @Odifig@,» = (AR)—-21,03
ommand
56 57 58 59 || s2 |u [ za| 35 fo |28 |29 (AR)}—> &+
60 61 62 63 35 371 37 lo |29 |31 Overflow —-»Tast (Set)
64 65 66 67 37 |u || 40 | 41 |6 |20 |25 ot Jell = (zo.oz)jﬁml
68 69 70 71 41 56 | 98 |0 | 2a | 31 Mult,
1 B MW B ogg|y fu |uw Jo |26 |28 RY b, (=9} o (PN,) AR
6 71 718 18| w |ufuz |01 |1 |28 |e8 (AR)——> AR
B0 81 82 8| o 11| as fo fou j2o || | é” (01,11)— 5 AR+
84 85 86 87 | 88 9o | 18 |0 |22 |31 T,-AR—>Tost ([aR| - 0)
88 89 90 91 | 18 22 | 2a [o o1 |20 Not setly 1 (61,22)—>20,02
4 92 93 94 95| 4o oo | 24 |2 |28 | 20 Setl 5. AR— 20,02
p 9% 97 98 99 24 |u 26 | 36 o |20 | 28 x = (20,01)—==AR
U ul w2 W s 38 | 39 |0 |22 |31 T, +AR-——>-Tost
?&;‘ u4§ u5 UG 39 |u || 41| 54 |0 |20 |28 x 20| y = (20,00)— AR

108-5.0




FORM
BCD
108-5.0

“Bendi”

Los Angeles 45, California

Page _3 of _L

G-15D Prepared by D, Stein #1203 Da(e:_}ﬂ.ﬂ
PROGRAM PROBLEM: Rectangular Coordinates to Polar (G-15D) L{ine |
0 1 2 3| L (P {T; N {C|[S | D (BP NOTES
4 ] 6 1 040 42 | 043 |3 | 20 | 28 x<0 8 w (20,02)—>AR
8 9 10 M |[ caz3 |u || 45 |48 [0 |01 | 20 Lz (01,44)— AR+
12 13 1B 15 by = 28vy60y
16 17 18 19 | o by = 0x94w95
20 21 22 23 || o4 b, % 0825xx3
24 25 26 27 || cos by & 05wWZ4u6
286 29 30 3 | oos by = 0473282
32 3 M 3B | ow by = 0366439
3 37 38 3| o2 bg ® 0252wal
40 41 42 43 || o1z b, = 013w3w0
44 45 46 47 || o6 bg 2 006X5yx.
48 49 50 51 || 105 bg = 001lwbx
52 53 54 55 | oi1 £ = 2000000
56 57 58 89 || o022 1 » 4000000
60 61 62 63 || o044 % = 8000000
64 65 66 67 | o048 950 |os1 |0 | 28 | 20 (AR) ~—20,02
68 69 70 71 | o051 |u [ 053 |054 |0 | 20 | 28 y = (20,00)—>AR
2 713 14 15 | os2 056 066 [0 | 22 |31 T1*AR —>Test
6 77 78 19 || ose 059 |64 |o |23 |31 y209 Clear
80 81 82 83 || 057 |u ||0s9 |059 {3 |20 | 28 ¥< 0] (20,02) —=AR
84 85 86 87 | os9 061 (o6l |0 | 23 | 31 Clear (Even)
88 89 90 91 || os1 |u [los3 [06a |1 |28 |20 ® = (AR)—>= 20,02
92 93 94 95 | o064 |u [ nse {166 [0 |20 |25 x = (20,01)—>1ID;
96 97 98 99 || 066 |u {068 j069 |0 |25 |24 x = (IDy)—>MQ,
Wo ul w2 ud | ose |+ | uss c23 |0 f24 |31 Mult,
u4 u5 Uub 023 |u (026 027 |5 |26 |21 x° - (PNogl)i—b 21,00, 01




Los Angeles 45, California Page __h_ of _l_;__
G-15D Prepared by D. Stein #1203 pate: 3=13=57
PROGRAM PROBLEM: Rectangular Coordinates to Polar (G-15D) Line
1 T | 1
o 1 2 3| L {Pi | NJC[S | D BP NOTES
& 58 6 1 2 28 |42 |6 |20 |25 vz (20.00)—F1p,
8 9 10 M| o)y || aa| a7 o [25 |24 y = (ID])—=-NQy
12 3 W 15 4 56 | w6 [0 |24 |31 Mult,
6 17 18 19} 00 | 07 |4 |21 |30 X = (21,00,01)—>=PNp 1+
20 2 2 B | or 08 |15 |5 |26 |21 7% = (PNy 1) ——=21,00,01
24 25 26 21 | 15 19 | 31 |o |20 |25 Zy = (20,03)——ID;
28 29 30 3N | oz 33 | 33 o |23 |31 Clear (Even)
32 33 34 35| 33 02 |80 |0 |26 |31 Shift
3 37 38 39| s0 52 |55 |a |21 |26 2% = (21,00,01) —=PFN, ; <]
0 41 42 43 || 55 54 |703 |5 |25 |31 Divide
4 45 46 47 | h03 |u o5 505 Jo |24 |28 2%/22, = (MQy)—= AR
48 43 50 51 | 05 907 |09 fo |25 |29 z2o/f = (ID‘}—>AR+
92 83 54 55 || o9 11 |13 [0 |28 |25 Z, & (AR)—>ID;
56 57 58 59 [ 13 16 | 21 {3 |20 | 29 Zy % (20,03)—> AR+
60 61 62 63 | 21 23 (725 [0 | 25 |20 Zy = (IDy)—=20,03
64 65 66 67 25 02 | 46 |0 |26 |21 Shift
68 63 70 71 | 146 48 | 49 o |22 | 31 T, *AR—-Test (Set)
2 18 W 75| 49 |u || 51|62 o |21 |28 Dot set] E—Sﬁ; = (21,02)—>AR
6 71 18 79 || 52 54 | 54 |0 | 31 |31 ¥ from AR
80 81 82 83
84 85 86 87
88 89 90 91
92 93 94 9
9% 97 98 99
uo uw u2 ul
U4 u5 Uue




LINEAR INTERPOLATION Page 1 0of 3

TITLE
DIVISION OF BENDIX AVIATION CORPORATION Prepared by :

D, Stein Date: 3-13=57
LOS ANGELES 45, CALIFORNIA Approved by:_/zM?M”//ﬁ_’_ No. 1204
i

7

SPECIFICATIONS

TYp®: « « « « « « « « . . .Subroutine for G-15D

Mode of Operationsy . . . . Fixed point, single precision

Executiont . . . » + » . . Command Line 1

Entrys + o« o« o o o o o « o At word time 0359

Exits « « « o« o« « o s o « +Bot, Comm, from Line 1 at word time 067

Scaling: . . « « o « + « o The argument and all tabular values of x
are at one scale, All tabular values of y

are at one scale, not necessarily the seme
scale as the x values,

Data. I'np‘!l‘bf o o o s+ o o o x—'IDu
Ret, Comm,—AR

Pickup Comm, (deferred, T = ®wpw Ty = qgg3,
CH=0, S="L", D= 25, double precision)
—» 21,02 where "L" and "T" specify the

line and location of y.

Dats Outputs . . « « « « « ¥y = AR
xs= 21,01
yi = 20.00
xX; = 20,01
Yi4+1 = 20,02
Xj4] = 20,03

Ret, Comm, = Loc, 067 of Line 1

Execution Time: . . . . . If X<X<Xp,,, then approximately 3+2k
revolutiohs = 90+58k ms,

Error Stops: . « + +7s » » If x<x7, routine will ring bsll and halt.
REMARKS

Short Line Use: . . . . . .Routine uses 20,00, 01, 02, 03 and 21.01,
02, 03.

Table must be stored such that xi‘:xi+1.

Programmer must test for x<x,.




Date: |Page 2 of 3

LINEAR INTERPOLATION

TITLE 3-13-57 No. __ 1204

METHOD

The table is stored in Line "L" starting at even location "T"

as followsse
Y1s X1, Y2, Xz, Yz, Xzy o« o« o o o Yny Xy
wheres

<tq. '
n=545 ¥j = (Lpymi_z), %5 = (Lpygia1)

The argument, x, is compared with each successive value, starting

with X1, until xingxi_Jf_ 1o If x is not equal to x; or X 41s then:

y-yi{:——————x'xi ]( Y(141) - Vi )
Xitl - Xy
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TITLE

Date: Pagei_of_B__

3-13-57 | No. 120L
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PROGRAM PROBLEM .

Prepared by

. Linear Interpolation

Los Angeles 45, California

D, Stein

S, H, Lewis

Page _L of 2_

# 120, Date:__ 3=13-57

Line 01
1

12
16
20
2%
28
32
36
40
44
48
52
56
80
B4
68
1
76
80
84
88
92
96
uo
u4

G-15D
12
5 6
9 10
KR
n o1
2 22
25 2
29 30
33 M
37 3
o 4
45 46
49 50
53 54
57 58
61 62
65 66
69 70
B
1 18
81 82
85 86
89 90
93 o4
97 98
u u2
us  ug

)

15
19
23
21
3

35

39
43

4]
51

5%
58
83
87
n

1%
18
83
87
91
99

L{p|e [N {c|s|D |ep NOTES

59 61| 64 | of 25 | 21 x = ID;——> 21,01

64 69 | 83 [ o] 2s | Ret, Comm, = AR ——> 01.67,

68 0| v | ol | es D1 ckup Conm, = 21.02—> AR
75 79 | 77 | o] 81 | ai NC From AR

{7 T |8 ]aflr [z yi.X1, = L7, 140 ——>1Dg 1

o1 o3 | o5 | cfce |29 | |[%, =001 = o1.85—am+

83 00 | o1 | oo |ao [1, = ool

85 | ull 87 | 87 [ul|z8 | g;i;iiegomm. = AR——>21.02

87 89 | 91 | 3|25 |28 Xy % IDj — T3 AR -

91 93 | 94 | 1{z1 |29 %z 21,01—5AR +

94 96 | 96 | o|zz |z T1. AR ——> Test

96 98 | 61 |0z |z jEZEHJthq = AR — Test >—
97 96 | ur [o]17 |= X <%} Ring Bell |

ul uz | 67 |olis |z Halt

61 | u| 63|67 | 0|25 |ze X1 ] ywyy = IDg—AR FR.P S5 |
62 64 | 66 | 4|25 |20 2T yixg = IDg 4—>21,00, 01
66 |ull 68 [ 69 [ofzs |2 X - X; ® AR—>21,03

69 uf 71 171 o)zl 28 Pickup Comm, % 21,02—>AR

71 | uf 73|73 |o|or |ay LT z oog] 2 01,72 —>AR +

72 0z |00 [0 oo oo (1 = 00z]

73 |ul 75 |75 |0 |28 |21 ¥§2i£§°gomm- = AR —>21,02

(76 77 |77 [0 |31 |31 NC From AR

(jg) T2y 82 [4 L |25 Yi+ls Xi43%L0428¢T+23492100,1 |
82 |uf 84 |84 |3 |25 |28 X{,1% ID] —>AR

8¢ |ul 86 [86 [1]21 |20 x = 21,01 —> AR +

86 88 |88 |c[z2 |m T, .AR——>Test




“Bendi”

Los Angeles 45,Catlifornia Page_2_ of i.
G-15D Prepared by £° HsfeLieI:;vis #1200 Date:_3-13=57
| PROGRAM PROBLEM : LINEAR INTERPOLATION Line 01 |
o 1 2 3| L (P ',{T; N([C|S | D |BP NOTES
4 5 6 1 | g | uff oo|e61]o}zs |27 =2 | xphl ® AR—gTREE—
8 9 10 1 g | ufl 92| 92]0]25 |20 myi+l,xi+1-IDo‘r§20.02,O:
12 13 14 15 || 92 | uf 94| 95 | 3|20 |28 x3 = 30.01—>AR
16 17 18 18] o5 97 | 98 | o235 |3 Clear Even
20 21 2 2| 9 98 [ wo | 1|20 |29 Xi4q = 20,02—>AR+
24 25 26 27 || wo ufl w2 { u2 | 0|28 |25 Xj41 = X3 ® AR—> IDy
26 29 30 3 || uz | uf uwe|uw |O[21 |26 x-x, = 21,03 ——>PN,
32 33 34 35 || us 58 | 74 | 5|25 |31 Divide
B 37 38 38| 74 76 | 80 | 6|24 |25 %Tfi-x; - MQy — YA, 1D
0 4 42 43 | =0 g2 | 90 [ 1|20 |28 Yia1 = 20.02—AR
44 45 46 4] || 90 92 | 93 { 320 |29 Vi = 20,00 —=> AR +
48 49 50 51 | o3 | uf 95| 99 1|28 |28 Yie1 - Y3 * AR—I>AR
52 53 54 55 || 99 ul | u [o|28 |24 Yitl = ¥y = AR—> MY
5 57 58 589 || uz 66 | 65 [ 0|24 |31 Multiply
60 61 62 63 | 55 | uf 58 (588 [5]01 |30 Round Bit = 01,56,57 —> PN+
B4 65 66 67 | s6 00 | 00 |o|oo |00 || Round Bit = z=%
68 69 70 71 j 57 00 | 00 | 4|00 |00
72 13 14 15 | 58 60 | 60 | 0|26 |28 Y - ¥y = PN—— AR
6 71 18 18 | e 6z | 63 | 1|28 |28 2 rR—F54R
80 81 82 83 | s3 66 | 656 | 1]20 |29 ¥y = 20.00—+>AR +
84 B85 86 87 | 65 67 | 67 | 1]28 |28 y = AR—T5 AR
88 89 90 91 | (s87) Return Command
92 93 94 95
9% 97 98 99
ug ut  u2 ul
u4 u5 ué




FORM
108-6.0

?’ncfu/

DIVISION UF BENDIX AVIATION r‘OFH’[JRIITION

LOS ANGELES 45, CALIFORNIA Approved by: \/é/k“/{,,,,/%// No. 1205

OMPLEX " ULTIPLIGATION A0 DIVISION Page 1 of 3
TITLE -
Prepared by: D, Stein Date: 3-13-57

[

SPECIFICATIONS

TYDE:e ¢ o o o o o + o« o o o o o Subroutine for G-15D
Mode of Operation:. . . . . » . . Fixed point, sinyle precision
Execution:s « o+ s+ ¢« + s o ¢ + « o« Command Line 1

Entry:
(a) Multiplication. . « « + « AL word time OLO
(b) Division. + +« « o« o o « « At word time 035

EXitse o ¢ ¢ ¢« o o « o o o s o o +Normal or Overflow Ret. Comm. from AR at
word time 038

Scalingie e«e ¢« s+ o+ o ¢« o o o o » Input and output at decimal scale 10-2

Data Input:. ¢ & 8 o ® ¥ o & ¢ 2 .10"2d—9 22 OO
10™2¢ ———> 22,01
1072 —— 22,02
oLt 2 P— - 22.03

Ret, Comm. for normal return to Line 0—»21.02
Ret. Comm., for return to line O after

overflow——»22.03

Data Outputis « « o o o o o o o o 1072y = 20,00
10-2x = 20,01

Normal Ret. Comm., = 21.02
Overflow Ret. Comm., = 21.03

Input data in Line 22 is preserved after
multiplication only.

Execution Time:
(a) Multiplication. « o « » . .116 msec (L4 rev,)
(b) Division. « « ¢ o s « o o 4261 msec (9 rev.)

Error Stopste + + ¢ + s s « o » o+ None
REMARKS

Programmer must reset coverflow before entering routine. Since Line 22 is
used, magnetic tape write must not be in process during execution of routine.




COMPLEX FULTTPLICATION AND DLVILIOY

Date: Page 2

IR

TITLE

of

3-13<57 | No. 1205

VETHOD

Multiplication:

(a+ib) (c+id)= X]dqéi vl

where:
1072 ¥y = 27 . (102 «2~7)
102y, = 27 . (10° 271

[il@'Q ) (1072 so) - (102 b)) (10-2 -

Division:
a4+ib 2 Xo41 vy
c+id
S
For |c l —/—ldl ( ~2.3) 5
5 (10-2) > +(107%*p) 7,
10° X2 (10_‘2 5y
~ + (1072%¢c) —
(10-2*v)
102 3, = (1072) > ~ (1072¢a) 3,
-2 _
2 2
For |c| < Jal ,
w2 (107¢*b) D4 =C
-2 (107%) [ 2 + (“1023-) 24
].O X2 =
(10“2'(1) 2 c
—_ «10"%%¢c) —
2 + ) 24
-10~2%a) c
-2 E - =20 _]
102 y, = (107%) 2 (107°*b) 5=
(1079°4) -~

)
]

Eio'z- &) (107¢ «o) 4 (10° 1) (1072 ¢

)




Date: Pageiof__

SOMPLEY BOLTEPLIONTROT U
’ 3-13-57{ y,. 1205

TITLE

S
PNy AT 1ol
T o MUK R3]
'

(10¢-2-1 ) (10770 (LY + (10 u) (107¢ c:ﬂ
L —

i
N
-3

10—25’ 1

T
N
-2
o~~~
1
b )
R
)
M
p—

10-2x1 P07 B L ie) - (1(:-*2&-,)(10"2%

. 01.33

01.3L Voo
VRN R
IXECUTE OVERFLOW YES Vg srapesseemyne NE.(Y EXECUTE NORMAL
9T, COMT, (bt OVERF Wk ) RET. COMM,

4

B 01.3%
[ “ER FOR DIV AT 035

Gidoy o

(Crmsy SIGN  [10-2¢ ] - :wg;t)j——

ASSTON a = b
b = -2
< om g
,‘ y
‘ d PR

Y
Y 01.83

) "-‘1»0"28\ _
(107=) [{iT'J‘ +{10"%p " (d/’?ﬁgl

al

S T Z ‘ .
107y, T
e . Chad 2

o

¥yoor, o
5\ 0 e i‘ﬁL\';j'-t’ TEST )
2 0

— I\

01.3

(1072) Eloﬁgb - (lO"Qa)(d/&:j
Y2 Q0-2e) | (10-24)(a/2¢)

1072

0l.30
\;0 Yo Y 0 -

- + L, e
(Ul =120 )




PROGRAM PROBLEM :

“&endi”

G-15D

Prepared by

Los Angeles 45, California

D, Stein
[T PO PP

Page ____l_ of i
#1205 pate: 3-13=57

COMPLEX MULTIPLICATICN AND DIVISION

Line 01

12
16
20
24
28
32
36
40
44
48
52
56
60
64
68
12
16
80
84
88
92
36
uo
u4

13
17
21
25
29
3
31
41
45
49
93
97
b1
65

69
n

n
81
85
89
83
97
u
ud

10
14
18
22
26
30
34

38
42

46
50
o
58
62
66
10
14
18
82
86
80
94
98
u2
ué

"
15
18
23
21
3
35
39
43
41
51
55
59
83
67
1
15
19
83
87
91
95

89
ul

L |P| ¢ | N|c|s|D [sp NOTES |
4O ke | bl 10% T (22,02)—2 51Dy
e fuw ke | w7 |0 1072 5 (22,01) —> My
L7 56 VIO ESTN (TR ik,
uly W | o2 |u | | o 10"be (PN 4 )— 20,02,03
02 o | 05 |5 |22 | 2% 10-24 = {22,00) —¥& 51D,
w v los |oslo |z 207 %a 5 (22,03} ——— MYy
09 56 S S i Myl
66 63 | i 1obag « (g ) —>21.00,01
70 (oI B E i bad + (21.00,01)—1—5PNj q
76 L Y e w (20002903)—%?1\10,1.;
80 32 T I it 1e "2*{51ti+bc) # (PNOJl)f-)QOﬂOZ,OA
8l g6 | an |l 1 4{ad+be)<(20.02,03)IDy
88 |u | 90 GPE e (01.09)——> MYy
89 LE ez » wBO000O
91 w | oo |- Mult,

01 2 | o ——>PNy )+

18 fw | ot oy (RN V%5 20,00

22 2l RECHN VI I B B S “iear (Even)

26 {u &8 | 23 fe ] oo 0% w (22,03)———>IDp

28 |u | 30 | o | 1080w (22.01) —>MQ

31 5 2 Muat

92 oh | 96 |u | 6 | 20 0bag 2 (PNg 1)— 20.02,03
96 98 10 % w {22.02)——2¥3 51D
u0 uy |ous | 3 1672 = §22,00)—— V35 MYy
05 56 | a2 o | | on Muit,

62 oy | o e | e 107lng = (Pl 1)——>21.00,01




FORM
BCD
108-5.0

Los Angeles 45, California
s ' iforni 2 o g

Page 5
G-15D Prapared by Oo rinuic 1208 Dafﬁ—_i——-“lv"“‘”

PROGRAM PROBLEM : COMPLEX MULTIPLICATICN AND DIVISION Line _ 02

01 2 3 Lpﬂf;‘ucs D [se NOTES #

4 5 6 1 |68 0 | fs|e| 2 10-bac = (20.02,03)—>PNg 1

g8 9 10 1| % | 71817 21| 30 10-bbd = (21.00,00)—=>FNg, 1+

2 13 u 15 |7 so | s2|s| 2| 07 (ac - va) =(ag 1) =>2-G0

6 17 18 19 g 8, | 86 |n | 21| 28 10°4 (ac-d)=(21.00,01 )—»1IDg 1

20 21 22 23 |ss 89 | 93lo| o1 | a4 10¢-27T & (01.89)—Myy

28 25 26 27 | 93 10 | o3fc | 2| 3% Mult.,

28 29 30 3 o3 18 | 20|66 | 26 | 30 27 |PNg 4 f—>PNg 1+

32 33 34 3520 full22 | aajo] 2]z 107¢ x = (PNy ) ——>20,01

3 37 38 39 |2 26 33|01 29 | 31 over f1oW ————> Test

40 41 42 43 |33 [uf35 | 36[of21|28 —NMLJCOMJ% (21.02)—>AR

44 45 46 47 3, fulfj3c | 36|o|z1]28 w‘{g mm:}: (21,03)—>AR

48 49 50 51 | % 38 38 ic | 31131 Execute AR (Exit)

205 5 55|55 | I3 | o] 2| % | | cieer

56 57 58 89 |33 Lo | Lafe e |28 |10 2d| = 21.00——> AR

60 61 62 83 [fu1 |uwu L3 | L3jo |28 |20 jm%] « (AR)——> 20.02

64 65 66 67 |L3 LS | L8 |2 | 22 | 28 ilO“ch s | 22.00l)———> AR

8 69 70 71 |us 50 | 5103 |20 |29 | |fzo2a] « (20.00)—=> ar+

2 13 W 1|5 53 | sh|o | 22 | 51 :[“-JQAR—-—é Test

6 11 18 19 |5y 57 | 83jo | 22 | 25 J‘Mlo"’ 2cn(22, 01) —>IDy

B0 8 82 8 55 |uler | 632 |22 |22 | |oocm.on.0e,00 8 8%900

84 85 86 87 |63 [u 65 | 65 |3 |22 |28 10~2a « (22,00)——> AR ’

88 89 80 91 llos [ulf67 | 69 |3 |22 |30 102¢ 5 (22.02)—> PNp+ .

92 93 94 9569 ful71 | 72]1 |28 |22 10728 « (AR)——322.02

96 97 98 99 |72 6 | 77 || e | e 1072 = (Pilg)—Y> 22.00

u ur w2 W3 |77 81 | G3 (o |20 |2 16 4d ¢ (22,01)-——>ID

w4 U5 Us 03 s | oor e 22 | e 1o ”} (72.00)-—WW2 5 PN,
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Page _3 of 5

G-15D Prepared by #1205  Date:_ 3-13-57
PROGRAM PROBLEM : COMPLEX MULTIPLICATICN AND DIVISION _ Line _OL
T I 1
o + 2 3| L P | N|C[S|D|BP NOTES
4 5 6 1 jg 56 | 39|s| e | m Divide
da/2 - (e
8 9 10 " 39 u )-l-l )45 0 2‘14 21 m{:?gd - (1'1\.;‘0)—‘_‘_)21.00
12 13 14 15 |Ls W | s50{6 | 21| 25 (€1.00) ———L88—y 1p,
8 17 18 18|50 se | s fe | ez | o Ao.c0p = (22.00) s 15,
20 21 22 23 |61 56 EICIE 0NN BN/ I B h Hall.
10 T 3 ¢ louadd/?( B
24 25 2 2 12 | w6 |u | % |20 IOMLJ;/Oé} (P, 1)—20.00,0
28 29 3 31 |16 19 | 1o 23| n Clear
23 M 3|19 2 | 23fo |22 | o5 1072} = (22.00)——> 1,
¥ 37 3B 39 (23 c2 | s lo | &b | i Shifi
=P
0 4 42 & 29 32 37 (L | 25 | 20 8,23/2} (ID l)—920 02,03
o | 0-2 2+d2/2¢). (20.02,03) +
44 45 46 47 37 [w L | k25|20 |30 185 {e/pr22 § (20.03,090% 1
8 49 50 51 — By 4
52 53 54 55 |10 T T R Den. = (Pl 1) —2322,00,01
5 57 58 59 |6 b | w2 e | | ey R} =(21.00)———t¥8y 1,
B0 61 62 8 |52 s | 5706 |22 [ | [30730h = (e2.02)— BBy,
84 65 66 67 |57 56 | 07 |c |2y | 3 Mult.
Y
8 6 70 71 o7 10 |1 u |26 |20 1075bd72e o (g, 1)—>20-80
7 1 14 15 |11 W | Wo |23 | N Clear
% 77 718 19 |1 |uw 26 |17 |0 |22 |25 10“3;} (22.03)——>IDy
80 81 82 83 [17 o | 21 fo |a¢ | 2 Shife
84 85 86 87 21 [u 2 |25 |u e |20 105 /2}: (Ig,1)—>20.01,03
., ) 107% (a/2+0d/2
8 8 90 90 (o5 |u 0 | |5 |0 | 192 {prarudsacl) =
-+
2 93 94 95 (20,02,03)+(20.00,01)—>PNg 1+
% 97 98 99 |03 | L[5 |2 |0 (Plg.1)——> 20.02,03
uw u w2 W, c2 | safy |20 |25 (20.02,03)——> 190 N
U4 Uus Uus 58 a1 | oy 152« (oL 58—y




FORM
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Los Angeles 45, California

Page L of i

G-15D Prepared by . bte:m‘ #1205 Date: 3-13-57
PROGRAM PROBLEM : COMPLEX MULTIPLICATION AND DIVISION _ Line _ OL
o 1 2 3| L |P {T; N|{C|S |D (BP NOTES
4 5 6 1 |2 107 = zxTOuSy -
8 9 10 N jo 58 | s3lo el |31 1L,
2 13 1 15 ‘
© 17 1B 18] so | e o
2 2 2 2 g4 65 | 1 )
# 2% % 2 | oo | | o ;
28 29 30 3 |o 3 Sy e
32 33 34 35| s6 | 95 ¢ {on | 20 <20 % (gg) —2Y2520.01
I 37 I/ 39 o 09 3o | 21 | 28 ~ [Conm ¥ = (21.03)—4R
[T B E O S w Lools |21 | 2e Y2k (21,00 —¥1p)
4 45 46 4] | oo 03 | 13 lc |22 | 2y ;‘8:%3 = (22.03)——11,
48 49 50 51 15 g6 | 79 fo |24 | 32 Mult.
52 53 54 55 [ 79 s2 | an b ;‘,»’-21:*(1/ g} = (Pl 1)-»20.02,03
56 57 58 58 |85 88 | 97 |6 |2z |2 10750} . (22.02)—t@ 5T,
60 61 62 63 (o7 02 | wifo 2 | n Shi £t
64 65 66 67 fur fu [lw | ok |u ey |22 18”5242} (ID, 1)—>22.02,03
68 69 70 71 fou 06 | o8 f5 | e | o 10°30/2)= (22.02,00) RN,
13 W 15 os 10 |12 [7 {20 [0 | ]300V (0.02,03) oy 1y
T8 18 |, 16 | 59 (s |26 | | | 3930/5523/%00 ) < (pp )55 00
80 81 82 8 s 60 | o3 fu a1 |os (21.00,01) ——> IDg 3
84 85 86 87 |73 6L | w3 [3 {01 | ey 107 = (1)) ——>Hy
88 89 90 91 [u3 53 | 6o o |l | NOURN
92 93 94 95 |50 Gl | &7 b |20 | vl ,‘543‘;‘;(4‘/;:“(/%2)} 0,15 4
9% 97 98 99 (467 u || 70 71 (L |22 | es Den, = (22.00301)—91})0,1
uo ul w2 ud fl7x lu TS I P S Ho. = (21.00,01) —> PNg 1
u§ us ue 74 0 P DA 1 Divide
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D. Stein
G-15D Prepared by 5. H. Iowis #1205  pate:_3-13=57

PROGRAM PROBLEM :  COMPLEX MULTIPLICATICN AND DIVISION Line _O1
0o 1 2 3 l—;_gT;(Ncs DWBP NOTES
4 5 6 1 27 Jull 2| 30|02k | 2 1072 y = (MQy)—>20.00
8 9 10 1§ 30 32| 331 1| ak 27 (MQ, )—> Test

12 13 14 15

6 17 18 19

20 2 2 23

24 25 26 21

28 29 3 3N

32 3 4 3

¥ 37 3B 3

0 41 42 4

44 45 46 4]

48 43 50 51

52 53 54 55

56 57 58 59

60 61 62 63

64 65 66 67

68 69 70 71

72 13 K05

6 171 18 18

80 81 82 8

84 85 86 87

88 89 90 91 o

92 93 94 95

9% 97 98 99

uo ut u2 u3

u4§ us ub
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DIVISION OF BENDIX AVIATION CORPORATION

xEh Page 1 of 3
TITLE -
Prepared hy: D, Hassell Date: 3-13-57

- "“/
LOS ANGELES 45, CALIFORNIA Approved by: /j[(*/,l__,@h&.ﬁ_//;__/ No. 1206
il —
[0

SPECIFICATIONS

Types. . . . . . . . . . Subroutine for C-15D

Mode of Operations. ., ., .Fixed point, single precision
Executions. , . . . . . ,From Command Line 1

Entrys. . . . . .. . . .First command location = 073
Exits. o v o v o o 4 o JAt word time 054

Scalinge, . . . . . . . .x and a must be given with equal scale
factors,
The exponent "m" is to be scaled at
2-6, However, it can be changed to
another scaling by changing the increment
in 074 to the same scale factor., x® ig
obtained et the scale factor with which
o™ is entered,

Data Imput:. . . . . . . a™ stored in L21 words 000 and 001

stored in L21 word 002

stored in L21 word 003

gtored in AR

]

HeH

Return stored in L1, word 054

Data Outputs. . . . . . .x™ stored in L21, word 001

Execution Times. . ., . . 3 drum revolutions per iteration, Total
time requirement is dependent upon the
degree of precision desired before
termination of calculation, and the choice
of input constants,

Error Stopss. . . . . . .None

REMARKS

The choice of the constant "a" is made with consideration for the esse
in solving a set of numbers to the same exponent and the need for as few
iterations as possible in getting the desired answer. The exponent "m"
will usually be an exponent of nonintegral value,




mth Date: |Page 2 of 3

3-13=57| o, __ 1206

METHOD

Using the Taylor expansiont

-

s el d(xea)+ 3, (x-a )P L., 42 () ()il

n!

na |

where:

®
[

=]

®

®
]
8
—~
3
-
~
»
1
™

= m(ria1). ., (Mensl)a™ "
Let T, be the (n#Hl) term in the above series, i.e.
20

o+ > T

n=1
T, can be expressed as:

T = m(m-1).... (m-n+1)am-n(x-a)"

n
n!
Since:
= men+l(x-a)B=1
Tpo1 m(m-1)...,(m-n+2)a T

Tn can be written as:

T,= (m-n#) (x-a) Tl
n a

m

For n=l, Tn-l LY

Thus, successive terms in the series can be generated by increasing
"n" in the quantitys

(m-n+1)

n
and multiplying by previously obtained quantities. Thege terms are
gonerated until the Tn obtained is sufficiently small,




th Date: Page _é_ot
P
TITLE 3-13=57| No. 1206

FLOW CHART

Preliminary: x—>AR
a™—> L20 words 000,001
m—>L21 word 002
a—-=> L21 word 003
Return Link--—>01,054

01,073

i e e

| mowy

i

p 520,
a "003

.\%

n=1=0—>

L20,
000

1

(nen+1)Z2 5 pN.1

Tn . (m-n4l) (x-a) Q-1
Tnal n a g

f
Lal,
[ (m-n-fl)-l—-? 000

|

L20,
(n— 1 )+1—“‘—_> 000

|

. Tn“'——?

L21,
000

T
T = S0
n 'I‘n_1

L21,
m e o
X, = xn-lm-l-Tnﬁ 001

NO Ve *

xmsam+§o!: Tn

nel

T = (m-n+1) Qx-a)

YES

- ELE= D)

EXIT
01,054
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Los Angeles 45, California 1 2
D, Hassell Page — of —
6-15D o Prepared by Shig Ochi #1206  Date:_3=13=57
PROGRAM PROBLEM : %" Line 01
o 1 2 3| L|Pje | N]|c[s|D[sr NOTES
4 5 6 T fl7s [ulf 76| 781 a|2s |3 Clear
8 9 10 1| g 80 | 8z [ o] 21 | 25 a to ID - 1
12 183 14 15 82 |ul 84| 8a]| 3|21 |29 x - & in AR
6 17 18 19| 84 |uif 86| 86| 1|28 |28 +|x-a|in AR
20 2 22 28 |ul 88| 91| o028 |26 + ]x - al to PN = 1
24 25 2 211 91 58 | 45 | 5| 25 | =1 Divider “-= in MQ - O
28 29 30 3N || a5 |u || 49| 53| 6] 24 | 20 X2 to 20.003; (n-1) to 20,000
32 33 34 35| 53 56 | 58 | 0| 23 | 31 Clear
36 37 38 39 58 62 | 64 | 6] 21 | 25 (m=n+1) to ID = 1
40 41 42 43 | 64 66 | 70 | 1] 21 | 28 (m-n+l) to AR
4 45 46 47 (| 70 |u || 72| 72 {020 |24 ""jTa to MQ - 1
48 49 50 51 |f 72 74 | 75 | 3/ 01 |29 [(m-vnh'l,)s]j in AR
52 53 54 55 [ 75 56 | 25 [of2e |31 Mult: (men+l) 352 in PN - 1
56 57 58 59 || 25 |u || 27| 27 | 1|28 |z @-n+1)«-zl to 21.002
60 61 62 83 | 2 |uw || 29| 34 |0o}20 |28 (n-1) to AR
64 65 66 67 32 |u 36 | 39 | 1]01 |29 n in AR
68 69 70 71 | 39 |u || 41| 48 | o]28 |20 n to 20,000
72 13 14 75| 48 |u || 50 {51 |i|l28 |25 n to ID -1
% 77 18 1951 w6 | 60 | 5|25 |3 Divides <Ay in MQ - 1
80 81 82 8 | 60 |u 62 | 63 | of2a |28 %ﬁT to AR
84 85 86 87 || 63 65 | 67 | o |28 |25 %ﬁm So ID = 1
88 89 90 91 {67 ju | 70| 7t 2|21 |ea Ty t0 MQ = 1
92 93 94 95 | 71 56 | 22 | 0o]24 |31 Mult: T, in PN = 1
9% 87 98 99| 2z |u || 24 |24 |O0]26 |zn F 1| to ar
U0 ut w2 w3 |2¢ |u || 26 |31 |i|es |z Ty in AR
U4 us ub 3t fu || 23 [ 38 | i |zs |2 '_t! Tn, to 21.000
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Los Angeles 45, California p 2 2
. D, Hassell age — of —
G-15D o Prepared by Shig Ochi #1206  pate:_3-13-57

PROGRAM PROBLEM: x" . Line _01 #
o 1 2 3| L|P|e | N]|c|[s | [er NOTES
4 5 6 7 |3 |uf 38|40 |af2 |20 x 0= x, o™, Ty in AR

8 9 10 N |40 |uf 22|42 |2]|28 |21 x,™ to 21,001

12 13 ¥ 15 | g2 |u |l 44 | a7 | 3|01 |28 - £to AR

6 17 18 1947 [u] a0f{s0[2]2n |29 T, |- € in AR

200 21 2 23 |50 |ul 52|53 |0f22 |31 iTnl- £<0 2

24 25 26 21

28 239 30 31 || If thst|is not set] gd back to O3 [and calculate next Ty,

32 33 34 35 || If tpst|is sef, 054 hes return link ko main routine,

% 37 3B 3

0 41 42 43 || conspans:

44 45 46 47 || 35 040000 1 x 2°6

48 49 50 51 || 43 0000004 £

52 53 54 58 || 74 0400000 1x 278

56 57 58 59

60 61 62 63

64 65 66 67

68 69 70 71

2 13 W15

6 71 18 19

80 81 82 8

84 85 86 87

88 89 80 91

92 93 94 95

9% 97 98 99

uo ul w2 ul

l:egél W4 U5 UG




FORM
108-6.0

LOG X Page 1 of 3
TITLE
D!VISICN 9F BENDIX AVIATION CORPORATION Pr'pa"d by: D. I‘Ifssell , Date:__é:]&él
LOS ANGELES 45, CALIFORNIA Approved by : //Zﬂ/&w/zé_ No. 1207
= —
SPECIFICATIONS

TYP6= L A

. s e . . °

Mode of Operation: . . . . .

Execution: . .

Entry: « + o

Exitr ., o o &

Scaling: ., . .

Date Input: .

Data Output: ,

Execution Time:

Error Stops: .

Short Lines Used:

Registers Used:

*

. . Subroutine for G-15D
. o+ Fixed point, single or double precision
« « From Line 01
e« o OSingle precisionr Tord time 00
Double precision: Word time 02
. « Ret, comm, from line 0l, word time Ol
. . Binary scaling on x such that x*2%<1
@{ negative if x > 1)
ot 2728
« « Single precision: x—>»20,00
Double precision: x~-—»20,00 and 20,01
Binary scele factor EX)—=20,01 (ﬁeoessary
for single precision only)

. . Logg x+2™°——=20,01
=5

Logyg x* —=20,03
Ret., Comm,—— 01,01
« « 149 msec (5 rev,)
e« o If XS; 0, routine will ring bell and halt.
. . 20,00, 20,01, 20,02, and 20,03

.« M@y 7, IDy 3, PNy j, and AR




" FORM
BCD
108-7.0

Date: | Page Lol 3
10G X
METHOD
Transform x to a variable y where: 1/ V2 ey =\2
as follows:
let x =w * 20< where: %<w<l (1)

and y --\1—2. W

therefore, logoy = log) N2 + logow  (2)
Use series

logyy = cp (y=1/y+41) + c4 (y-1/y+1)> + cg (y-1/3+1)°
Obtain logyw

from eq (2) logyw = log,y - logp N2
Transform logzw—>1°82"

from eq (1) log,x = logow + X logp2

logzx = logow + X

Finally loggx = logyx/logpe = logpX (,69315)
and log, = = logeleogelo = log,x (434294k)

L

Ref: Approximations for Digital Computers by Cecil Hastings, Jr.
(A research study by the Rand Corporation)
Princeton University Press, 1955, page 165




Date: |Page _}__oi
10G X
TITLE 3=13=57 | No. __ 1207
PRELIMINARY : SINGLE PRECISION DOUBLE PRECISION
X ——% 20,00 X——> 20,00,20,01
Binary Scale Factor—»20.01
Return Link ——> AR
01.00 01.02
Single Precision Double Precision
Entry Entry
AR —"_—'—? Olool AR '—__% Olool
01.00 01,02
! 013 ygs RING BELL YES : 01.1h
= Z
x =0 ? #:}~———*—~ HALT _‘r___<:, x =0 2 :)
y NO 01,23 yNO  01.72
x ——> M x——> M
Binary SF——> AR =29 ————>AR
Normalize x =W Normalize X =W
AR = X AR = X

O1. 3§

Transform w to a |
=] Variable y where

\]:2: <y 7 Ve il

\ 01.98

Compute logy y

I‘°32Y'°1<y j>>-ﬁ-@ @'_5 g yml\b

01, u
Compute ‘

Log,y-Logy\| 2 =log w |

Y 01,50

Compute
gow+okLlogox

1 01,61

Compute
ngex-Logzx/Log e———> 20,01

01.60

Compute

Logy gx=LogeX/Loggl0 ~— 7 20.0

01.01
B

a1 e bt o o S 2 A

|

¥




G-15D
PROGRAM PROBLEM:

0
4

8
12
16
20
24
28
32
36
40
44
48
52
56
80
B4
88
1
18
80
84
88
82
96
uo
u4

1
9
9
13
17
21
25
29
3
31
41
45
49
83
o7
61
85

89
3

n
81
8%
88
93

97
)

us

2
6
10
14
18
22
26
30
34
38
42

46
50
o
58
62
66
10
14
18
82
86
90
94
98
u2
us

3
1
"
15
19
23
21
31
35
39
43
41
o1
5%
59
63
67
n
15
18
83
87
91
85

99
u3

Los Angeles 45, California Page E__ of li_
Prepared by D. Hassell #1207  pate:_3=13-57
10G X Line _O01
L |P °LTL N([C|[S D |BP NOTES
00 0L oy |of28 |01 Single Precision, Link
oL 07 |08 023 |31 Clear 2wd registers
08 12 |13 |6]20 |2k X % MQ
13 16 |17 |1]20 |28 x————> AR
17 20 |21 |0 |22 |31 AR <o ?
21 2 {22 {o]20 |27 No 20,00 =0?
22 21 |26 |o]i7 |31 YES Ring Bell <]
26 28 |29 |o 16 |31 Halt
23 25 {27 |1]20 |28 NO 20.0l=(BSF exponent)—>AR
02 0oL [03 |0 |28 |OL Doubi;-;;;cision_ii;;
H03 06 |09 [0]23 |31 Clear 2 word register
09 12 (1 |4 |20 |24 2000/2001 ——> M0 1
I 17 |24 |0 |20 |27 2001 = 0 ?
2l 28 [ 80 |0 |20 |27 Yes 2000 = 0 ?
Wzs 28 |33 |of20 |28 No 2000 ——>AR
80 00 |22 |o oL |oiL Yes (Time link)
81 00 (25 |o o1 |ou No (Time link)
33 70 |72 |0 |22 |31 AR << 0 2
72 7h |27 11 [oa |28 No  (=29-2720)m01,7—¥AR
73 00 |22 |ofjor |01 (Time link)
) 292728
27 vip |35 [0 |27 (31 Normalize MQ = w
35 37 {38 |1 |28 J20 (BSF)=AR —-—% 20,01
38 39 |L1 Jo |or |25 Y2 — 1D
(39) V2 . 272
L1 56 |98 [o |2k |31 V2 v w=y




“&endi”

Los Angeles 45, California

Page 2 of U

G-15D Prepared by _ D. Hassell #1207 Date:_3-13-5T
PROGRAM PROBLEM: 10G Line __ 01
o 1 2 3| L|Pje|N]|c|s |0 [ NOTES
d 5 6 71 |98 99 | w0 | 0]26 |20 y ~———>20,03
8 9 10 1 {w w3 | uh [ 1|20 |28 y - AR
2 3 W 6] 12 |16 |o]o1 |20 1:2"2 ——> 20,00
% 17 18 19 |12 1op=2
20 21 22 23 [ a6 20 | 29 {120 |29 y +1
24 2% 26 27 |29 31 {32 |o|28 |25 y + 1—>In
28 29 30 3 |30 35 (3 1|20 |28 y ——> AR
32 33 M 3|3 Lo [ L2 |3 ]20 |29 y - 1—>AR
% 37 8 8 ) L3 |Lb |1 [28 |28 AR——— AR
4 a2 8, bs |47 {of28 |26 Y - 1—3AR
“ & 6 4, 57 lus [1]es |3 L - 9
48 43 50 51 |5 00 {07 |o |au |20 ¢ ——> 20,00
52 53 54 50 | o7 10 |19 Jo |23 |31 Clear registers
5 57 8 88 |9 20 |28 |6 |20 |25 o —— Il
80 61 62 83 |28 32 {37 |6 |20 |24 O —> M,

B¢ 65 66 67 |37 s6 |9k |o|en [ ¢°

68 69 70 71 fon 95 |96 |o |26 |eo 2 ———> 20,03
01 115 | 9% 99 |w1 o [20 |es ¢> —> Ip,
17 718 1M |wu u3 |31 |0 |o1 |2 gy ———> MQy
80 81 82 83 ffu3) cg + 27

84 85 86 87 |31 56 |88 |0 |24 |31 $e . cg

88 89 90 91 |88 89 |92 |o |26 |28 02 cg ——> AR
82 93 94 95 |o 93 {95 |1 Jor o9 WPcq + g

8 97 98 99 {f93) cq o 25

uo w1 w2 U3 | 97 |99 lo le8 l2s ¢2cg + cq ———>ID;
ud U5 Up 99 w3 |53 |0 |20 | 2 My




Los Angeles 45, California Pagei’_ of ._h_.
6-15D Prepared by D. Hassell #1207 Date:_3-13-57
PROGRAM PROBLEM : 0G X Line 01
o 1 2 st |efa]n]c]s]o e NOTES
4 5 6 1| 53 56 |06 |o] 2| 3 0° (Pcoesy)
8 8 10 W} o7 |30 |o]| 26 | 28 b2 [p20csos]
2 13 1 15| 30 3 |bo 1| a2 02 [ §Pogrcy | #ey
6 17 18 18 | () oy +2°5 |
2 0 2 B | [u |k [o]28|es 02 [ Rogro ] 40y ——>ID
4 25 26 21| u6 b8 |Lo |6 |20 | 2u ¢ —> Moy
2 20 30 3| L % (w6 0|2 |3 ¢yd+0 PP ec tPrlog,y
32 3 M B | v 07 [10 jo | 26 | 28 Log,y ———> AR ]
3 37 3B 3| 10 13 |L3 |of23 |3 Cle;r register
0 41 42 43 [ 43 L |45 |1 ] 28 | 28 AR ——— > AR
44 45 € 47 13 51 |52 |3 oL |29 logy - Log 2|2 = Log w
48 48 50 51 | (s1) Logy |2 27
52\," 5 54 55 || 52 55 [56 (1] 28 |20 Logow ——-> 20.03
56 5 58 5| 5 57 |59 o | 20 | 2l L~ My
60 61 62 83| 5 b (L8 fo |26 | 3 Shift 23 bits
|64 85 88 6 | us | i |50 o |2 |20 o——» 20,01
168 6 70 T 50 51 |sy (1] 20 | 28 Logg¥ —> AR
7 N WO oy 57 |58 |3 ] 202 Loggw + X = Logpx
1 771 78 18 | s8 60 |61 |1 | 28 | 20 Logpx —— 20,00
80 81 82 8 | a1 6L |66 |6 |20 | 25 Logox ——» Iy
84 85 868 87 || 66 67 |69 [0 |01 |24 £ —> My
88 89 980 81 || 49 56 |55 |o |2y | 31 Logp¥ o f3 = Logex
82 83 94 95 | (67) f;  (69314)
9% 97 98 99 || 55 57 |60 [0 | 26 | 20 LogeX ——> 20,01
U Ut w2 W o 61 |62 [0 |20 |25 Log.x —> IO
4 us ug 62 65 |71 |0 [o1L |24 fo —> M




FORM
108-5.0

“&endir”

Los Angeles 45, California

Page h_ of L

G-15D

PROGRAM PROBLEM :
0 1 2
4 5 6
8 9 10
12 3 |
16 17 18
20 21 22
24 25 26
28 29 30
2 B U
6 37 38
0 4 42
4 45 46
48 49 50
52 53 54
% 57 58
80 61 62
64 65 66
68 69 70
7 1 N
16 77 78
80 81 82
84 85 86
8 89 90
82 93 94
9% 97 98
uo ul w2
u4 u5 ué

3
1

)
15
19
23
21
31
35
39
4
41
o1
35
59
83
67
n
15
19
83
81
81
85

99
u3

Prepared by D. Hassell #1207  pate:_3-13-57_
X Line ___jg;___#
T "—F*
L bo| N S| D hBP NOTES

(65) (£,)

71 56 |57 2h |31 Logex o fo = Logygx

57 59 |01 26 |20 Log; ;x ——> 20.03

u? [—y szLJ )Gonverts check sum to index

Bnumber =102 -~ D




e* _ Page 1 of 3
TITLE
Prepared by: D. Hassell Date: 3.312.57
LOS ANGELES 45, CALIFORNIA Approved by: ) L . | Ne. 1208
h N o B e A U,
SPECIFICATION

TYP&: o o ¢« + o « « s o + + o Subroutine for G-15D
Mode of Operation . . . . . . Fixed point, single precision
Execution . . . . . . . . . . From Line 01
Entry . . . . +. . ¢+ 4+« + « At memory location 01.00
Exite « « o . . . .:. « « + o Heturn command from 01.01
Scaling « . « . . + . . . . . Input | < 19.35
output 2728 ¢ &*< 227
INPUL « o o v o v v v v o 0 . X22°D —> 20,00
. Return command —s AR
Output. » « v o o « « « o . . &€ (Integer part) 2727 > MQy
(Fractional part) 2 s M,
Return Command = 01.01
Execution Time . . . . . . . 319 msec (11 rev)
Error Stops « « « + « « + .« « If x| > 19.35 routine will ring
bell and halt.

Short Lines Used. . . . .. . 20.00 thru 20.03

REMARKS

If x < 0 the output can be thought of as being in MQO scaled 20.

FORM
144
‘“""ﬁ.




Date:

TITLE ‘3‘13;57

Page 2 of 3
No. 1208

(L

¢
108-17.0

METHOD

X

Convert x to an exponent z so that 10% = e as follows:

Let x-LoglOe = 7z

(1)
(2)

then 10% = ¥
Let 2z =1 + f where I = Integer and f = fraction (3)
use series 10f = [1 + a1f+a2f2 * e * a7f{] 2

a.l = 101512,9277,603
a; = 6627 ,3088,429
a3 = .2543,9357,LL
aj, = .0729,5173,666
ag = .0174,2111,988
ag = .0025,5L91,796
a; = .0009,326L,267

10% is stored in routine where; 0< I < 8

from eq. (2) 10% = 10%+10f (L)

and finally from eq. (2) and eq. (L) 10L+10f = &%

Ref: Approximations for Digital Computers by Cecil Hastings
(a research study by the Rand Corporation)
Princeton University Press, 1955, page 1L




N
ll

Ihteger4.fact10n

01,13

-a7fZFa6f§+a5f5 4f4+a3f§ya2f%-alﬂ+l

Compute 107

01.58

Dummy comm ——» AR
AR+I—— AR

formsfggb}SI look up

et 01.69
mpute
10%. 10? -10% e *
A —eT Tl ——_ _ B 01.70
Com
o*— MQy 4 TX = x® &MQO 1
01,01
Y EXIT - \
" o1.01

Date: Page 3 of 3
TITLE 3-13-57 | No. _1208
FLOW CHART
Preliminery: xe2~2— 20,00
Return Link-—=AR
Q01,00
Entry
AR-—01,01
‘01002 01¢14
<ix S 19 35?> yes | Ring Bell
< Halt
01,21 0 1e 01,22
t . - set sw
rpé%o;ﬁ?%iéé) x< 07 yoo to dlvide
&1 = om):
10,29
Bompute
| z = x logyg - y




Los Angeies 45, California

4

Page 1 of _%
G-15D Prepared by D, Hassell #1208 Date:_3-13-57
PROGRAM PROBLEM : x (G-15D) Line
=
0 1 2 3| L e | N {c|s | D [ep NOTES
4 3 6 T | oo 01| oz |ofles | o1 Link
8 9 10 1o 04 | 06 | 2|20 | 28 |x |—aR 2-5
12 13 14 15 | o6 o7 { o8 | 3]c1 | 29 |x| - 19.35—AR
6 17 18 19 | g 10| 14 [of2z | 3 AR O 2 yos—,
20 21 22 B || 15 16 | 18 | 0] 20 28 x—>AR <
24 25 26 27 || 14 13| 20 | o] 17 31 Ring bell <€
28 29 30 3 | 20 17 | 22 | 0| i6 31 Halt
32 33 34 35| 18 20| 21 | o] 22 31 ARL 0 ? <
B 37 38 39| 21 25 | 28 | o]o1 | 28 set dummy no div. "
0 41 42 48| 2 24 | 26 | 328 | 20 set dummy to irlm yeud
4 45 46 4] | 27 | 28 | o]o1 | 28 ( set Link comm,
48 43 30 51§ o 69 | 29 [ 028 | o1 :
2 53 M5 29 30 31 6] 01 25 Logig e —>1ID1,0
% 5§ 8 5| 5 32 | 35 | 6|20 | 24 x —>MQ; 25
60 61 62 63 | 55 56 | 98 { 0|24 | 31 Logig 8°X = % 2~5
64 65 66 67 || 98 99 | uwo | O 26 8. z —> AR
68 69 70 71 | wo uz | w3 | o 28 24
7 B 10| 3 10|09 |02 | 3 Shift 10 wts,
6 77 18 18 || oo 10|11 |o]lea | 20 £o 20— 20,02
80 81 82 8 |1 02 [ 13 |olze | = 122 £ g,
84 85 86 87 | 13 16 | 17 | 6[01 | 25 a,—>ID;
88 89 90 91 | 17 19 | 24 [ 0|24 | 20 I —> 20,03
82 93 94 95 | 24 26 | 33 [ 6|20 | 24 £
9% 97 98 99 | 33 56 | 99 [o]24 | 31 agef
U Ut w2 w3 o9 ul | w2 [1fo1 | 20 ar°f + ag
u4é u5 Uus u2 u3 [ ua [ 026 25




Los Angeles 45, California

Page _2 of _4

G-15D } Prepared by D, Hassell #1208 Date:13=3=57
PROGRAM PROBLEM: e (G=15D) Line 01
= - =

0 1 2 3 L {; N S| D |BP NOTES

4 5 6 7 || ue u6 | 03 20 | 24 £

8 9 10 1| o3 56 | 60 24 | 31 (agf+ag) £

12 13 14 15 | 60 61 | 62 o1 | 30 (agftag) £+ag

16 17 18 19 | 62 63 | 64 26 25

20 21 22 23 || 64 66 | 67 20 | 24 £

2 25 2% 21| 67 56 | 32 24 | 31 [(agftag) t+ag| £

28 29 30 31 | 32 37 | 28 01 | 30 arfstagfiy agfia,

92 33 34 35 || 38 39 | 40 26 | 25

36 37 38 39 | 40 42 | 43 20 | 24 £
0 4 42 43 | 43 56 | us 24 | 31 8t agfoy a2y ayf

44 45 46 47 || uws 05 | 10 or | 20 ot agfSy a5t JEIIe

48 49 50 51 | 10 11 | 34 26 25

52 53 54 55 || 34 38 | 39 20 | 24 £

56 57 58 59 [ 39 56 | u6 24 | 31 ap % agthy agf®y e 0% agf

60 61 62 63 || us 4l | 42 01 | 30 a7t agfty a3y agf2y azfyap
64 65 66 67 | 42 43 | 44 26 25

68 69 70 71 | 44 46 | 47 20 24, .

72 713 14 15| 47 56 | 04 24 | 31 a,,f‘i'_ agf5y a5ttt agfd apfapt
6 77 718 19 | o4 45 | 48 o1 | 20 h778 agr% agtiasrd a3f§. anfta
80 81 82 8 | 45 49 | 50 26 | 25

84 85 86 87 | 50 54 | 55 20 |24 £

88 89 90 91 55 56 | 49 24 | 31 a7 £ agrS 055 ayf% as% aaf3 af
92 83 94 95 | 4 51 | 52 or | 20 bty a6tSy a5y agth asfiazifaiftl
9% 97 98 99 | 52 53 | 54 26 25

up w1l u2 U3 || 54 55 | 57 25 | 24

u4 us U 57 56 | 53 24 | 31 0¥y




76’”‘/,;/ Los Angeles 45, California Page __{ of i
G-15D Prepared by D, Hassell #1208 Date:_3~13=57

PROGRAM PROBLEM : e* (G=15D) Line 0L

o 1 2 3| L |P {TL N ([{C|]S | D |BP NOTES

4 5 6 1 |53 55 |56 o 26| 24

8 9 10 1 g 59 |63 |1 | 20| 28 I— AR

2 13 W 15|63 |[ullss |58 |2 28] 29 21

6 17 18 1| 59 |65 |0 | QL | 29

20 21 22 B fes 67 |67 |o| 3| 3 N.Co~——AR

“ B % 2 | M NERE:! Multiply |

2 29 30 3 e 68 |71 |u | 26 | 2l & SMg. ® |

32 33 M 33BN of [or (o] 26 | 31 Shift e* (exit) - 29

% 3 3 3870 | |72 | |26 |28 e ™=—>1p; , ®

0 4 42 43 |7 7% |79 |L|or|26 1———> PN

44 45 46 41 |79 57 |or |5 |25 | 3 L =™ (exit)

48 49 50 51

52 53 54 55

5 57 58 59 | go-1 100 . 2727

80 61 62 63 | 82-3 10t . 2727

B4 65 66 67 | 8L-5 10% ° 2=27

68 69 70 71 [86-7 10° ° =27

2 13 4 15 |s8sg 10k o 2=27

% 77 18 19 |90 100 ° 227

80 81 82 83 | 92-3 1cf - 2727

84 85 86 87 | Su-5 107 ° 2727

88 89 90 91 |l 96-7 108 ° 2-27

92 93 94 95 || 76-7 1 2.3%

9% 97 98 99

uo w1 u2 w3

1:%’(_??'1 U4 U5 UB




PROGRAM PROBLEM:

0
4

8
12
16
20
24
28
32
36
40
44
48
52
56
80

64

68
1
18
80
84
88
82
96
uo
u4

G-15D
12
5 6
9 10
" "
n 1"
2 2
25 2
29 30
3 u
3738
a e
45 46
49 50
53 54
57 58
61 62

65 66
69 70
B
18
81 82
85 86
89 90
83 o
97 98
u w2
us U

3
1
)
15
18
23
21
3
35
39
43
41
ot
95
5
83
87
1
1%
19
83
87
81
85

88
ul

C.ompt/fer

Los Angeles 45, California

Page _4 of

4

Prepared by D. Hassell #1208 pate: 3-13-57
o™ (G-15D) Line O
T m | —

L {Pl | N|C[S|D/[BP NOTES
(o7) 19,36 * 270
(23) B6 | 26 | 4| 24 31 dummy
(27) 66 | 70 | 4| 24 31 dummy
(30) log,, ©
(16) a, = (,0009326426)
(ul1) ag & (.00265491796)
(61) 8 = (,0174211198)

(37) ay = (.072965173666)
(08) az = (.26439367484)
(41) a, = (.6627,3088,429)

(46) ay & (1,1612,92177603)

(51) (1)
(69) | w |80 69 4|01 25 1°¥‘“*'Ino.1 clear PNj

(u7)

a constant used to set up
index number




INTERCOM SUZROUTINE Sine Page 1 of 2
TITLE
Prepared by: Wwilliam Xrause Date: 3-13-57

DIVIS!ON OF BENDIX AVIATION CORPORATION

Los ANGELES 45, cALIFORNIA Approved by : BENDIX RADIO DIVISION No.

APPROXIMATIONS USED:

Function: Sin 9//2 x
Range: -1 &£x €1
Approx: Sin?Y/Z £ - Gl X +03 x3 + 05 x5 + c7 x7

C, 1.570794852
Cy - 615920978
Cg .079487663
C, -.00L362L76

Max. Relative Error: »000001

Function: Arcsine x = /2 - Vix Y (x)

Range 0£x 41

Approxi W#(x) = a5 + a1 X + ap x2 + asg x3 + a), o+ 357 x5

a, 1.570795207
a, =.214512362
a,  .087876311
ay  -.0LL95888L
3, 019349939
ag  =.00L337769

Use is made of trig. ddonuiiicn:
cos Tr/2 x = sin /2 {(x + 1) for cos routine

FORM
108-6.0




Date: Page

DNTEACOU BUsBrROUILHE  Ldle

TITLE 3-13=57 | No.

2

of

APPROXIMATIONS USED: Continued

Sin 6 = tan © for arctan routine

-\|l+tan29

Greater accuracy of the routines may be achieved by inserting the
constants via an interdom program prior to punching the routine on
tape. For example, to obtain Cl, use programs:

Clear and add 51,15707
Add Lé6.9L852
Store in loc 036

If it is known that the angle (of which the sine or cosine is to be

obtained) lies within a certain 180° range, the routine may be speeded
considerably by dividing by appropriate constant ( 77/2 or 90) after

putting angle in principal value range (04cos © < 180 or
-90 £ sin © < 90), then entering at 015 for cos and 017 for sin.

ENTRIES

sin © degrees 000
radius 00l

cos © degrees 003
radius OOL

arctan X 037

arcsin X Olly

Inputs © or x to A register
Qutput: x or € in A register

sin ent = 0,1
cos ent = 3,4
arctan ent = 3’7
arcsin ent = LL

Reference: Hastings Approx. for Digital Computers.




Fendi”
wf{ms ANGELES 45, CALIF. Page 1 of b

G-15 Prepared by William Krause Date: 3=13-57
|N|T>%R0cg M ORDERS NTERCOM SUBROUTINE _Sine ” Line
- - —— =
N OTES lLocaTioN OF R |aDDRESS| & (A)
Multiply by 7y/180 0 67 | 028 0
Divide by 77/2 1 Lz 29 0
Transfer to (6) 2 19 06 0
Multiply by 7/180 3 67 28 0
Divide by 77/2 L Lz 29 0
Add 1 5 Sv 30 0
Add 1 6 Sv 30 0
Transfer if non-neg to (10) 7 10 10 0
Add L 8 Sv 32 0
Transfer if nég to (8) 9 Oov 08 0
Subtract b 10 59 32 0
| _Transfer if non-neg to (10) 11 10 10 0
__Add 2 12 sy | 31 0
__Negate 13 29 00 0
Transfez: if neg to (16) 1 ov 16 0
_Negate 15 29 00 0
Add 1 16 Sv 30 0
Store x 17 5x 71 0
Multiply by x 18 67 77 0
Store x° 19 5x 78 0
Multiply by C7 20 67 | 33 0
Add Cg 21 5v 3 0
Multiply by x° 22 67 78 0
Add Cj 23 5v 35 0
Multiply by x° 2l 67 78 0
'S0 Add Cy 25 5v 36 0
108-4.0




FORM
108-4.0

omputer’ o s ANGELES 45, CALIF. Page 2 of L
G-15 Prepared by William Krause Date: _3-13-57
! N;%R()cg T E0~||! PERS INTERCOM SUBROUTINE Sine Line
— T ToPER] -
N OTESS LOCATION CODE ADDRESS| k (A)

Multiply by |x | 52 67 | 078 0
Add a}, 53 5v 72 0
Multiply by |x | Sk 67 78 0
Add aj3 55 5v 73 0
Multiply by |x | 56 67 78 0
Add ap 57 5v h 0
Multiply by |x | 58 67 78 0
Add aq 59 Sv 75 0
Multi;ly by |x | 60 67 78 0
Add a, 61 5v | 76 0
Multiply \ 1 - [x] 62 61 | 19 0
Subtract 7r/2 63 59 29 0
Store + © 6L 5x 79 0
Clear and add x 65 Lv 77 0
Transfer if neg. to 69 66 Ov 69 0
Clear and Subtract - @ 67 L9 79 0
Return Transfer 68 Lk 00 0
Clear and Add 6 69 Lv 79 0
Return Transfer 70 Ll 00 0
ag 71 -1,8,1,3378

a), 72 14919350

ay 73 H49.LL959

8 7h 19.87876

aq 75 =50.21451

a, 76 51.15708




FORM
108-4.0

g

‘ Ompurer s . os ANGELES 45, CALIF. Page 3 of L
G-15 Prepared by__ William Krause Date: _3-17-57
'N;%R(,cg th EOISPERS INTERCOM SUBROUTINE  Sine Line
—_— ——— ] =
N OTE S LOCATION CODE ADDRESS| k (A)
Multiply by x 26 67 077 0
Return Transfer 27 Ll 00 0
77/180 28 ,9,17L53
77/2 29 1,15708
1 30 1.10000
2 31 1.20000
L 32 1.L0000
Cq 33 -h8.43625
Cg 3L 19. 791,88
Cq 35 -50.64592
1 36 51,15708
Store y 37 5x 077 0
Square y 38 67 77 0
Add 1 39 Sv 30 0
Sq. Rt. L0 07 00 0
Store 1+ y@ L1 5x 78 0
Clear and Add y L2 Lv 77 0
Divide by V1 + 32 L3 Lz 78 0
Store x Ll 5x 77 0
Take abs. value of x LS 13 00 0
-Store | x| L6 5x 78 0
Negate L7 29 00 0
| Add 1 L8 Sv 30 0
Square Rt. L9 07 00 0
Store \[1 - [x| 50 5x 79 0
Clear and add ag 51 Lv 71 0




FORM
108-4.0

‘R’”‘/'/"/\
wf(ms ANGELES 45, CALIF.

Page L of b4
G-15 Prepared by_William Krause Date: _3-13-57
INTERCD M ORDERS  yrercom susOUTINE Sine Line —_—J
N OTES LocaTioN| 2 ER 1ADDRESS ()
, 77
Storage S 78
\

19




