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PROJECT NO. 8L
INTERCQM 1000 DOUBLE PRECISION APPENDIX
TECHNICAL MANUAL

1l. Introduction

In order to increase the versatility of the Intercom 1000 System and

in order to be able to use auxiliary equipment with the Intercom 1000
System, a number of subroutines were developed. These subroutines are
documented in this manual so that the internal structure is available

tec any user,

Some innovations have been introduced here which will not be found

in the January, 1959 issue of Intercom 1000 manual. According to
instructions contained in the manual, in order to enter a subroutine
ons has to use a command beginning with operation code C8., When

this operation code is used, any mathematical subroutine specified

in the address portion will be entered and will operate from line 19,
A1l subroutines beginning with operation code 08 are grouped in the
Appendix I to Interccm 1000, As an additional improvement it has been
decided to develop Appendix II to Intercom 1000, Appendix II contains
essentially the same mathematical subroutines and the only difference
is that they are executed from line 05 instead of from line 19, In
order to enter such subroutines, operation code 02 is used instead of
08, Appendix II does not rcontain input-output routines which are
part of Appendix I,

Since these subroutines are tailor-made for the Intercom 1000 System,
the specifications will not necessarily be of standard form bu! they
will be consistently laid out in the manual, The following pattern

will be used: each subroutine will consist of four partsj specifie

cations, method, flow charts and coding sheets.

K11 subroutines are executed from line 19 if Appendix I is used and
from line 05 if Appendix II is used,

Unless otherwise specified, the argument x (data input) must be placed
in the "A" Register, and the result (date output) will be found also

in the "A" Register¢‘1f
1.1 Appendixfiét (Operation Code 08)

"Intercom 1000, Appendix I® is a tape containing subroutines
which use channel 19 and whose operation code is 08,

Operation of the Appendix is fully explained in the Intercom
1000 Manual (pages 18, 19 of January, 1959 edition CB=029.)
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1,2 Appendix II (Operation Code 02)

(Nete: Operation Code 02 is not listed in the mamal) Appendix
II contains subroutines whose operation code is 02 and which de
not involve channel 19 during their execution, They are executed,
in the double precision system from channel 05,

In a1l other respscts the operation of Appendix II is identical
with that of Appendix I.

Note that Appendix II contains only the fraction length selector
and the mathematical subroutines (square root, logarithms,
exponential, sine, cosine, arc tangent.)

1.3 Comparison between the Appendices

Appendix II generally provides a faster program, for its subroutines
can operate simultaneously with any input or output,

However, the use of Appendix II impedes the "listing of selected

- commands." (See marmal page 16,) This consideration may make it
preferable to use Appendix I exclusively, especially where there

is little input or output during computation,

Nevertheless, even where it is planned to use Appendix II sub-
routines in the final version of a program, it may be advantageous
to replace them temporarily with Appendix I subroutines and the
corresponding 02 operation codes with 08, Thus, unimpeded listing
could be resorted to whenever desired. Once the program is
thoroughly “debugged,” it will be a simple matter to restore the
Appendix II subroutines and the 02 operation codes,

The Appendix II tape contains only mathematical subroutines,
whereas Appendix I contains the same subroutines plus service
routines such as flex-input, flex-output, magnetic tapes, etce
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2. General Description of Subroutines

The following pages contain some details of the Appendix Loader and
the specifications, description of method, flow chart, coding sheets
and memory allocation chart (sexadecimal type=out) of each subroutine,
except the "fraction length selsctor,"™ details of which are given in
Applications Section Project No. 83.

The coding sheets and sexadecimal type-outs are those of Appendix I,
The only difference between the two versions occur where ™19%™ in
the source or destination column has to be changed to 05", and
where the characteristic "6, in the return commands, has to be
changed to characteristic "S™, These changes are listed at the end
of the "spascifications™ for each subroutine,

The check sum or summation constant of each block of tape is in
location u7 of the line (the first number read in), and is used by
the loader to verify whether the tape has been correctly read in.
This and some other auxiliary constants have no effect on the
execution of the program, Differences in these constants between
the two versions are not listed in the "™specifications,*

The error alarm in Intercom 1000 is five bell-rings and printed

periods followed by a halt, The error exit, that is, the command
in a subroutine which leads to the error alarm, 1s listed in the

specifications,
Source 29 is used to obtain zero in most of the subroutines,
2.1 Check Sums

As of April 20, 1959 the following were the check sums of the
subroutines in the two appendices:

ﬁggggg;x I Appendix II

Loadar | WUy vii0z WOy V02
Fraction Selector  ,1001601 " 21001501
Square Root 01002602 - - 21002502
logarithms 1000603 1001503
Exponential »100060L «1001504
Sine-Cosine 1001605 ~ +1002505

Arc Tangent «1000606 ¢~ »1000506



Flex-Input
Flex~Output
Magnetic Tape
Chk~]l Data

CA.1 Commands

Page I of 101

Appendix I Appendix II
»1000607

«1000608

»1003189

«100060u

0100060 v
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3. 1110 Loader

For instructions and codes required to call aw Appendix subroutines,
refer to page 18 of the Intercom 1000 manual,
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341 INTERCOM 1000 (D. P.) AFPENDIX LOADER

FLOW CHART

2

Loader—{>L, 05

Carriage

lStora Instruction in "Look-up Table®™ |
order of "Call Number™ of subrout

No

DY

Ring Bell
v

Wait for typed instruction

{onvert to binary >

(Last instruction?

nerems
ommand

Pick up instruction from table

=0

v

7

Read tape

(Dd not store){ Instruction = 0?

Yes
' ! Check sum. 0.K.?

- 7

No

Stcvfe Subroutine Reverse tape

Sovamme T

D

= Rest of table =07 , ) Read tape

5

‘Rewind tape. | / ‘
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FORM
14
108-11.0
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Los Angoelos 45, Calltornis

, Page 1ot .E
G-15D Propared by _Do Hassell Date:
PROGRAM PROBLEM : Appendix Loader Line 05
[t PILsIN]c|s || NOTES |
7 | Enter from typing ot {P)
ool g 45 | | tine 19————b Line 05
301 .O‘E.OI.S 21.3] N.C, 05,02
02| jubjubibi05425 Replace 00,01 with ulj and uS
.u6| |oojoojs|25}05
«udl  104)0410423131 | poes into 00 clear 2 wd registers
04} ul0910910}25{23| | Clear 23
+09 0910910428431 Wait for ready
100 floj11}0}17431 Ring ball
1 f13(1300f12)31] | cate input
.13 }13[1310[28}31 Walt for regdy
A4 b1ep17(2023)28 q;;?doj)f_..__bm X
17 |19 20} 0} 28} 21 (AR) —————{> 21,03 ‘
.20 }23124[0005} 20 (0222227 ) ——2t> 20,03 ’
.24 L27).280}31}2 ONNCHWD —————{> AR
24" |29l3tlobasles | (ap)——pm, 0 ——D AR
34 }16.76.1.2613) | 1p, = ooomich
74 .63.65.2.25.28 (Iy) = OOONNCH——L AR
.69 1.02.6d.1.26.30 | 1n, = wp0oOOO
68  1.69.7 .t.za.zJ 0 ——IDy
a1 |od.edt2dad | (ma) - amonco
89 1.90.14.2.24.29 | (1my) = WDOODD —2—p AR+ = DNACH
-1* u.Bﬁ.uC.0.0G.H Dec/Bin command conversion
ou( .14.19,.6.21.3:1 NeCo 19,19 see 00,19
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Los Angeles 45, Calltornla o g
‘\/ Page 2 of Z_
Q 6-15D Propared by D, Hassell Date:
! PROGRAM PROBLEM: Appendix Loader Line 05
ll. PIeTN]e]s o NOTES
Enter from command conv.
40| d73.07345.21.81 | | y.o. 05.73
73| J08485.1.2631 | | Shirt CH = (ID,) to destination position _
085 o83.8“c0-26-21 U-DNNOOO e "\21‘03
84| Josfeef2f25.28 | | cu0-28 . (4R
086 087188020260429 (WDNNOOO) S \‘\AR.‘
-88 091192.3031029 (OONNOOO) oL {)AR. - WDOOmH
.92 494 196 J4.[28 425 (AR) (- IDpy 1
096 199101|0q31128 (OONN(X)O) ‘I AR
05| 0643440405429 Durmy table store command . * !~ AR+
031‘ 13913910-31431 Obey AR
<69 7617410422431} | pp¢ o7 Typewriter input complete?
No A
74 0340740105403 Z Type a carriage return
07| Jogloofojos}3r| |
Yas
075 76»77 2 24 28 (MQO) - 0“' . S"AR
077 42.36»2;05 05 o {‘._ os.hz *» i Os.hz L J 1 - \)AR
.36 b36)36l0 |28 31 | Wait 4
| .38 [40{83}0}15{31] | Read tape
FORM

_3CD ,
104-11.0 W—-—-—-——-—-————-——-—-—‘,
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(\, Los Angoelos 45, Califernia page ..3... o .2.
G-15D Prepared by _ D, Hassell Date:
PROGRAM PROBLEM : Appendix Loader Liae 05
[ L [PFen]c[s o NOTES
No
90| J91.J41jo.o0.p0 N.C. 05:hl
Ji1] udoolds3fodos 27 Through reading?
Yes
063 d6546740400431| | Set reamrk
671  46941540415431 Read
015 .17.19.0.00.31 _Set ready
19| 4213540406431 Reverse
35| d4364394{1423428] | 23,00 - {~AR
o be39] {uo{70{3i0s¢es| | (05.40)- - >ARe
70|  471481{0428{27 AR = 0?
=0
81| §82497{142L{27 (MQg) = 07
=0
971 49849941405424 Non=zero {-MJg
99! J13{1641408428 IWO0000 - -~ AR
16| 1043040405423 (05.40) - i 23,00
30| de2le24ode24n| | ar {02
[ 4
621  46149540400431 Set ready
95| 197{usj0lo6{31] | Reverse
x5l 9243003407829 | "(0100000) AR+
- ' |
.98 looju3jolooi3ll | Set -eady
FORM ‘
102519.0W~
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Los Angoeles 45, Caliternia . -
N~ page _fi o1 3
G-15D Prepared by D. Hassell Date:
PROGRAM PROBLEM : Appencix Loader Line _05
L [pTeTn]c]s [ofe  NOTES
3| Jf5.p2.0.09.81 Reset overflow
82| JBaPIJLRIRET | gap0 - -{-MQ
Increment table lookup
064 .77.78.0-05028 | (05071) R DAR
‘\/ 080 077 {75.0-28:05 Restore (AR)' "‘»““"DOS.??
91| 39600529 | | s5er to store dnput
94|  Ju7J26.J0.128.105 (AR)
.26 426426402831
.27/ Ju7 408 41 419,28
.08 uJ09{1243419.29
W12 43043210428 427
.32 134 u7¢0‘00.00
.33 35}/21{0406{31
.21 21121}0{28¢31
- .22| uj23|2s}1{24{19
25| |27]26}0l15{31
FORM | » | 4 , | |
8CD : i .
".""GMW




FORM
|o=5¥%o

G-15D
PROGRAM PROBLEM :

R 2>

Appendix Loader

Page 11 of 101,

';’ I Lis luulnyﬂ.calltunn

Prepared by D, Hassell

Page 5 o &
Date:

P

1 of N

c

§

D 5P}

NOTES

Line _05

I

093

U

e‘il‘l 0‘

194

00

+64

+03

68

00

0400

06| . 4400000

023

15

wl

331

314 Oezeees

o719

01

00

0

00

00| .¢100000




Prepared by

pon Hassell,

MEMORY ALLOCATION CHART

Problem .

Intercom 1000 (D.P.)

Appendix Loader,

Cheok Sum

WOyv40z

Line

Page_l_

Pape 12 of 101

of,}_'_

Date 2 April ’59

05.

D e

u?

ve
-8000325

‘Jus

xwlywzx

vée
404222

(TR
69663vz

2
2ve

vo
=1313uve

99
8x1051w

98
67012

63634v8

96

93
61690xz

94
yv1iu385s

9
1454260

y3653zw
(H

-xy60399

94
xx5y0vx

90
5w29000

89
5v12v3x

68
xvSwzzx

87

88
5858v5x

85
x354355

84

5656v3w

83
555u39v

82
x4637v8

81
536171v

80
wx4v385

19
100000

78
50500vx

T

wu248ub

76
vza4lviw

75
axb4xviw

74
83070ul

L4
853752

T2

Four-Word Lines

[14ne

3 2

1

"

85975¢.

0
485139v

6%
4ubu2xe

68
4647719

67
450z1z2

66
wii52zw

66
244752

€4
wxbyOvw

63
414301z

62
4052012

6!

60

59

56

57

56

5%

54

53

52

51

50

Y

28

aT

46

45

34

33

4z

4}
3w3zOvv

40
~49496ve

39
2946wvx

38
28531zx

37
2626713

3€
242439z

3%
252762zw

34
272732z

33
23150xz

32
u26v000

31
104w75z

30
3y3y2xz

29

28
1ylzv39

27
yv0867w

26
lulauld9z

2%
lvlulzz

24
9viwidzw

23
zzzzzz

22
1719713

2i
151539z

20
97180v4

1h9

15230xz

te
2764013

7
9314395

16
u8lyov7

1]
111301z

iq ]
901luzw

13
x0x39z

]
9y2039v

i

x0x19z

10
uOv23z

0%
909392

08
90wy7x

07 )
90011z

06
u942325

08
7220vx

04
909337

03
4400000

02

=y86u0v9

[
- 2026vz

0o

101265
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ke Square Root
Lel Specifications

ENTRY ¢ Loc. 97

EXITs The return from the subroutine will always be made to
L., 00,01 unless a different exit is required, A
return command can then be inserted either in loc,
50, 80 or 98 of this subroutine (See coding sheets).

ERROR EXIT: An error exit will be made to L. 04,26 unless a

different exit is required, A return command can
be inserted in locs 89 of this subroutine (See

coding sheets),
ERROR INDICATION: A negative argument will set up the .error alarm,
DATA INPUTt  Argument x must be placed in the "A" Register (21,00,01)
DATA OUTPUT: A" Register (21,00,01)
RANGE OF ARGUMENT: Any none-negative number that can be expressed in

Intercom 1000, The rgnge is approximately from
2,9x10-38 to 1,07x1038,

EXECUTION TIME:t 5 drum cycles

ACCURACY : Error )
Inswer :; 2
SHORT LINE

LOCATIONS USED: Line 20, wor:ids O, 1
Line 21, words "y 1, 2, 3
Line 22, word O
Line 23, words 2, 3

LOCATIONS NOT
USED IN LONG . \ .
LINE: 00 through 45, and 55, 74, 80, 81, 84, u0 through u7.

CHECK SUM: 1002602 (Appendix I)
1002502 (Appendix II)

- REMARKS ¢ This tape contains an alternative square root subroutine

with entry at 74 instead of 97 which saves one drum
revolution, but which leaves only the following locations
available to the programmer:s 02, O4, 05, 07, 08, 10,
11, 15, 17, 18, 19, 21, 23, 2L, 25, 27, 30, 31, 35, 36,
37, 38, LO, L1, L2, L3, Lk, L5, L6, LB, 50, 51, 53, 55,
56, 58; 62’ 08., 76; 789 195 83, &h, 86’ 889 899 95; 97’
u0=u7. (See page 3 of coding sheets)
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APPENDIX II
VERSION: Changg n19" to WO5" in commands: 12, 32, 51, 59,

Ls2 Method

Let & = Be2b=128, where b is the binary exponent stored with the
fraction B in d.p. floating point,.

r-128

Let /K = Re2 , in floating binary notation,

b 5
If b is even, thenr =2 ¢ 64, R = /B
b+l
If b is odd, then r = 2 ¢ 6l, R = /B/2
Let x = R?; then 1/L < x <1,

IfRy=~a+x (1-ax), where a = 35;2 ,then lR-Rol<2'7
If Ryyy = 1/2 (R, + R;) = 1/k (x/Z) # 3, then R-Ry1 <2714

IR-R21< 2 -28, 1R-R31 < 2-56,

R, and Ry may be determined with suffieient accuracy by single
precision divisions; o nly R} requires a final double precision

division.

If was found during debugging that correct roots of certain
mmbers could be obtained only by filling bits to the right of
single precision Ry and Ry with binary ones. This guarantees
that Ry > Ry = R in all cases.
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Le3 INTERCOM 1000 (D. P,) SQUARE ROOT SUBROUTINE

FLOW CHART .
(97, L6)
L—g——bm, m,
Ja -V (5156
6 = 0? )"—--—b r —{AR
- Yes .
0 58
Exit 00,01 : Clear 22,00
(62)
r 23.Uc
Neg—DAR if b odd
(68)
[B—>D
(19) ' (76) v2

B/2 —pID . ¥es (is b odd?

(89) B6)V. (18) "%
(orror Bt [qYes (V<07 )(}_______‘Skip

(88-75) % O
Ro —{>PN

(90-59) &
—pfuer— PN

| (ggioo) = 0? '1%&% —— PN
(: )M p[R=E

(65) U Yes ~(91,9)
> 0 e——> 22,00 Ryr —A

(98)

th. —3>00.01
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. ‘a Les Angeles 45, Coalifornie

Propared by S.H. Lewis

Pege 1 op 3
Date:_31 Mar. 59

PROG RGA.;: ngollEM ! Intercom 1000 (N.P.) Square Root Subroutine Line 219
L [P TN Tc]s Jolr NOTES
97 |8 on0.16.3.[30.p8 b = (30,00) - AR
| U6 s Ji7.)i8.0.P8.PS | | (AR) - -t oDy
1B le oli9.50.0.21.27 (21.01) = 0?
050 |s ,P1.01.0.p1.531 = Exit ----—{>00.01
s1ls bedsabhops| | ﬁ.t[mmhdl e > AR
L 053 |e Mults (To ;hirt)
(96 |s 16 )] ——r.l
«58 1y Clear (22.,00)
A= (AR) -~ {~23e0¢
262 |o { (D) ——-—-1>AR
681, B = (31.00,01) —---- ‘-<(;m%;:
760, J784784042231 ﬁm)< 01 o
| 478|=s 48348340400400 Skip (b even)
19ls loalasloloelsn] 7 snirt (v oda)
03], Joulselolerdes] | (21.c0)—- DaR
.86, losleslole2inn| | Rr)<or
| L88]s {92]95(641942L _? = [J,soooog]‘ S
B89 8 12642604121}31 " Error exit
95| BubuOpLi9Lhip25421 X = (me'l) ——- {»21,00-03 (L..J z
g . fudenfolanla) | Mult, ‘
6l o beskerholo6l28 | ax = (PNy)—~- 4vaR ;.i
67 o boBe70uk21k2g | x = (21.00,01) - . TDp g |
d . brl72lolisl2d | a e [.ubooooo‘]mm BN ;
- 2852L l-ax = «(AR) T—,-.~~--{> MQ
.79 . buboololaul3y | mult [y, = aex (1-ex)]




o

FORM
8CO
108-11.0

Pape 17 of 101

Los Angeles 45, Californie

Propsred by S.H. Lewis

Page 2_ ot 3_
Dave: 31 Mars 59

LLRUG RGA.M' sP?OILEM ! Intercom 1000 (D.P.) Square Root Subroutins Line 15,

1 P"Igncsol'nw NOTES

490 [ousP3eP3lip6PD R4 . (Php 9) -m4.A1ne,1

93 |, ,D2,b6,0,06,B1 Shift

¢96 [sueP9.P9uhiPLPE | { x = (21,01,02) - - DPNg 4

099 o opIaliT[L.R5.B1 Divide (S.P.) )

el : e _ ,

7 fe JiB.Bhpplep6 ] | 1M (x/77) = (Mog L PN,

oSl Je op5.57.Pep5.B0 g& ® (IDy) -~ DPh,

57 s p9.59.PuP3.p1 Clear {even)

59 lo_ep0ebIlis]19.30 i-.0000001, zzzzzz?} e {-pn9,1+

63 |o oflip5.Dp2.RT (22,00) = 07

¢65 |8 opB.50.3.R9.R2 '”29“;-o~~~»~¢‘22.00

' ~ 0]

266 |Su.p9.9 i L6ERS Ry = (PNG,I) B UNEY

69 |o 02.73.0.26.31 Shift

3l ST R1R6] | x = (21,02,03) L

077 1e ov2d82 01,2531 Divide (D.P.)

.82v.u.8_5.85.h.2h.26 1/L (x/ ;2) -v(MQG’}) ""PNg,g

851s 8648741423428 r o= (23,02) -* 1 AR .

B7[. 8012530 | Rof2 = (X0, 4) Py g 5
911, 792 9l 4l 420421 R = (PN,},}_) : .21..00,01 ,

9L 2 496 9840427421 (27.00) 21,00 |

298], ﬂol 0140421431 Exit 00,01 g

.52 0005010 ’

.00 A AP A :

0l «, 0930001 :

71 11600000 {

.92 600000 o ]
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ey

, 4 g Les Angeles 45, Callfornia
N\ ) Page 3 o1 3
6-15D Propared by _S.H. lewds Date:_31 Mar, 59
PROGRAM PROBLEM : Intercom 1000 (D,P.) Square Root Subroutine Line 1Y
U TP n]c]s |ope NOTES 1_'
oThis J77.800.R127 (21,01) = 0t
.80 s J01,01.0).p1.31 “’.E“J Exit- {200:01
«81!s BL.J00.0.21.28 J2 (21,00) - 45AR
00]s 402402.0,R2,31 (AR)< 07
038 L64260L1431 ! Brror exit
02 {8 0L J06 3,530,128 ':'Jb = (30,00)--<- - {> AR
06[, Jordogdrpbes| | (ar) * i~y
209 s 402412402k 431 Mult., (To shift)
22]. 3404309409 [.ooooouoj Zeeed> AR
U L[, Dsfisle s o |(1D5) ! ~ {>ARe
161, ﬂm 2010428423 r = (AR) - 023,02
(20| ufe2lzodi25d28 | | () % am
22|, dold26dud31des B = (31.00,01) -~ (1D 4
26|, 4284280422431 (AR)< 07
2,288 {324320400,00 Skip (b even)
29lm Jo2)32d0l26d31] | Shift (b odd)
22|s {iulofrolon] | [ .leooooo] - ¢-ma,
JIlle 3643940429422 Clear (22,00) _
039 pudliliji94k 425421 x = (IDy q) — - {»?21.00,01,02,03
See P, 1
A3 | | 000000
33 ' 11600000
| ub | , ] | =ev0z9a3l;
il " -
weemolen?l 1 {1 f | ] 1002602 | .




MEMORY ALLOCATION CHARY Pape 19 of 101 -
Intercon 100oClLL) Page 1 of 1
Problem SOUARE ROOT, Date __ L(19.
Preparod by SsH. Lewis Cheok Stm 1002602 Line 19,
u7 U6 us u4
L002602  |~v0z9224
U3 g ui o
99 98 97 96
352273z 1012vz | y42yzxw [~63632vu
95 94 93 92
~6431335 | y062375 26035z | 4600000
' gi 90 89 68
=5y5y355 |-5x5%x359 |~lulu2vz |-xw5zu78
87 86 85 84
~5u5v33y | 58582xz | 57576z2w
03 62 G 80
55562vw 1-555531u | x4002vw 101 2vz
Fo 78 77 76
25335z | x353000 | 7052732 | 4yby2xz
5 74 73 T2
y5uldlz | wxbh02vv |-4whx2vu | 4ubvz98
T o 69 68
Four-Word Lines 4600000 | 4848274 249352 |~wBAw3zY
67 66 68 64
Line 3 2 1 0 ~hbh62v9 1-4545359 | whBSuzve | 424335w
; 63 62 61 60
"~ 41412xv  |~w244v3T7 |- ) RRLEARL
59 H1 57 456
~3y3227y | vwiydve | 3v3iv2zz | 3uluvix
55 54 63 $2
383933y 23831z 40
51 50 49 40
3535y7x 1012ve y403ls | 32322vv
AT a6 a5 a4
~3236viu | 3030799
43 42 4 40
39 38 37 36
«~2w3133% :
38 34 33 32
u4273v6 4600000 2222278
T 31 30 29 28
220352 u020000
27 26 28 24
Iwlw2xz
23 22 214 20
-981lulz9 16163 3w
19 ia i7 i6
9214397
15 iq 13 12
, 1010v3x 40 yOyy7x
\ t ) Q9 08
20w31lz
07 06 05 04
f 809799
(o3} 02 01 0o
~lulu2vz | 8406zxw | x4002vw 2022xz
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Sl Specifications

ENTRY ¢ Loc. 71 for logjox (word position to be used in
®Perform Subroutine™ Command, - 71)
Loc, 17 for loggx (word position to be used in
®Perform Subroutine™ Command, - 17)
Loc, 08 for logax (word position to be used in
#Perform Subroutine™ Command, - 08)

EXIT: The return from the subroutine will always be made
to L., 00,01 unless a different exit is required. A
return command can then be inserted either in loc.
26 or 75 of this subroutine (See coding sheets).

ERROR EXIT: An error exit will be made to L, OL.26 unless a
different exit is required., A return command can
be inserted in loc., 82 of this subroutine (See
coding sheets).

ERROR INDICATION: A negative or zero argument will be rejected
and will set up the usual error indication,

DATA INPUT: Argument x must be placed in the ™A" Register and
x> 0.

DATA QUTPUT: "“AM Register

RANGE OF ARGUMENT: Any positive non-zero number that can be expressed
in Inte§§om 1000, The range is approximately from
2.9x10~8 o 1,07x1038

EXECUTION TIME: Approximately 22 drum cycles, No attempt has been
made for optimizing this subroutine, rather it was
written to accompany the 1000 Interpretive System,

ACCURACY ¢ Correct to at least 11 significant figures,

SHORT LINE

LOCATIONS USED: Line 20, words 0, 1, 2, 3
Line 21, word O, 1, 2
Line 22, words 0, 1

LOCATIONS NOT

USED IN LONG

LINE: 21, 32, u0-uf,.
(Locations uS, u6, u7 contain sumation and 1dent1£1cation '
constants, These locations can be used for other
purposes, since the constants are not required in the
operation of this subroutine).
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CHECK SUMs¢ 1000603 (Appendix I)
1001503 (Appendix II)

REMARKS ¢ Logarithms of arguments less than unity are expressed
as negative numbers,

APPENDIX II

VERSION: Change source or destination 19 to 05 in the following

comands: 08, ll, 17, 36, hz’ hS’ 509 Sh’ 61’ 62, &“’
70, 72’ 81‘, 85, 86’ 90’ 91’ 960

542 Method

The basic formula used is: loggu = 1/2 ¢ Civ ¢ Cov3 ¢ C3v5 4+ Cyvl »
U=y2

05v9 where v = u#J? 1< u«?

and where*the constants have the following values (courtesy of
Mr, E.T. Federighi of Bemdix Radio Division)

Decimal Sexadec, Scaled 2-3
Cy = 2.8853, 9008, 1790, 0618 Sw551x9 95z6y40
Cyp = 9617, 9667, 3308, 5217 1yw709x 2613x20
Cy = 45770, 8358, 0209, 1610 «1277772 803w510
Cy, - 116, 7299, 2266, 0604 Ox2w6wx x9v77y8
Cg = «3407, 2519, 8333, L4278 Ouy7388 2202z8x8

The logarithms to all hases are just calculated to base 2, then
converted to the required base by the multiplication of a

constant, since: loglox - logzx + logyo2
logex = logox - loge?

The argument is reduced to a fixed point number between 1/4 and
1/2, This represents u/L in the formula

which gives the v of the polynomial above,

The polynomial is then evaluated. The result is complemented if
1410 .
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The values of logarithms for arguments outside of the basic range
are found by adding the proper power of 2 for each bit in the
binary exponents for if
x = u.2P
then: logox = loggu + p

Logarithms to other bases are then found by multiplying by the
proper constant,



@
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5,3 INTERCOM 1000 (D, P,) LOGARITHMS

Logéx Loglox
17 71
\/

Exit cmd-{>AR | [Exit cmd—-{>AR
y = ;

(42)  |[(AR)——{>19,.62
&
() [(a)——-o>P _—
%
(7h) (ID1)~=——{>AR
v
(AR)——{ AR

v

Error Exit éﬁ9_<f (AR) £ 07 :)
I z0
AV

(83) |(30,00)——{ AR

v
(86) |0000081—>AR+

V
(89) |Exp = (AR)—T—{>21,02

U=y <
(93)=(52) Calculate v = u#/2

(58)=(123) [Evaluation of
lgglynomial (logau)

x21 x<1

T )
|

(29)-(55) | Complement logon

-

FLOW CHART

(59)
(61)
(6ls)
(25)

(L)
=()

v

(27,00) — > 21,00

&

| 0000007 —==—{> AR

i

0000001 —{>20,00

92

(4)y—— 1D

v

Shift (1)

w70

31.00 = 0% )_____;17

(5k) 8000000——> PNy

(92)

(01)

(0k)

(11)

(31

(39)

(57)
(62)

v

ID —{> PN+

( (AR) = 07 )

(PN)—>A

=0

(PN)— MQ

v

000008 7-—>AR

v

- (AR)—*—{>AR

V4

(MQ) ——> &

%7

27, ——b21

V4
Eoglo) (logal @og@

AV
- Mult ult
by longZ) be log;oe

05 K A l
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-

f;ﬂp o7
’*ﬂ Los Angolos 46, Calllornis 1 .

, | Page . of 2.
~ G-15D Preparad by Alfred J, da Costa, Da‘te:_6 liars 59.
PROGRAM PROBLEM ! Intercom 1000 (D.P,) Logarithms Subroutine, , Line 192

L [pTuTw]c[s o] NOTES
(Entry for Logzx.)
08 § 264240419428 Sub-exit command = (19.26)--—{O AR
, (Entry for Log e x)
17 ¢ {36{62{0{19{28 Sub-exit command = (19.36)-—{>AR
42 |} {62{71{0428419 ‘Bub-exit command = (AR)— {>19.62
(Entry for Loglo‘xa)
171 ) §724746 {21425
174 | 7517840425428 Bign and most significant digits of mantissa.—.{.AR
L 78 L {79]180}3§28428) Reverse sign
80 | {82}82{0{22{31  Argument x » 0 ? ()< o1}
~ L82 B }26]26}4120131 (x < 0) Error Exit |
L83 B }84}8640}30}28 (x> 0)
.86 |o }88489[3119429
88 0000081
.89 |. 190L93L1,28421 Exponent — {>21.02
.93 |« h02L96L0L26[31 u/b
.96 | b98L02L4G19L26 |
98 | ] eveomas0 ) J2/u
.99 | -.5u82799 J
02 |o o410, 26,24
110 | §12}16}4}25]30
16 | {20}27}5/26}25 (w+v2) / b
Q\/, p27 s U 32.3‘5b7;24 30 ) ‘ y |
3% L {36}38}5426421) | ’ ,:
FORM 1 1 |1 T, |
0s-1n.0838 > 4044344121126 (u -v2) /& ‘ | !
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Los Angolos 45, Calitornia 2 5
C Page ___ of
' G-15D Proapared by Alfred J. da Costa Date: 6 Mar. 59.
ﬁ.ogum PROBLEM : Intercom 1000 (B.P.) LOGARLITHMS SUBROUTINEL. Line 19,
L [pTeTn]e[s ol NOTES

63 4 645245425830 | L m (y w/2) / (4 $/7)

52 {56458 44 {24 421

58 16016544i21¢25
65 b |Vl0476d0|24131
76 ] 180 841[’4’261 22 v@
'90 L 19439714319423
i% .zzOszBI 6
|.95 ,0uy7388) | ‘
l (Loop 11 Polynomial Evaluation,)

— Lo7 | [uojooluf22fas| | Lo

.00 ¢ p02.02b0.31I31

85 o p30L33php1926 Pick-up command executed from AR

¢33 o |pvAl6410} 24 31

.44 ° 046¢50.4¢26‘25

050 o 456460019429

56 | , 7800000

.60 L] 072-7200022031 (&R)(QZ

.72 . ’
12 B {81}97$3419429 (> 0) " of pick-up cmd, is reduced by 2,

81 .8000000

(Exit from LOOP I,)

L 73 p76p79|4 21424 (< 0) | v -_--_DMQ

b 79 e bVl} L8740 L2413 31

<
o
oo

L91L 4126426

8
FORM [ Z
BCD
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.
P )
h&'

'! *

’#&. S
g;j §
o4 Les Angoles 45, Calitornia 5
| Page 3 of 3_
U 4-15b Propared by Alfred J. da Costa DNISM°
PROGRAM PROBLEM ® Intercém 1000 (D,P.) Logarithms Subroutine. . Line _doo
&L Pﬁgncsolapf NOTES ’
91 { 4034090419430 Add 1/16
03 .1000000 = 1/16
09 b .10‘13'4.26‘24
13 } 4{0642040426{31 Multiply by 8
20} {2242441421428] | exponent
24 b 428*2810‘22131 x(l?
28 § {32]59{5{24421 (x>1) Skip to 59.
29 la [.30.33.4.23.2% | (x<1)
35 | {36{4047424{30
/ 40 ) l42l4715(26{26
()

147 §  §68{51$5426421

151 | 0215540426431

155 b 5645941428428

59 b 6046140427421 Merge characteristio and mantissa
61 | |63j6af3f19428]
.63 »0C00007

|6“ 3 }12;25 |0|19 p20

112 : ] .0000001

(LOOP II: Addition of powers of 2.)

i25 o |28p41l4l21p25

-41 e 1502p4910.26 ;31

W49 o }S2p53L0L314271 | (33,00) s O?

L/ .53 B .54;92-0.28528 (-O) Skip to 92

L54 b 8149200} 19{26 (#0) Add /2,

) T. .
"""'0.&“*“_—“———__”




PIOGH’(GMIISPEOILEM ! Intercom 1000 (D.P,) Loparithms Subreutine, Line __19%
L[PToTN]ec[s[op] NOTES
92  loalor{si2s{3o
01 '. 02404,0}28{27 (AR) # O?
05 p {08l25}4{26}21 ($0)
(Exit from Loop 1I,)
106 B {08{11[4[26{24 (=0)
11 | fisl19{3{19}28
18 0000087
19 | {98)3740427{31
37 |} |38{39}1}28{28
139 | jsolasialaniol
45 L u}49}5740319420
L46 -,2222200
L 48 - 42222200
L57 L }e0l62[0}27{21
(Exit for Log. to hthe base 10,)
This command may be replaced by CoimAnd 26 oF 30,
L62 L 166,7044}19025] | Logyn? —{>ID }See cmds 08, 17
66 | .9280072 ] Logy o2
67 ,9u20908) |
(Exit for Log. to the base e,)
. 36 L 68}, 7014419}, 25
68 | | [ | o2udvx80 ) Log 2
.69 | _ .vuzlnJ
: .70 |. L75077,.0019} 23
~ L7s b }21l21L0f200 2
77 80} 80,4} 20} 31

Page 27 of 101,

Los Arngelas 45,Calltornin

Propared by Alfred J. da Costa

Page 4 o1 3.
Date: 6 Mar, 59.
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Les Anulu“.cmhuu

Page 5 of -

N~ 6-15D Propsred by Alfred J, da Costa, Date: 6 Mars 59.
| PROGRAM PROBLEM : _Intercom 1000 (D,P,) Logarithms Subroutinz, Line ___ 19,
L [P TieTn]c]s [opel NOTES

(Exit for Logarithms to hase 2.)

$26 p jorjo1}o}20{31

| (Polynomial COnstants )

06 095z6y40 l Cq
,07 ' .SW55189J
14 _ «2613x20 Z Co,
15 | 1yw709x J

~ 12 , 80510 y ¢,
.23 «127777= J
L 30 ox9v77y8 ) ch
.31 . .OXZWGWX'-J

b‘

FORM
Bc

0 | | , | .
108-11.0 W



\_ Prepared by

MEMORY ALLOCATION CHART

——

Problem {
—LOGARITHMIC SUBROUTINE

Alfred J. da Costa,

Pare 29 of 101

NINTERCOM 1000 (Double Precision) Page 1 of]

Date

Check Sum

»1000603

Line

»
Mgr.6z‘59.

19

S——

U7 . ’\
1000603

U6

Ju9vvuu -

us -
593061

u4

vl

v2

ui

o

99

1 ~5u82799 .

98
329x240

97
-y4002x8

96
~y20227u

98
uy7388

54

zz0z8x8

9)
26035z

92
-xy0l33y

9i
830927y

90
-xy61279

- |89

3v5x795

88
81

87
=5u5v35u

56
- x859y7x

85
~9y2127u

94
565u2lw

83
55563xw

82
~lulu29z

]
8000000

80
52522xz

79
71257312

TH
5050z%w

77
=5050292

76
~x054356

78
1515292

74
4wby33w

73
owwiz2v8

72
x1€ly7x

Four-Word Lines

k4|
«4ub4u2vd

70
wvax277

[:¥:)
vli7217z

68
zuivx80

[ Line

3 2

67
9u209u8

66
928007z

68

124w3lz

64
8wl9274

63
7

62
-w246279

64
vz4Oylw

60
48482x2

59
3x3x375

50
-vw412v9

57
vwiy375

56
7800000

55
393v79w

54
x15w27u

53
375w39%w

52
-v83ull5

1B
23735z

50
v83w27x

49
v4353zv

0
-2222200

T
=-3233755

46
~-zz22200

45
3139274

44
~uy32359

143
«7434732

42
vy47393

4|
23135z

40
~uu2z75u

39
«2u2x315

38
~u82vavu

37
272779

36
~wh46279

38
~2628zly

54
-u426755

33
722w3le

32

k)]
X2wbwi

30
x9v77y8

29
-2023339

20
-u03v715

27
-2022z1ly

26
10129z

25
~9w292v9

4
lwlw2xz

3
227777

22
803w510

21

20
96186vw

9
622537z

1]
87

17
u42uiw

16
-941v159

“iyw709x

14
2613x20

13
614352

12
1

T
9213y7w

1]
-8wl033y

O]
- wOx358

[o]:]
9u2u2iw

[}
5w551x9

06 -
9526y40

- 108
{=8819355

04
-880v358

3 .
1000000

02
*840u358

[

30439v

00
2023z2

pasm——t.




‘6o Exponential
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6.1 Specifications

ENTRY:

EXIT:

ERRCR EXIT:

Loc, 72 for logjgx (word position to be used in
"Perform Subroutine" Command, - 72)
Loc, 22 for logex (word position to be used in
"Perform Subroutine” Command, - 22)
Loc, 08 for logox (word position to be used in
"Perform Subroutine™ Command, - 08)

Transfer to L, 00,01, A return command can then
be inserted either in loc. 89 or 79 of this sube
routine, (See coding sheets).

There is no error exit in the subroutine itself,

ERROR INDICATION: If n> 1038, the multiplication subroutine will

DATA INPUT:
DATA OUTPUT:

RANGE OF ARGUMENT: =-20-32 x 1038 (approximately)

EXECUTION TIMEs
ACCURACY ¢

- SHORT LINE
LOCATIONS USED:

LOCATIONS NOT
USED IN LONG
LINE:

CHECK SUM:

REMARKS &

APPENDIX II
VERSION:

set up the error indication.
21,00,01 (™A™ Register)

21,00,01 ("™A" Register)

If x -1 532, the output is made O,
If x 10", error exit.

Approximately 25 drum cycles,

Correct to at least 11 significant figures,
Line 20, words 0, 1, 2, 3

Line 21, words 0, 1

Line 22, word 1
Line 23, word 3

oL, 26, 28, 39, L6, 51, 56, 65, T1, 96, uO~u7.

1000604 (Appendix I)
1001504 (Appendix II)

Since locations uO-u7 are not used, this subroutine
imposes no restriction on the use of the index
registers, and it may be loaded by typing i CN u0
instead of 4 CH 00,

(1) Change source or destination 19 to 05 in the
following commands: 02, 03, 08, 09, 14, 22, 29,
hO, h7; 53, '62, 6)4, 73’ '”-l, 76, Bh’ 85’ 90,) 930
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(2) Change characteristic 6 to 5 in commands 59 and 67.
6.2 Method
Where &% or 2% is required, the argument x is first multiplied by
logjge or by logjg2. The problem then becomes, in all cases, one
of evaluating a power of 10.

The argument is reduced to a fixed point number u, and 10" is
ovaluated by the following polynomials

108 = (Co » Clu * 02u2 * . cloulO)Z
which is valid for O u< 1.

Since x = ue2P, (p integral) we have 10X = (10u)2P,

Hence, for values of x outside of the basic range, 10" is squared
p times,

If x is negative, the reciprocai is calculated,

The following constants are \wedt

Decima] Sexadecimal (Scaled 2.‘* )
Co 1.0000 0000 00000 1000000 0000000
€, 1.1512 9254  6L923 «126vrlv 760l 30
Cp 6627 3726  h2l12 Ougug26 77830x8
Cy, 2543 3L8L L6386 0L11wl6 3y368Lw
C, .0732 0353 62839 ~012vx77 149420z
cs 0168 5525 60848 00l 50u0 Bviww2?
06 0032 3572 29645 : 000xLOy . x89z738
Cy ,0005 2924 84557 00922% ul9yOwu
Cg  +0000 7978 . 19707 ~000053u 90y8z17
Cg  +0000 O7h6  7h589 000007x 90zvwTx
Gjp <0000 0202 15778 ~0000021  x538983

(With acknow1od§mant to Mr. E.T. Fedrighi, Dept. 470, Bendix
Radio Division, ‘ '



Page 32 of 101

603 INTERC(M 1000 (D, P.) EXPONENTIAL SUBROUTINE

Multiply x by 1°810°

FLOV CHART

10x
(72)

ultip]y x by logjg?

(:aag_;PL——o

x)O J x<07?

!

Stere switeh command S

x> 32

Store Sw. Cmd Sz,

Vi P< 0—

ns, =1 Exit

<321 )______9“'32 [Afe. = 0
<z
Exit

g-C Exponent (p)< 07 /\

Y

: é x ) 0)

Exit

Store p Convert x to fxd. pt.
' AVA
é Set Pp"- 0.
Evaluate Polynomial
onvert (A) to floati
point
J>‘l7
\CO
(pm0z ) 1
R L
Square (K) Sw. Cmd. Sy or S;—D AR
v
Sq < S2
p=l—{p NoCo from AR :
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Los Angoles 45, Califarnia
o ' Page L of 3
G-15D | Propared by = Alfred J, da Costa, Date:30 Mar, 59.
PROGRAM PROBLEM : Intercom 1000 (D,P,) Exponential Subroutine, Line 19.
L[ e TN c]s o] | NOTES |
Entry for 2¥
08 ] 43214744-19025
2 927v57z l log) 02
.33 ,9u209u8 |
Entry for e*
22 (4444714119425
YA | «26x3572 ( logyp® ‘
.45 ..xys\lxﬁu ( ‘
47 § {50{620419{20 !
, +50 =, z222200 ;
(N ' -
62 } (6746840419423 Return command —a 23.03
168 | {80}8044420431 To floeting point multiplication
67 b {92{92{6{20{31 (Ret. Commend) N.C. 19.72 (resd at T = u7) ;
Entry for 10%
72 B {73}74}0421427 x4 021
76 b |76}89]4|19]21 (x=0) 1—>4A
.76 0000081 | 1
7 .8000000 {
Lso b jo1rloilol20}31 Exit
075 h76‘80n0l21i28 (x 4 0)
.80 |. 18sl.8slol22]31 X< 07
O |55 [ pesprnopisiaz (x >0) Storesdtch command §; (= Exit Compand)
FORM v
8CD .




-

FORM
8CD
108-17.0

o

"G . | Page 3 of 0L
Los Angelos 48, Callfornis .
: Page 2ot 2

G-15D Prepared by Alfred J, da Costa, Date: 20 Mar, 39/
| PROGRAM PROBLEM | _Intercom 1000 (D.Ps) Exponential Subroutine. Line 19,

LU [eTuTw]e[sJopr NOTES
B6 .p8.Do.p.p8.pL (x <0)

90 92494319 J28

92 .0000086

94 196 498 J0.130.J29

98 40240202231 Characteristic < 6 ¢

02 ¢4 dJo42640419421 (26 0—»A (x > 32)

04 .0000001

26 ¢ {29489 {02921

89 { Jo1Jo1]oJ2031 Exit

03 & Josltiofr9]22 (< 6) Btore Svitch and By = (19.09)

11 | {12{14{o0{30{28
b | j15{16{3{19429

15 .000007¢

16 } |20}20{0}22431 pe (RR) € 0%
£20 p 23}40)0428420 (= 0) Btere p—a 20.03 (N.0. ko)

21 P |24}27}4}21125 (<00) y .

27 | |ve}3sjolae|ar ) Convert to fixed-point fraction

35 | |36|3s}s}2s}21 y

.38 | }39L4040}29}20 Bet p= O

4o | |eol6slal1r9}2s C10 ~—>=1ID

o4 1. bede7LoL19] 2 Coefficient seleation comnand —m AR ,
| LOOPLT1 Loopp T

.87 | ‘.sq.‘n.a.'zx.w X —tn MQ
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Les Angelas 45, Callifornls
' Page 3_ of 3e
6-15D Propared by Alfred J. da Costa. D".:m_ég.
PROGRAM PROBLEM : Intefcom 1000 (D,P.) Exponential Subroutine, Line 19,
L [P [LTNfe|s o NOTES

84 l u.56 457 44 .{19.]26 Cy —— PN (executed from AR)

57 4v4 469 J0 J24 31

69 J70J73 Js J26 J25

713 | (8148331929

a1 ,0600000

83 487870429 {31 Overflow % (Exit from loop 1§ set)

Exit from loop 1

88 {90]93{4{25{24

93 {958197{3{19{28
[;s .0000084

197 9840540427431 Normalize

05 06}410}1{26]28
L0 1217}8{2621

17 20423027421 :

voarax ¢/ IL

123 | [26}29}e}21}2s
L29 134,41}0419} 20| -2222200 = (19.34) 20,02
41 43 52} 0} 20} 27 pyo?
.52 s }53}7040,22}28 (= 0) Bwitch command By or 8y —»AR

.70 L726.72L0L 31331 N.C. from AR (Either exit or 09 below)
.53 159680 19} 23] (¥ 0) Ret, command = 23.03

;68 : .8 .sg .4.2d.31 To floating point multiply

.34' | -.:zzzzod
59 .7q.7q.6.2o.3ﬁ (Ret’ command) N. C. 10.58 (reéd at T« u7)
.58 [s L59.63.3,20.2 .p—a iR . |
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Brolfer
,..,,,q Los Angelos 45, Callfornie
| Page 4 o1 5

~ G-15D Propared byplered 1 da Costa, Date:30 Mar, 59,
PROGRAM PROBLEM : Intercom 1000 (Double Precision) Exponential Subroutinginge 19,
[t P [L¥] N [c]s o] | NOTES
le3 J02 466 40 {26 .01 -p + 1—+AR (complémented)
66 J68./99 J1./28.28 Recomplement
P09 | Jusfeafees oo p= AR —» 20,u3

(End of Yoop II)

] Final Commrds for x {0 X
09 § Jr6J78Jat9.fa1 (Bwitch Bp) 1—% A
18 | Jr9ls2do 19 f2a Exit command — 23.03 ( To obtain
82 484 484 44 .20 431 To floating point division ( reciprocal
19 ¢4 Jajafojaofsr| | (Exté command) (resd at 7= u7) )
_
"\_/

FORM
860 |
106-11.0
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SSTSo] Los Angeles 45, Califernia

Page 37 of 101

Prepared by

Alfred J, da Costa.

PROGRAM PROBLEM :Intercom 1000 (Double Precision) Exponential Subroutingjpe 19,

Page 5_ ot I
Date: 30 Mar. 59.

L D jer| NOTES
Polynomial Constants.

.00 » 0000000
j.o0l +1000000
.06 +16u0430
.07 ~.126vvlv
12 «77830x8
.13 0u9u926
.18 +3y3684w
.19 +0411wl6
24 «149420z
+25 =.012vx77
30 «Bvhw2]
31 +00450u0
.36 .x892738
Y .000x40y
42 «ul9yOwu
W43 »00022uz
A48 .09y82z17
49 -,.000053u
-1 +90zvwiz
o35 »000007x
.60 .x538§83
+61

-.0000021




MEMORY ALLOCATION CHART Page 38 of 101

Exponential Subrouti pate 3/14/59.

Intercom 1000 (Double Precision) Page 1 of 1
Problem {

Prepared by Alfred J. da Costa. Cheok Sum +1000604 Line 19,
u? U6 us (TL)
1000604 |-7v896y4 | 5933019 |
vl u2 vl uo
99 98 S7 96
y717v94 2022xz | 6205372
95 94 93 92
' 84 | y0623xx | xz6ly7w 86
9 50 ) 80 _
5x5x3zz | xwSyy7w | 10129z Pxu5x338 |
87 86 03 84
~5u5v2v8 | x85uv95 | x90v276 |383927u
83 82 81 80
57573vz  |-545429z 600000 | 55552x2
79 1] 7
1515292 5052277 8000000 81
75 74 73 72
4x502vw  [~ww59275 | x153y7x | 4ubulvy
71 10 69 1]
Four-Word Lines 484832z $46849359 1505029z
: 67 66 (4] 64
Line 3 2 -5wiwu9sz | w4637%w x45727w
i,/ 63 62 6l 60
24235z | w344277 21 | x538983
59 58 87 5€
«4ybyu9z | 3w3zy9w | 724531z 3
L 04 53 62
Ix | 90zvw?z | vwd4277 | 36462xw
L1} 50 49 40
- ~2222200 P 53u 9y8z17
46 40 44
v23y274 bxy5vx8u | 26x357z
a3 ~ 142 i} 40
22uz | ul9yOwu |uv3429v $+vws0279
39 38 a7 36
28283v4 x40y | x892738
38 34 33 32
2626735 zzzzz00 |9u209u8 |9z27v57z
3t 30 29 208
450u0 | 8vaww2? | u229274
27 26 28 24
742335z | 9x593v5 b 12vx77 | 1494202
23 22 21 20 )
-1lulx2v9 Puw2z279 +981lv2v9 | 9728394
119 i8 17 16 :
4llwlé | 3y3684w |9417375 |14l42x2
{i8 14 E) 12
; ' 7z | 1010y7x u9u926 |77830x8 -
N 1] [+] (1]] 108
‘ x0y3xw p8wll715 pwwhy2?5 +u022279
S————— (Y 06 08 " 04
p126vvly | 76u0430 | 70u79 1
B 0% 02 or 00 ‘
- n 890v276 | 841u275 | 1000000 '
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7. Sine, Cosine Subroutines

7.1 Specifications

ENTRY ¢ : Loc. 39 for sine, degrees.
Loc. 23 for cosine, degrees.
Loc 42, for sine, radians.
Loc. 26, for cosine, radians,.

EXIT: (Loc. 93) to 00,01.
(Loc. 61) to OL.63 (Normalize) (See coding sheets)

ERROR EXIT: None

DATA INPUT: Angle (8) in degrees or radians in 21.00,01
DATA OUTPUT: Sine © or cosine 0 in 21,00,01

EXECUTION TIME: Approximately 18 drum cycles.

ACCURACY Error < 10~12

SHORT LINE

LOCATIONS USED: Line 20, words 00, 01, 02
Line 21, words 00, 01, 02, 3
Line 22, word 00.

LOCATIONS NOT
USED IN LONG
LINE: u0=u7 inclusive.

CHECK SUM: 1001605 (Appendix I)
: 1000505 (Appendix II)

REMARKS ¢ Since these new versions do not use locaticns
uO-u7, they may be entered into memory by typing
5 CH uO instead of 5 CH 00, and any index register
may be used without restriction.

APPENDIX II ‘
VERSION¢ (1) Change source destination "19% to ™O5" in the
' commands: 13, 16, 20, 22, 23, 25, 26, L3, 49, 52,

59, 65) 66, 7h3 830

(2) Change characteristic "6" to "S" in command 7.
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7.2 Method

The argument, A, given in degrees or radians, is first transformed
to measursment in units of circles with a floating point division
by either 360° or 27rradians, respectively. The result is then
shifted to a fixed point fraction, eliminating integral numbers of
circles which do not affect the sine or cosine function. If the
fraction of a circle is negative, it is complemented, If cos &k is
desired, 1/4 (eircle) is added, ignoring overflow, Let the result
be called A',

An argument, u, is determined such that the desired function (sine
or cosine) of A equals sin u, where u is expressed as a positive
or negative fraction of a quadrant., The most significant bit in A!
represents the sign of u. It is brought into the sign position by
end carry when |A*] 1is added to itself. The next most significant
bit is then carried into the sign position by a second doubling of
absolute value, If this result is #0, then sin u = 0; if the
result is -0, then sin u = ¢1, (Note that a correct sine or cosine
is obtained when the original argument, A, was exactly on the
boundary between any two quadrants.)

The overflow indicator is turned off,
If the last addition does not yield #0, the sign formed by end
carry determines whether or not to complement the remaining

bits (now shifted two places left from their original position
in 'K) to form |u.|

1/2 sin u is approximated by a 15th order polynomial of the form
2) i_—l

u Cy (~u "y where

i=1
2Cy = 1.57079 63267 94l
26p = +6L596 LOITL 985
2Cy = 07969 26262 378
26, ~ o00L68 17541 330
2Cg = ,00016 OLL11 7LB
2Cq = 400000 35988 183
2Cq = ,00000 00568 887
2Cg = ,00000 00006 ULS56

In evaluating the polynomial, time is saved by performing two
double precision multiplications in a loop of three drum cycles,
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7.3 INTERCOM 1000 (D, P.) SINE, COSINE SUBROUTINE

FLOW CHART
(39) Sine (De (23) Cosine (Deg)  (L2) Sine (Rad) (26) Cosine (Ra
(13) v (L) ¥
D 360 —{>1ID 2m—{>ID F}-——-——————-
(S6=T1X7_
A+ (DDA
(03=21X7
Unfloat A Argument now fraction of a
circle, fixed point,
(38-66)
A+ (22,000—p 1D
(70) W
Exit Comm ——{>23.02}
(15-82)%7
Sign —{>21,02
(B9-98)7 |
u—{>MQ 1/2 £(K) = u % Cy (*nz)i.l
1=1
(2) v
Overflow off
(0L,08)%7
Sign —{IP
o ()
u—{>21,00,01
(7h=91) v
+1—Dx LN ue—1{>21,02,03
% Tesy (12-55) V
Exit~{>00.01 k}—d 0 —D & 1/2 £ (&) —{>MQ
(59) W
129+27°C= S AR
{xit———-—b‘ 0k .63
v
‘Normalize
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ﬁﬁ(:; o } ge U2 o
“q Los Angoles 45, Calltornis 1 S
1 Page ot I
G-15D Propared by 5o Ho Lewis, Date: 17 Mar. 59,
PROGRAM PROBLEM Intercom 1000 (D.P,) Sine-Cosine Subroutine, Ling 19.
I PN ]S [0 NOTES

39 4 Jh0.43.0.p9.p2 (Sine, degrees) Clear 22,00

23 J Jo0.463.0.019.22 (Cosine, degrees) 1/k—{>22,00

43 . 06605604-19025 360 ] (1901‘6)’37) .________Pm

42 4 JSohJ49.0.29.22 (34ine, radians) Clear 22,00

26 1 440449 .J0.[19.22 (Cosine, radians) 1/h —<{>22,00

(‘9 [ 050-56.4019c25 27r- - (19.50,51) —""’“"OID

56 158 1'6510008020 Extraetor -zzzzm L) (08.58)’”‘“ 020002

65 47149440419 {23 Return Cmd, = (19,71) —— {>23.03
94 .ui.u1.¢;21.31 Exit to floating-point division

[7r ¢ {21{236{2131] ! (Return Carmnand) N.Co 19.03 {from 23.,u?)
03 l J08{13/0]30{28 (30,00) — {> AR
13 414173419429 +0000080 = (19,1))—-——{> AR+
17 | {20{25{4{31425] | (31,00,01) —-- {>ID.

' 25 | {28}29{0 .19{26 Round-off = 2%49 = (19,23)____._{>pno
29 | {31]asfo22{31] | (ar)< 07 { Angle © <1/2 circle?}

44 E 46196{5{25{30 (> 0) {e,\,.m/zd} (ID) —D> PN+

188 | 1891904042928 Clear AR -

45 98/86}0/26431] | (< 0) {0< 3/2] Reduce to fixed-point fraction

190 | }92}96}6[25[30] | |ID| ——{>PN+

96| w}98}99}3}23}31] | Signif, digits = (PNJ02) PNy {(02,90) = m}

oo p loajsslalzel21] | (w0) {0<2} (M)—pA {n.c. 19,38}




s (" Page L2 of 101
ﬁﬁ(:; o } ge U2 o
“q Los Angoles 45, Calltornis 1 S
1 Page ot I
G-15D Propared by 5o Ho Lewis, Date: 17 Mar. 59,
PROGRAM PROBLEM Intercom 1000 (D.P,) Sine-Cosine Subroutine, Ling 19.
I PN ]S [0 NOTES

39 4 Jh0.43.0.p9.p2 (Sine, degrees) Clear 22,00

23 J Jo0.463.0.019.22 (Cosine, degrees) 1/k—{>22,00

43 . 06605604-19025 360 ] (1901‘6)’37) .________Pm

42 4 JSohJ49.0.29.22 (34ine, radians) Clear 22,00

26 1 440449 .J0.[19.22 (Cosine, radians) 1/h —<{>22,00

(‘9 [ 050-56.4019c25 27r- - (19.50,51) —""’“"OID

56 158 1'6510008020 Extraetor -zzzzm L) (08.58)’”‘“ 020002

65 47149440419 {23 Return Cmd, = (19,71) —— {>23.03
94 .ui.u1.¢;21.31 Exit to floating-point division

[7r ¢ {21{236{2131] ! (Return Carmnand) N.Co 19.03 {from 23.,u?)
03 l J08{13/0]30{28 (30,00) — {> AR
13 414173419429 +0000080 = (19,1))—-——{> AR+
17 | {20{25{4{31425] | (31,00,01) —-- {>ID.

' 25 | {28}29{0 .19{26 Round-off = 2%49 = (19,23)____._{>pno
29 | {31]asfo22{31] | (ar)< 07 { Angle © <1/2 circle?}

44 E 46196{5{25{30 (> 0) {e,\,.m/zd} (ID) —D> PN+

188 | 1891904042928 Clear AR -

45 98/86}0/26431] | (< 0) {0< 3/2] Reduce to fixed-point fraction

190 | }92}96}6[25[30] | |ID| ——{>PN+

96| w}98}99}3}23}31] | Signif, digits = (PNJ02) PNy {(02,90) = m}

oo p loajsslalzel21] | (w0) {0<2} (M)—pA {n.c. 19,38}
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Los Angoles 4, Calitornls

Psge _2 of S5
17n Mar. 59.

S~ g G-15D Propared by 8, H, Lewis, Date:
| PROGRAM PROBLEM i _ Intercom 1000 (D.P,) SINE-COSINE Subreutine, Line _19,
L e[ eTnc]s ope] NOTES
Los 07}09}3}28{28] | . (AR)—— AR

t09 . 196}2710}26431 Shift out whole circles
21 | j28}38iaj24i21 Fractional part of 0 — DA

38 | J4oj63j6]22}26| | (22.00) Voo pNy {0 if ain, 1/4 Af cosine}
63 | |64166)3121430) | o = (k)—* > PNe {0 in circles)

66 L 1681701426425 | o & (pN)—ID. {clears PN}

p70 b |71}75}0408423 Command (08,71) ——-{>23,03

175 | 0{808216125{30] | 28 (mod, 1) » 2(ID)—DIHe {0 in halfecircles)

82 | |86}89f1{26{21| | gym 01,00 )

89 | 190}93}4)26)25| | 20 (mods 1) = (PN)——{>ID {PN cleared]

~ 93 | uf98[9s}6{25]0 46 (mod, 1) = 2(1D) —{ PNe {e scaled to quartor-circloa}
98 | Ju0}0215426424| | 4 (w9 4n quarter-circles) = (PN)}—%{5MQ

02 ) {04}04{0429{31 Rogel. nverflow,

D4 8| o96407.0.20.25 | | (g41) (21,02) —>ID  (S4gn)

,05 B |06107}0{21{25 (Not Set)

10 12}7341}24427 (=+0) ugo ‘ﬂ X
- 24

P
73 } 8095141074211 | (w0} 0 ® (07.80,81) ——p A ——M
74 86391)4{19:24 (f0) 1 = (19.86,81)—7——‘930‘
91 | 192)9514124121) | 41 = (MQ)—>K S
95 1 {01}01}0421131] | Exit to 00,01 <

11 b j12)15]4f24{21 (Fe0)uw (MQ) DA g

S

fis | Defajalntes) | L e om

w1 -
e fa 92{08}0j24]31] | muitiply '

\ 4



FORM
8CO
108-11.0

| PROGRAM PROBLEM :

Intercom 1000 (D,P.)

Page Ll of 101; /

Propared by

S. H., Lewis.

SINE-COSINE Subreutine,

Page 3 o1 3
Date: 17 Mar, 59.

Line __19.

G SRSy

[ CTPTTNc]s Jofee] NOTES

be | oot | | w2 = (pr)——521.02,03 B

12 Qe 16 1S | | w2 = (21,02,03) ——>ID

16 | Jisf2os1opsl | ca = (19,18,19) — Mg

20 J22.024 J0.]19.]28 Coefficient Selection Cmd, = (19422) -— —{>AR

{Pcmynomial Evaluation Loop]

26 426426 J0.1.31| | ovey AR o e

22 J36.J6145019426 | | Coy —2— PN

41 6 luslo2a 311 | Multiply

48 450525426 J26 (PN)—* - 4> PN

52 {53{5440419429| | ,602u000 = (19,53)—— {>AR4

54 {56 {57{0{22{31 (AR)< 02 >

87 o .98.44.4.26.44 | | (20) PN —>MQ | y. ¥
64 16668442125 W — 1D

68 69{72{3{19{29 43400000 —=——> AR

72 74}74}0{31{31 Obey AR

(ar)| 180183]5(19]26] | Coyey —*—D M Y

183 841851419429/ «2y2u000 —*—— AR+

85 va}92{0}24{31] | multiply

92 941975} 26|24 4 5MQ

Ls 98l 24}4}21]25| | w?—— > —Y X
158 60l 62,4} 26} 25 (<0) eI D v

.62 .6&.67.4.21.2A u = (21,00,01) —OMQ

67 .92.55?0.24.31' Multiply

1/2 £ (k) = (PN)——DMQ
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Los Angolos 45, Calltornie 4 5
Page ___ of __ |
v 8-15D Propared by 5. H. Lewis, Date: 17 Mar.59.
PROGRAM PROBLEM: Intercom 1000 (D,P,) SINE-COSINE Subroutine, Line 19
CCTPToTN]c]s ok | NOTES
59 JooJo1.3.J19.28 | | 40000081 —=--{> AR
61 463063 Ja .21 .B1 Exit to 0ue63 {70 Formalise]
CONSTANTS,
R ,0000080
{18 .2w5x83z} Ca - ,00000 00003 226
19 ,0000000)
28 .0000100
o | | -.461zlbu) g = 78539 B1633 9705
31 « - .w90zxuu)
- |2 -.76w175 } ¢, = ,0398l 63131 189
33 ‘.0u335y3) - _ '
3% | -.19944431 Og = 400008 02205 874
35 | | 000541y
% | -.455w982 | G, = ,00000 0028l LLi3S
137 -.0000007
lso | . 4000000 w3,
46 .00000892 360
47 . v400000/
50 .442x183 ) 9 7
51 _ , | .w90zxou
53 . 602000
[, Teo ‘ H |  .o000081
~ oo B L, 3400000
FORM . ,
ll:-cl?l___a_i—_——h-u———————————-——-—-———-———-i
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Les Angeles 45, Califernia g d
O Page _—_ of ___
/ G-15D Propared by _ 5. 1. tewrs. Date:’
PROGRAM PROBLEM : T1nicrcom 1000 (D, P,)  SIMNE-COSINE Snln‘mtlfnt'. Line 1.
L e [R¥n]c|s ol NOTES
o -1256y36 | g, = 37298 20487 L925
L, 77 «,52uyz39 ]
78 | | | --wy39231 ] €, = 40023h 08770 665
.19 ' ,0099696 ]
.80 | -Owy912y | ¢, = ,00000 1799} 0915
.81 : .00001y3 )
.84 -, 2y2u000
86 . N ,0000081 ) 1
| .87 | .s000000/
"~ )
.l +9vv995y Sum balance: ‘
lwr | .1001605 Check sum t
|
F
N
¢
"}
¢
‘vv/
FORM
. .
“.""'W ——




9. “. Leuiso

MEMORY ALLOCATION CHART

Intercom 1000 (D.P.)

Page

Problen {
—tdne =

= U0sine Subroutine . Date

Cheok Sunm

.1001605

Line

Page L7 of iOl
o

Sap——

oif_

19,

S

u?
1001605

U6

s

'L}

Ul
9vv995y

TH

ul

Vo

99
650039v

98
~y402758

97
-64182v9

$6
y263yzz

99
1012vz

94
~65652v2

83
~6262v3y

92
~-xy61758

(1]
=5y52315

30
=-xwb60v3y

89
=5w5%x359

a8
SuSudvw

87
8000000

8¢
81

86 .
125wslz

84
-2y2u000

63
355567x

82
x659755

8l
ly3

80
- wy912y

L4 ]
99696

78
~wy39z31

77
=52uyz39

78
-1256y36

75
- =5052v3y

74
~x65v278

73
=x05202z5

72
4ubuilzz

T
=1517uvz

70
484v117

(]
3400000

3
4648y7x

Line

Four-Word Lines

3

67
5w3731z

66
~whb6359

68
wi5y277

€4
-w2442v9

63
=42426vy

62
=w0432v8

6!
«323z2vz

€0
8l

59
Ix3xyTw

56
~vw3y359

57
«3wi0358

56
vuslllsg

85
«3ulv358

64
38392xz

53
602u900

52
363627x

51
w90zxuu

50
442x183

49
-3438279

48
-v23475u

7
v400000

46
89

a5
625835z

44
-uy6073y

33
~uy38279

7
ww313v6

4]
723031z

40
4000000

39292v3v6

)
=u83zuxu

37
- 7

36
«455w982

35
S4ly

34
=1994443

33
u3dld5y3

32
«76w77w5

3l
w90zxuu

30
4412140

28
122w2xz

26
100

27
-1y26315

26
uf31276

28
Swlx27u

24
{ lululgz

3
: uB2v276

2 42967

el 08312

20
961827w

i
2w5x832

"7
=9419329

16 '
-9214278 .

4

11"212152v9

14 .
80

13
zlly7x

12
«8yl02v9

"2 yoz31s

10
8w4971v

(o]:]
601v35z

08
«8u0w755

(1}
» ulullv

06
80929

00 '
7072v9

54
86072v9

1“ss0x3xw

[o2 4043vs

——
| ~8406358

00
=B842635"%

AR
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8. Arc Tangents

8.1 Specifications

ENTRY: Loc, 2l

EXITe: Transfer to L, 00,01, A return command can then
be inserted in loc. 26 of this subroutine, (See

coding sheets)
ERROR EXIT: None
DATA INPUT:  Argument in "A® Regsiter (21,00,01)
DATA OUTPUT: Arc tangent x in radians in "A® Register (21,00,01)

RANGE OF ARGUMENT: Any number that can be expressed 1n Intercon
1000 notation.

RANGE OF OUTPUT: -1/27r< arctan x < 1/277
EXECUTION TIME: Approximately 30 drum cycles

SHORT LINE

LOCATIONS USED: Line 20; wards 0, 1, 2, 3
Line 21, words 0, 1
Line 22, word 1
Line 23, word 3

LOCATIONS NOT
USED IN LONG
LINE: 130

CHECK SUM: 1000606 (Appendix I)
1000506 (Appendix II)

APPENDIX II

VERSION: (1) Change source or destination ®19% to ™05"
in the commandss 02, 0o, 19, 20, 28, 31, 3k, kL2,
i3, LS, 50, 51, 70, 7k, 80, 81, 82,86, 87, 89.

(2) Change characteristic 06% to "0S* in the
commahds: 03, L7, 90, u3,

(3) Do not change the constants in locations 57,
65 (Restore them if the ®repcsitioner™ is used.

842 Method _
Thi approxinating polynomisl used iaa
Arctan x = Cox + Cyx3 ¢ Coxb 4 c3x7 + CxP & Coxlli ¢
5
06x13 * O.rxl

For 0<x<1/2,



Where:

Co= 9999
Cy = =.3333
Cp = 1999
03 = «,1428
G, = 1108
Cg = =.088k
Cg = 4063
Cq = =.0296

9999

333
9949
LoL7
3986
6897
1533
6739

9988
7339
1589
0763
7038
3459
6790
0396

54
69
81
90
h
21
0l
20

Page 49 of 101

The absolute value of the argument is used for the evaluation
of the polynomial, the sign being appended later, since x and
arctan x have the same sign in the range considered,

ir Ix I)l, use is made of the identitys

Arctan !xl = 1/2 «arctan (1/ lxl )1 '
P

" For values of x between 1/2 and 1, x*1 is substituted for x in
the polynomial and 7y’added to the result.

(Acknowledgment is made to Mr, E.T, Federighi, Dept. 470,

Bendix Radio Division, for the constants used)
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8.3 INTERCOM 1000 (D, P.) ARG TANGENT X

FLOW CHART
Gc = 0? ) : {>|Arctan x = 0
Store sign of x.
2
||x]|—px
V4
x l < 12 }» 1 :L
1/x—D>x
|
Gx'-l’l } =1 S ]arctan xl =17/k
7 N\ > 12
GEI J;
< 1l/2 —
Store 7774
L ]
Evaluate Polyno~
| mial
Kdd7/u If x>
1/2
N x| >1
x| <12 ) &
<1 :
Subtract from 7r/2
‘Afﬁ.x sign of x
<

Exit /I
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Page 1ot S

Lot Angelos 45, Calitornie

U ? a-15D _ Propared by Alfred J, da Costa on_.:.]_-l’!_:i@_
Y PROGRAM PROBLEM @ Intercom 1000 (Double Precision) Arctangent Subrout.line 19, _
L[N e[s o b NOTES

} 2 ls JPS.R6LLRL.RT x = 07

| 26|s J1J01.0.P131 (=0) Exit (arctan x = 0)
278 .281'31.,!4..21..25 | (fo) x—pID

31)e .,2h.33.lo.25-'19 Store sign A

o331/, .,36.15.!14.21}2!4 To make sign positive (Reset IP)

15|, ts.wt..zsm |x |—pa
+39]s 4104540430428
| WUS |, ,161501}112,29
L .76 +0000081
; o850 s 42745210428419| | Store exponent =1
T Lsel. dsudrododzefn| | |x <21
| +70]8 {76{804u419421 {|x]> 1}
'76 00000810 1
271 .eoooooo)
.80, lu3l92i019123] | Return command = (19,u3) ——{>23.03
92, 4581240408420 ~2323200 = (08,58)———1{>20,02
| ,12], {6L:{8Lk4}21431 Exit to floating-point division
| oulls {91]9116421}31 Return command, (Executed at T = u7.)
{|x]<1}
S 4
__'_Z;Hs 12} 7hp0L 30128}
o7 o 17647943}19}29
79 . sols2}ol28l27 x [*= 17
o L.tde {abslulasleal | |x[-2) 7 ——Dk (N.C. p)
ronm o8l L ouliB7480 ___ 7r/k.
108-11.0 _ ] ovo0zxuu



G-15D
PROGRAM PROBLEM :

Inte

Page 52 of 1O}

Los Angolos 45, Calitornis

Prapared by Alfred J. da Costa,
rcom 1000 (D.P.) Arctangent Subreutina,

Pege 2_ ot 3

19,

Line 270

II. PlisiNc[s |opr| NOTES _

83 b {43{ul{0400429} | @§£" 1}_ 0000001 = (00,43) ——>ARS

jul | {u4i88{4421425 x = (A)——>i

ss | foo}osjojzefor| | 14 < aper b%

{12 12} P

194 p 9549740400400 7

97 | |o2{u0joi26{31] | 3 o

Lbu0 b jubjublsg25423 1/2 x —{>23402

bus | {oojozlai23i26| | 14 2 — PN

02 & 770410419} 30 1/2 = (19.77)__w__ac>pnlf

ot | josbrolaf2el2s 12 (1 4 x) —— DI

10 | frzjiaf 721} 30 | g ineract x4 (PH) = 12 (1em)

L14 |0 p16§ 2234126126

22 | p24L25L0420124) | 54t nepative sign in IP,

.25 |0 bvabsips5l253l | pioider (MQ) = o{1-x)/(24x)

51| pesloslaltolay | 23,00

08 | profrslelaales | (pap) Axel)——DD |

{d < 32} ‘ )

.95 |s }98.01.0}.26,.31 ‘R\;;uco to fixed point fraction

01 | L04,07.4{.29.23 0 ——>23,00,01 .

.07 | Lodaidal2szd | . — pug
b3 | fuelarjefaslasl | 2  23.02,03
L17 | |val2sjol24}31] | .2 ‘
128 | |30[2900}19}22] |' counter — 22,02 | |

I .IOyOOOOO. (© o = _m) | i
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Los Angolos 45, Calitornla 5

Page 3 —

o Q-15D Prepared by __ Alfred J, da Costa Date: 17 July 39
| PROGRAM PROBLEM : Intercom 1000 (D.P.) ARCTANGENT Subroutine, Line _19,
L [P N]c]s |0 NOTES
lzs { P2 s.kepr x2
fv | Jefssbfrops| | 6) ——DID
.36 o 204wBxw | c,
o3 .0798&83)
| )

38 440 42 45,21 J24 2 . DMQ

42 443444 40.{19 428 Coefficient sel emd = (29.43) AR
s | edislodoades| | counter—— AR

‘.6 * &814810131|31

43 4526945419426 (Selection CMd) ci -.LDPN

(N PY Jva {78J0d26 {31

78 | {80{89{5{26{25

89 | {96{9843{19{28

96 +0200000

98 | {u24u2{0{22429
Buz } {u3]us]0{28427] | counter = 02 (Exit when 0) |

pul 0243840428422) | Modified counter - - -{>22,02 i

(Exit from loop.)

-os > U 08 p09 ;o 29 26

09 lva,1640} 24131

116 e b18p20p4y26 ;2‘& ‘ ‘x) Qm
020 | p21p23]3p19}28|

K\-r" '
-t | ,0000080" ;
FORM o . ' ‘
] t23 o 98 ,.53t0 t27 b 31 Normalize : .

co
108-12.0
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Los Angeoles 45, Calllornls
' Page 4 o1 3

o 6-15D Propared by _Alfred J, da Costa, Date:l? July 39,
PROGRAM PROBLEM : Intercom 1000 (D,P,) Arctangent Subroutine Line _19.
L [P TeTN]c[s o NOTES

53 o454 68 J1 128 )28

68 07207504.2“.21 r (x)..__...._bk

|
75 d76¢87-0.27121

87 .107u91-0-19q23 Ret, Cmd.-—~{>23003

91 J58193|0.08q2° w2382200 = (08.58)...._.__020.02

99 479{7944 {21 431 To floating point addition

47 4 426426{6421431| | Rets Cmd, (Read at T = u7)

i% § frlulofisen| | Exponent ——— AR

11 4134184022431 {‘:)(1?} X
— {(H\) 1} WA
St -+

8 8| +48.4144431435 2 (x) = (K))—D D

81 | Jus{r2jaliofat] | appr——pa

48 . 4487481 ) 711/

49 ow90zZxUY )

72 ) §58{8640408420| | wp322200 ® (08458) —~————> 20,02
186 | 40333210419423] | Ret, Cmdy——> 23403

32} {77{7746421431] | 20 floating point subtraction {1/27 of (x)}

03 b {39}39}6{21431 Ret, Cmde .(Read at T ® u?)

o o Jduubsibdots | | gin—oan

¢35 |. ..37040.0022O311 Origj_ml x < 07

.40 su".oo.zq.o.oo.oc {x20 (Exit)

o
ns-n.o b3 I

7eh26l.1f28L20 | (AR)-2-DA  (Exlit)
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Los Angoeles 45, Calllornln
Page 3. ot S
\_ a-15D Propared by Alfred 3, da Costa, Date: 17 July 59,
| PROGRAM PROBLEM : _Intercem 1000 (D.P.) Arctangent Subreutine, Line 19,
L rifncsobr' NOTES |
Constants
.54 -zy?x980 | Cp
+55 111111
.56 | -4 79%2440 ] Cy .
57 v --.5.“:5"0.’:.'5.'#J
58 “,7302y20 ) Cq.
459 =,33332uu )
L60 - zb0w60 ) ¢,
- Lz | -480x1890 ] oy
~ J
4,63 : 1w60006 _
164 ' », 7629830 } Og
66 . «,849%'90 ] Cq
| J
4.67 «,1076284
.68 e uB4vIl5 ( c,
.69 | .726y31z"
W
FORM
8CD ' .
“"'?'.W




Prepared by

MEMORY ALLOCATION CHART

Intercom 1000 (D.P.)

Page 1

Page 56 of 101

of 1.

ARCTAN A,

Problem {:

Alfred J. da Costa.

Check Sum

.1000606

Line

Date 4/2159,

19,

u7

1000606

ué
-800222u

us
. 8226396

v4
~yu(522z8

u3
=5v5vuvz

v2
686839v

ui
~y8582v9

vo
-y86u33?

99
«b4z422vz

ET)
y6662xx

97
264352

96
200000

9%
6201352

53
6061000

93 »
-y063229

92
vuOwllé

9
vuSxlls

90
=3433u92

69
y062y7w

68 ~
5u5y39v

87

uzSv277

€6
8320277

85
w90zxuu

B84
4487480

83
uv6501x

82
-x413275

8!
-v048275

80
y75w277

7o

515239v

18
«x059759

Tr
8000000

76
81

L)
4x57375

74
wwhzy7x

73
wwlu795

72
vu56114.

Four-Word Lines

tdl

494u3xw

)
-ww50275

]
724y312

(1]
-w84v315

Line

3

2 1 0

67
-1076z84

66
-849%xy90

60
16u5y71

64
«7629830

63
1w60006

62
-~80x1590

6i
-2491316

60
~wz40w60

59
«33332uu

58
-730zy20

[} '
-5555553

56
-79%2440

55
2222222

54 '
-2zy7x980

63
374479w

62
36462xz

51
-x408277

50
9v34393

49
w90zxuu

48
4487481

7
«lulvuvz

48
303032z

40 X
ww32y7x

4%
uy2y2xx

43
«v44567u

42
w2w2lw

41

40
uw49yvw

1u000

39
292x3xw

36
-u82ubvs

37
798483

36
204wBxw

33
25282x2

34
-u426279

33
-u40z2v8

32
~4x4x2Vve

0
9821333

30
y00000

29
«-u022755

20
9y1x276

27
-lylz2vYy

26
1012v2

26
«7233732

4 .
lulubvv

23
6235372

22
9819298

24
80

20
1617y7w

1i9
(| 982327w

i8
-v0512v9

17
721w3lz

e
-9214358

L)
«1227335

14
=901635u

13
-1011317

12
«54542vz

!
x122x2z

10
-8wlyyvy

(+]:)
7210312

)] ]
-8u0x319

07
« 10x338

06
9vOv2iw

[+].} '
8093vu

04
~860u359

0%
-.722uvz

(1)
wx0427y

]
«84073v7

(o]4]
-3zw3163
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9¢ Flex Input
9.1 Spacifications
ENTRY ¢ Loc. 17
EXIT: To 00,01 (Command 19,0k)

ERROR EXIT: None

DATA INPUT: Commands or data in Intercom 1000 notation on

psper tape prepared on off-line flexowriter,

DATA OUTPUT: Convertsd commands or data in G-15D memory.

EXECUTION TIME: 15 to 20 seconds after read-in of photo-tape.

SHORT LINE
LOCATIONS USED: Line 20, words O, 1, 2, 3.

Line 21, words 0, 1, 3
Line 23, word 3

LOCATIONS NOT
USED IN LORG y
LINE: 14, uO-u7 inclusive.

CHECK SUM: 1000607

REMARKS ¢ There is no Appendix II Version.

The decimal to binary subroutine of Intercom 1000
itself is used for the conversion of numbers,

9.2 Method

1.

2,

3e

L.

Se

Two Intercom 1000 cormands are required for the execution of
this subroutine., The first is "0B1717," the second is either
"KSGADDR" or "kS7ADDR™ (See manual p. 20).

The first command causes the subroutine to be transferred from
line 17 to line 19, where it is entered at word 17.

Line O) is copied into line 17, line 19 (the subroutine) into
line O, Control is then transferred to line OL. Line 19 is

now free to receive data,

The address "ADDR™ is converted to binary and stored for future
use,

Depending upon whether commands or numbers are required, certain
commands will be readied for exscution as soon as input is read

in.
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"Page 58 of 101

Input tape is read in, Each item is converted to binary
notation and stored after being scrutinized for one of the
codes marking the last entry on the block of tape read in.

If the last word consists of w's, another block of tape is
read in as in step 6.

If the last word consists of z's, the subroutine is copied
from line O4 into line 19 and control is transferred to line
19, The original contents of line O4 are copied back into
line O4 from line 17, and the subroutine, which is now in
line 19, is copied into line 17, '
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9.3 INTERCOM 1000 (D, P.) FLEXOWRITER INPUT SUBROUTINE

FLOW CHART

(Ls O4)—PL, 07
Transfer control to L, O4

v

Convert "ADDR" to binary

{7<1‘

J7 Commands (C nds or data? ) Data

Store pick-up Cmd C. 47 Stors pick-up cmd. D,
‘Read Tape
Commands 947 Data
! (¢ ds or data? ) ]
k omman ) L
AV

Pick-up 8.p. input \«Er_'l]l

Pick-up de.pe input word]

v

A le_s
(D”s it consist of w's¥) (More tape to be read)

Ho N Yes
@oea it corsist of 2'82)  (End of input)
No
Commands - Date
\Cmanda or data? )
Subtract 1 from pick- Subt, 2 from pick-
Jﬁ—lﬁiﬁ'—xﬂ _np_aﬂdmal
Convert input, store Convert input, store
& Lv2
Add 1 to storage address <l] Add 2 to storage addressl

Modify channel, if necessary|

<
(Lo O4)——p L, 19

711:‘.—vr:§%:.-ou:'
| Ié:m t.b. 00,01 )




Page 60 of /101

Los Angeles 45, Californls
Page 1_ o1 3

— G6-150 Prepared by Alfred J, da Costa, Date:_ 29 Aug, 58
PROGRAM PROBLEM : Intercom 1000 (D,P,) Flexowriter Input Subroutine. Lins _19/04.
Ftp."fli'ncsnl NOTES

{ Command Line 19}
17 b ul18)29]0joal17 (Lo O4)—— Lo 17
129 | ul30}32{0}19}04 Subroutine = (L, 19)——{L. 04

L32 | J3slaslolro)es Return command = (19,34) ——{>AR
44 | 14646900528100 Return command = (AR) ———-{> 00,46
169 L 172099}4{21{04 (21,00,01)——---—{>19,72,73
72 L Temporary storage for
[71 J contents of "A® Register
99 L }01}401}0{21}31 Transfer control to line 00,
[ L34 B 491494121131 (Ret. Cmd) Transfer control to line Ol
w
{Comand line Ok ," ‘ .
L49 b |51}15200,30}28 h
L52 | b540L55L0]28}21
l.55 # , 58], 584,04, 23} 31
| =1 .60.61.0.'28.25 | Conversion
61 [ Liol7sl1l26el3y |. }‘ to
P25 | L76l.78L0L 25,21 | binary of
.78 |. Leo.s1l,0l30L28 ' ®ADDRM
.81 |, L82.84),0L06} 20 ;
.82 7500000 L
.84 |. 1.86.88.0.31,29 '
‘\/ 85 o 1.89,9(.0,28.2) Convérted “ADDR" ... -1 21,01
FORM
u:f“io.______,ﬁ___,“;_ o _ L |




l..n'lnulu 4, Calitornls
} Poge 201 2
N~ G-15D Propared by Alfred J, da Costa. Date:29 Aug,. 58,
PROGRAM PROBLEM : Intercem 1000 (b.P,) Flexowriter Input Subroutine [|pg 19{06.
L P TTn]c[s]ope NOTES
90 b 91§94{04{31§28
'#94 L {usluzlof3ifas
(AR) 04 N p | 001 0O (N = 56 or 57)
Command conversion (N = 56)
Lse, 6207004 l04k20] | Extractors-. - > 20,02,03
62 +2000000 (--1 20,02)
203 0220000 (- -{20.03)
.?70 b }76}87}0}04}21 Command © (0La76) - * 21,00 (See p. 3)
Data Conversion (N = 57)
57 b 60L 65L 0L 044, 21 Qomma:xd D (0Le60) - - 321,00 (See p, 3)
.65 | Lesl7sloLoslagl | s8sBooo--- AR |
+68 5858000
4 {o 186,670}, 2802 5858000 -/ . 02,86
Tape read-in and search for first word
87 1. J.8d.89.0.29.19 Clear L, 1y
89 1, 1.91.9%.G.15.31 Read tape [ S
291 | 9149110126131 Ready? (Loop begins)
92" | lo3losloloa}2s Cnd, OLo93 AR
L94 |, ju3lu3j0}31131 N.C. from AR
L93 B u.OO'.00.0,19.27 (From AR with N ; u3) (19,ul4=u?) = 0
W 00 k (02L03Lolou]st (=0) Type AR Precess 4 words
ronm 13 91bo1lolool~ ! Set Heady |
10238.0 -_——_-L_ (Keturn to 91) :

Page 61 of 101
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Los Angeloes 45, Caliternin

Page 3_ ot 2.
Prepared by Alfred J. da Costa. Date:29 Aug. 58.

~ 'aoef‘;“ spgo.u"; Intercom 1000 (D.P.) Flexowriter Input Subroutince ;.o 19 / 04,
[ L [P[eTncls o NOTES
/Exit from precessing loopi
Hm b Josjoslof21]28 Cmde C or D = (21,01) { AR
705 058{08{0423431 Clear
TOB 1041040431 {31 N.C._from AR (Command 76 or 60)

Y Command Conversion.

76 & Juzj13l0l19]2¢ . Cmd ¢’ First of next Sep. word = (19,u7) — {>AR
11 1441610428 {24 (AR) L Mo

Data Conversion

60 ubli1lia 1ol /Cmds D First or next d.p. word = (19,u6,u?)-—-{>MQ
11 L ji2lielafaales] | IMQ, AR
N | 'Check for "w" and "z" codes;
,16 1811913104§29 WWWHWWW , AR+
,18 ' WWWWWWH
19 L l20{22{0}26}27 Word read in = wwwwwww?
[22 L l2alsolol21]28 Yes, more tape to be read _ Omd, C or D —{>AR
50 56} 56 0.52.31 (AR) 02 Cmd C is pos,, D is negs:
T | To 56 if positive; to 57 if neg, (See p. 2)
£23 b 1241250304129 (No) 3333333 AR+
22k 03333333 .
st o $27L27L0L29} 31 Reset overflow
27 Js L29l3olol2sl 2y Word read in = zzza322?

'
25 s L29,20L0L28L27 o " " "

(Yes) To final commands (p. 5)

231 Ls L, 320, 33, 0l 21L 2 (no) Cmd C or D AR
oy T
108~-17.0 (AR) .0? Is (AR) = Cmd D?,
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- YL
Les Angoelos 45, Califernle
@ pge X0 2

L/ G-15D Propared by Alfred J, da Costa, Date: 29 Aug. 58,
PROGRAM PROBLEM : Intercom 1000 (D.P.) Flexowriter Input Subroutine. Lime 19/04,
™ , f . _
L P n]c|s|ppe NOTVES

H I I I
{ H H i

{C'oxmand Conversion {

v

$5 o 374;39;3;04,529 (>0) Subtract 0100000 from Cmd, C.

S 1 1] 1] o000
1.9 5.4&.4i.6.2a.21: | tew ond & —(>22,00

61 | lazfasfofoals| 1 wq, AR B

43§ dsalralilesdan| | snire 16 biis ert /

77_} u, 8048342424421 (Maa) - " - [>21,03 ( Command
83 J10§9541{26}31 Shift S bits left ‘/\ Conversion

95 | {97}09)2{24428] § |mMQy |- — 1> AR

09 L u{l2}15{0427}28 27.,02,03 -—{> AR
(\'/‘ 15 4 ull8}2040}28125 Converted Cmd, ......C,m‘

20 [ l21126]0}04}28 Dummy store cmd = (0l,21) -— {>AR

26 o |29 .94 |0 p21|29 "ADDR“' - (81.01) —..._.....A_..(/\AR’
94 Il opu3fulj0{31531 N.C., from AR
- Executed from AR alteraddition of
ot b Lool12L0}250000 | (Dummy store cmd) "ADDR® {(ID)—-—-{> "ADIR"}
2 | L3zhazlojosl28 Address increments -~ {>AR {N.C. on p, 5/

—

Data Conversion

36 is 38¢40.3.04.29 . Subtract ,0200000 from cmd D
38 0200000

/
0 o bt 0le 28l 21 New cmd D --— {>21,00

45 . 1,034,511, 26,31 Shift input dats 1)pit left23,03

v .
51 fo ]659464.4.04,23 Return”amnd =, (04s59P-CeR3,03r -1 Noiv ouion Routirn)

.67 l. 1.74.74.4.2Y.3% §.0..02,70 [(To.Ifitepom Number Conversion Routins)

Fsg 8 .97.97 0402]]03] ‘RGE.CMI cho oh097
Converted mmber - - {>ID
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Las Angolos 45,Calltornis
' ' Poge 5_ ot 5

Propsred by Alfred J. da Costa,

— | a-150
| PROGRAM PROBLEM @ Intercom 1000 (D.P,) Flexowriter Input Subroutine, Line _19/84,
T o [ - -
Lip[*n]c{s |olke NOTES
5 - RS ey

I.oz . 104lo6l0l04]28 Dummy store cmde ® (OleOl)—— {>IR
106 jo i09p10|0 21 .29 "'AUDR"' it (21001)"‘"""" (’\AR’

.10 b 12b12b0 31i31 N.C. from AR

Executed from AR afger
04 004074425400 (Dummy Store Cmd) additions of address,
07 1} {3844240l04]28 Addreas increments (0200000) ——{>AR

[Modification of “ADDR"]

42 | {45]47{0{21429 WADDR" @ (21,01) ---—{>ARe
47 4 {4905340428{21| )| New "ADDR" @ (AR) -----{>21,01
B33 45447143404 429 63z2z22 -7 {>AR¢
Reduces T to U0 and D by 1}
o5k v 06322222 {when T has reached 100
- N 479479402231 T = 1007 |
79 § 814014042821 | | {1 w100} (AR) ---- {>21,01

80 481401 40,28 28 {r 100} Retain (21.01) Return to 01, p. 3

' (F:Lnal Gommands}

30 4 1644840.04,00 Restore originsl contents of 00.L46

Lo | 3030vzu
$o  { upoesoosno Subroutine program = (L, 04) —{>L, 19
04 4 p6.6.6.21,B1 N.C. from L, 19

1"'Command Line 19}

66 72p8544519)21 Restore contents of 21,00,0L

L85 | 8649640119402 Restore (02.86) ,

Les_ | 585833 '
~ |os | ujortoslol17}04l | ordpinal L, o = (L, 27) ——-{L, O
~ Los | ufooloolol1ob17] |  subroutine = (Ly 19) —4>L. 17
(1) .99 Il '  N.C. 00,01 (Exit)

lﬂ'".'



MEMORY ALLOCATION CHART

Problem

Alfred J, da Costa,

Page 65 of 101

Intercom 1000 (D.P.) Ap-endix I Page 1 of]

—Elex lnput,

Date 4f2£59. |

Cheok Sum

.1000607

Line 19/17/04.

ut
1000607

vé
-420x047

us

u4

ul

Jy2

]

uo

99

1012vz
9

yl09vlw

97

98

98
51@;53271

6767322

-v4022x9
93

27y

6162224
92

SySyQ9y

94
5v5v39z

90
S5wSy3zw

89
Svivl
85

886
Su5ul95
84

87
58593v3

68
585833v

83
u5z752

62
7200000

81
5354094

5760262 |

x6581z%

80
520139 .
76

75
x101395

78
x051 3xw

17

75
4x4y335

74

x657382
170

5053v15 |
7

| YvOx27w

153

Line

Four-Word Lines
3 | 2

1

Tl
hzhz2x2z

ww570935

69
-w8632ub

68
5858000

67
4646uvz

66
-wB855275

65
wibu09w

64
«4242uvz

63
220000

62
z000000

6l
ubv752z

60
-yuOv278

59
~61612vz

58
vw3x399

57
vw41095

58
-vy46094

55
3uldu2zz

54
63z2zzzz

53
3747w9x

52
v637395

[]]
vv43097

50
38382xz2

49 N
v3343xw

40
3140093

47
v135395

36
3030vzw

45
233752

134

uy45380

33
204x75z

42
ux2z2vx

4]
2v2v3iiw

30
uw2x395

39
2929395

a8
200000

37
100000

36
ub28wIx

33
ub27w9x

34
-31312vz

33
23232xz

32
u22w2iw

3
21212vw

30
uy30080

29
ly20264

28
lyly39v

27
9xly39v

26
9x5y2vx

25
ivlv3vz

24
3333333

23
1919w9x

22
98322vw

21
800w320

20
161u0%w

119

l151639v

18
WWWWWWW

17
121x091

16
9213w9x

]
1214399

t4

13
z10398

12
u52u09w

Hi
x10viw

10
wOw3zz

09
wlz37w

(0]
uQulzz

o7
u62u09w

06
890u2vx

. jos

‘8082zz

0%
-8007320

03
5v5v0lz

02

B40609w

6]
84052vw

00
20311z_
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10, 1- Specifications

ERTRY ¢

ERRCR EXT:
DATA INFUT:

DATA OUTPUT:

The Intercom command 08 1675 causes the routine
to be transferred to line 19, and control
transferred to word 75.

None in this routine.

In N/2 consecutive Intercom double precision
locations in memory as specified by the second
casmand of the two which is K N ADDR,

Up to 50 double precision floating point numbers
punched on tape in a form to be tabulated by
flexowriter,

EXECUTION TIME: Each number requires 3 drum cycles in addition

SHORT LINE

to conversion time for processing. Tape punching
time is additional,

LOCATIONS USED: A format is placed in 02,00-03, Line O4 is used

CHECK SUM:3
REMARKS 2

10,2 Method

for storage of the routine during execution, Line
19 is used as output storage, In addition to the
short line storage used by Intercom, and the Binary
to Decimal Conversion routine, the following are
used by this routines 21,02,03, 22,00, 22,01, 22,02.

(u?) 1000608

The output format is as follows: sign, two digits,
period, five digits, tab, seven digits, tab; sign,

two digits, period, five digits, tab, seven digits,
carriage return, stop or reload, '

Index Register 8 may not be used with the command to
use this routine,

Since this routine requires the use of line 19 for output, it cannot
be executed from line 19 while the output information is stored there,
It must be executed from some other command line, This is accomplished
by interchanging it with line Ol of Intercom using line 19 as intere
mediate storagee When the output is completed, the lines are switched

back again,

This routine uses various parts of Intercom to do some of its work.
A pair of Intercom commands must be written to use the routine,

The second command contains a number to tell how many numbers are
to be punched on tape, and the location of uhe first one. The
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command interpreting, part of Intercom is used to convert this command
to a form usable by this routine,

The binary to decimal conversion routine of Intercom itself is
used by this routine for the actual conversion of the numbers,

10,3 Detailed Description

1, The Intercom Command 08 1675 causes this routine to be trans-
ferred from line 16 to line 19, with the next command taken
from word 75 of the routine,

2o Part of Intercom (Line O4) is transferred into line 16, and
this routine transfers itself from line 19 to line O4, A
special exit to this routine is inserted in the command in-
terpreting part of Intercom at 00,46, and control is transe
ferred back to Intercom,

3¢ On return to this routine fram the Intercom command interpreting
part, the command K N ADDR has been converted to binary form
giving WD, N and CH. (See page 11 of the Intercom 1000 Double
Precision Technical Manual,)

lie Line 19 is cleareds N is extracted from the converted command
and shifted (in AR) to the T positien (2°°) to be used as a
tally, Part of the format is placed in line 02,

5¢ WD and CH are extracted from the converted command. A dummy
is sadded to form the initial picke-up command, The contents of
22,02, which are used by Intercom are stored temporarily in
0430, with the initial pick-up command going into 22,02, The
balance of the format is placed in line 02, and the initial

store command is set up.

6e The tally is reduced by 2028 and its sign tested. If negative,
the looping is completed (see 10 below)., If positive, the loop
is continmued, -

7. The two-word registers are cleared, The pick-up command is
executed bringing a number into the ID. A return command is
placed in the AR and control transferred to the binary-to-
decimal conversion routine (0l.4l).

8. The converted number is moved from PN to ID also, The part in
the ID is shifted right 1 bit, and the low order part copied
into PNg. The two parts of the PN are copied (sirgle precision)
into temporary storage, putting the sign on each part, The
number is then picked up in ID and the store command egecuted.
The store command is then modified by subtracting 2.2%Y,

9. The pickeup command is modified by adding 2.2-8, A constant
of 28,28 is added and the sign tested, A positive indicates
that the last number picked up had be-a storsd in words 98 and
99 of a channel, The next number should be picked up from
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words 00 and Ol of the next channel, sc a channel modifier is
added to form the new pick~up command, The loop goes back to
step 6 (above).

Line 19 is punched, The contents of 22,02 is restored, and the
normal command is replaced in 00.L46. :

114 When punching is completed this routine is transferred from

line O4 to line 19, and control transferred to line 19, Line
16 (the original line O of intercom) is transferred back to
line O4j, This routine is transferred from line 19 back to
line 16, and control is returned to Intercom.
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10.i Intercom 1000 = Flexowriter Number Output Routine 2ge 69

7/22/58
? ’ Line 16
Line O}j——————Line 16 Incremeﬁg Store Command
Line 19 -~ —p=1ine 04 ] by «2.2
80 {Increment pick P 16
command by 2.2 Pick up and execute

Store command ID—PL19

1 Y | T
[Add 280278 93

in 00.46

Put special @mmand

96 PN, —~2*-ID. .. Shift
Transfer back to 1 { bit right. ID,—*
Intercom Control L8 : PNy. PNy PN, ;—21,02,03

—(  Test Sign ) 21.02,03 —— 1D,
+ A
L9 Lire Ok 50 Y 38 :
Clear line 19, Extract N Add channel " !
Transfer to output
 ahitt o 1 portiion ity Siors|  ( demrerson Sh )
. new comm, :
i’\./ l ’

06 69 i
Extract Wd & Ch, Form 51 ' Clear, Pick up and execute
initial pick up command aste PU comn, Ch.Wd —ID,
Store "WIRA.YW ~*-1 Command Pick up return command
6l l 9 Y 66 +

- Reduce tally . 3
Fix part of format. Set | ___of; _8 __..< Test Sign
initial store command by 24277, — )

70 4

7k
Z 190
Line Olj ————Line 19 73 Punch Line 1
| Restore "IRA." Restore
Transfer control to L19 t——( Test Ready , )-4——
Line 16 ————#»Line O} : -Normal Command to 00.46

Line 19 ———## Line 16

i
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Los Angeles 45, California

Page _1 of _3
a-15 D Prepared by R.J. Margolin Date:_7/22/58
PROGRAM PROBLEM: Intercom 1000 - Flexowriter Number Output Routine Line _16
P
0 1 2 s L P H N|C|S | D |BP NOTES
& 5 8 1 e fulve | 770 on |16 Line 0Oij ————{Line 16
8 9 10 Ny o lufs | so]of1s oy Line 19 —————{>Line 0l
' Spec,,
2 B W g 81 | 83 o | oh |28 Comm, = OL81———— AR
% 17 18 19 eV Iw lue | uoly l21]n I-;JC from Ol k49 _]
N N 2 B ohec- _
83 b6 | 9610 ] 28 | 00 Comme ™ AR———$500.L6
U B 6 2| o |wios | onlo]2a]|n Trans to 00,01
28 28 3N 3 | 49 JU fl 50 sy o | 29 | 19 Clear L, 19
2 8 U B 55 | 5740 | 31 |28 N = 20021403—————> AR
® 0 B 8| o |ules | erl2f2s |20 | |m—t—)—pame su.
o a4 2 8 . 68 | ob lo| 28 |22 Tally ™ AR eeed> 22,00
Format
“ &5 6 4 02 | osiL | oL | o0 I = 04.02,03 —02,02,03
8 43 S0 51§ oy 6030001~ |
52 85 54 55 | 0000031+
L .
5 57 858 59 0b 07 10/01} 30 | 28 Wd & Ch = 2021003 ~———{ AR
Dummy
60 61 62 63 | 4 11 | 22{o | oy | 29 PU Comm, = Ol 11———{> AR+
64 65 66 67 | (3 ) w oo | 26{u]oo]e2s 50.00,01———91099;
68 € IC 71| 5 0 | nlolez o) | ma=22,00——pol,30
% Init. PU : .
7B W B g | Fay | en]of 282 Comm, = AR——>22,0%
_ Format
1 18 1B oo | o8 ik |oy]oe II = 04.00,01——4>02.00,01
80 81 82 8 | o) | [0300018+ ]
84 85 86 87 || o) 0000110+
. Tnitial -
88 89 90 9 | o8 13 | s9lofon |2 St. Comm, = 0,13 ——{>22,01
92 9 8 9 | 13)iw !l uvs 221 | 25 {19 [inc’l —-——{>19.U6.Uﬂ
9% 97 98 89 ¢ ‘
Jup ut w2 W |
ud u§ us
| | | |
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1 Los Angetes 45, California Page 2 ol 3
G-15D Prepared by R.J. Margolin Dale:]ﬂ?ﬁL
PROGRAM PROBLEM : Intercom 1000 ~ Flexowriter Number Output Routine Line _}é_________
...;.....! : 3t g; NOTES
$ 8 6 7). 60 || meary 28 - 22,00 —DaRg—
88 0 N 62 | 63[3fouf29 “ 2:278 « 0l 62 —=—pams
B W B [ 02000006 ]
® 1 B 1 Ve _ ,
- 63 6 | 6610 | 28 | 22 Tally = AR ————=>22,00
20 2 2 B 68 | 62 o] 22 | T. AR ———{>Tost
A B B 04 4 72 | 2loli10 N Punch 1 19 ] LS_.};
28 28 W A | 72 | 7610123 |31 Clear ' e
.8 W B | 7 w | 18022 |28 P Comm = 22,02—>AR
% 37 38 3 NC from AR
W 4 42 81 e fw o) | 26 i [(00)] 25 ggin Ch, Wd, Wdel —TD, 5
TRV I I 27 | 38lo | ou | 28 Comm, 04627 ——DAR
4 4 50 5|, 93 | 931h {21 ] 31 Ec from 0&.&3]
52 53 54 55| 4 bl | lji]e1l s Trans:er to Olohl (29296VZ)
6 51 58 88| o3 | o | orls|ze|os | |Wew wrny, —*—tm
60 61 62 6| o 02 | osjol2 |3 Shaft T = 2
B4 65 68 6 | 06 | o9 lo | 25 | 26 Low order ~ ID, ———{> PNy
68 69 70 7 | o9 12 | 12fof2 |21 PN PN.———>21,02,21,03
n B BN W | 164L {21 |25 21,02,03 ————> 1D, 4
6 77 18 1| 4 17 | 18]o | 22 | 28 Senme = 22.01-———1>A;_
80 81 82 8 | 45 20 | 200l 3| m NC from AR
84 85 86 87 | (xp) (00) | 22 |u | 251 19 IDy o ——D19.17
8 89 80 81} 23 | 2|3 |ou ]2y | | 202 = ohuzy——=—tpime |
2 8 8| | lozo0o000 ]
96 37 98 99 ol 25 gg. 0| 28 | 22 g:: Comm = AR {$>22,01
w oW Wy, 30 | 32]o| 22 | 28 PU Comm, = 22,02 ——{>AR
U | | 1
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Los Angeies 45, California
» ‘ : Page 3_ of 3
9 G-15D Prepared by R.J. Margolin Date: 7/22/58
PROGRAM PROBLEM : Intercom 1000 = Flexowriter Number Output Routine Line 16
?== = = = e——
o 1t 2 3| L |P {i,NCS~D BP NOTES
| i
$ 5 6 1 5 33 | 36]olou]20 | | 2.278 = 0y,33 ———oare
88 10Ny rozooooo« _l
1B W5 New PJ
36 38 | L1]o | 28 | 22 Comm, = AR ——>22,02
6 17 18 19 L1 L2 L8 lo | oy | 29 2-_8o2°8 = Qo2 ——{> AR+
DA 7 B, L0000+ |
4 25 26 21} )8 5o | 50f{0 ] 22 | 3 Ty oAR coo->Test,
. = [Set
2 29 0 3| 53 | sofo] 00| 00 Waste Comm, cet
‘ , Channel + |Not Set
2 W U B g 53 | s6 ook | 29 ||, || Modifier v Oko53—{ARe+ ]
¥ 3 B B | [ 8000020- |
New —
0 o & & 56 58 | 59jo | 28 | 22 PY Comm, = AR—{>22,02 —p>
C |# 6 6 & '
8 49 50 5 |
52 53 S4 55 | -, 30 | LS jo | oy |22 IRA = Olio30 ———>22,02
57 58 59 formal
5§ 45 w6 | 73lolon| oo Comm, = Olioh6——1> 00,46
60 61 82 8 6| lur | u8fof 3]s [Extract ]
64 65 66 67 | -, 73 | 7310128 |3 Test Ready
68 6 70 N} o [yl | 78fo] oy |19 Line Ok > Line 19
n n TR Transfer contrel to this
78 |w | 80 | 8216|2131 routine in line 19
{76 77 18 1) g Jyjes | anofie!a Line 16 ——————_>Line Ok
80 81 82 8 ) g |yfss | 96]o]19 |16 Line 19 —————{Line 16
84 85 86 87
88 83 90 91
&2 93 84 95 |
W 9% 97 98 99
. uo ut w2 W3 g, |uweersse |
FORM ~ 3
s8¢0 | U4 U ub
108-5.0 . (] 1 A [120 o6ase J




MEMORY ALLOCATION CHARTY

Page 73 of 101

Intercom 1000 (D.P.) Page .__..1 Of..l..'.
Problem Flex Qutout. Date 4/2159.
Prepared by Robert J, Matgolin, Check Sum  .1000608 Line 19/04,
o7 V6 us vl
1000608 | 4uw2?55
vl U2 Ul uo
99 99 97 96
205352 ggglzxz '
95 94 9 9
‘ -8206082 |-6061759
- 9 30 89 L)
87 86 85 a4
5560270
83 82 81 80
uy60380 | 5354204 |[-v03l2vz | 525309w
79 78 7T 76
=-x052uvz 4y50264 | 8yl22xw
75 74 73 T2
4whx090 | 4v4yQ93 | 494939z | 9y2x096
71 70 . 69 68
Four-Word Lines 4848152 484w2zz
67 66 25 64
Line 3 2 1 0 455y396 44452xz -8008082
63 62 6! 60
4142396 200000 | 3z3zw9x
59 58 &7 56
Ix3Ix2xw 4243v9x | vu3v3ge
55 54 53 52
38393zw |[-8000020
51 50 49 48 :
v53v000 v53809x 32363v3 32322xz
a7 46 45 44
20 3030vzw | 2249080
43 42 4] 40
21 Temporary{Storags 1wG0000 | 2v3009x
Pickup | Store 39 38 37 36
22 Cormmand | Command| Tally 29296vz u629396
35 34 33 ER
23 200000 | 222409x
31 0 29 28
u240396 //.\ - 12202xw
127 26 25 24
-5x5x2vz 1w2609w 1u1x39§’
23 22 21 20
200000 | 1818w9x | 9ylz2wh
i9 i0 7 16
1414322 12122x%w
(L L) F) i2
-yul6333 |-8yl0o2v9
T 70 09 4
«801u0l9 <1509x | wOw355 | 8x3v096
‘07 06 05 04
' 80ulxw 70933u
03 42 (<]} 00 .
«-8030001 34 300018 110
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11¢ Intercom 1000 Card Input-Output Routine

11,1 Specifications - Data Card Input Routine

ENTRY ¢t

EXITe
~ DATA INPUT:
DATA OUTPUT:

The Intercom command 08 1605 c&uses the routine
to be transferred to line 19, and centrol trans-
ferred to word 05,

None in this routine,
N< L4 double precision numbers on a card.
The numbers stored in consecutive Intercom double

precision locations in memory as specified by the
sescond command of the two which is K N ADIR,

EXECUTION TIMEs The major part of the time is required for card

SHORT LINE
LOCATIONS USED:

" CHECK SUM:
REMARKES 2

reading., Each number requires 2 drum cycles in
addition to conversion time for processing.

Line OL is used for storage of the routine during
execution. Line 19 is used as input storage., In
addition to the short line storage used by Intercom,

and the decimal-to-binary conversion routine, the
following are used by this routine: 20,02,03;
21,025 22,025 22,033 23,03,

(u7) 100060u

Index Register 8 may not be used with the command

- to use this routine,

11,2 Specifications - Data Card Output Routine

ENTRY:

EXIT:
DATA INPUT:

DATA OUTPUT:

The Intercom command 08 1610 causes the routine to
be transferred to line 19, and control transferred
to word 10,

None in this routine.

A floating-binary number in the Intercom AA register
(21,00,01)

The converted number punched in a card,

EXECUTION TIME: Six drum cycles plus conversion time,

SHRT LINE
LOCATIONS USED:

Line 19, 05,76=.97. 02,02,03 for format.
This routine uses no short line storage beyond that
used by Intercom, and the binary-to-decimal conversion
routine,




Page 75 of 101

CHECK SUM: (u7) 100060u

REMARKS ¢ Since it is possivle for Intercom computation to
proceed while output occurs, the whole punching
time is not included in the above time,

11,3 Method - Data Card Input Routine

Since this routine requires the use of line 19 for input, it cannot
be executzd from line 19 while input information is stored there,

It must be executed from some other commend line. This is acoom=
plished by interchanging it with line OL of Intercom, using line 19
as intermediate storage, When the input and conversion are completed,
the lines are switched back again,.

This routine uses various parts of Intercom to do some of its work,

A pair of Intercom commands must be written to use the routine, The
second command contains a rumber to tell how many numbers are punched
on the card and the location where the first number is to be stored,
The command interpreting part of Intercom is used to convert this
command to a form usable by this routine,

The decimal-to-binary conversion routine of Intercom itself is used
by this routine for the actual conversion of the numbers.

11,4 Method - Data Card Outrut Routine

Since this routine requires the use of line 19 for output, it cannot
be executed from line 19 during output., During the output part of
the routine, it is executed from line 05,

11,5 Detailed Description - Data Card Input Rcutine

1. The Intercom command 08 1605 .causes this routine to be trans-
ferred from line 16 to line 19, with the next command taken
from word 05 of the routine,

2, Part of Intercom (Line O4) is transferred into line 16, and
this routine transfers inself from line 19 to line OL, A
special exit to this routine is inserted in the command in-
terpreting part of Intercom at 00,46, and control is transferred
back to Intercom.

3¢ On return to this routine from the Interccm command interpreting
part, the command XK N ADDR has been converted to binary form
ivtnglgb, N and CH (See page 11 of the Intercom 1000 D.P, Technical
anua '

lie A card read command is given. Special extractors are placed in
20,02,03 and the contents of 22,02,03 are stored temporarily in
OLie70,71. The two-word registers are cleared. N is extracted
from the convgﬁted command and shifted (in AR) to give 2N in the
T position (2*°) to be used as a tally.
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WD and CH are extracted from the converted command, CH is-
separated from WD and shifted to the D position. It is then
recombined with WD and a dummy to form the inttial store
command, The normal command is restored in 00,L46.

A special command is placed in 02,86, The routine waits until
the card is finished being read,

The tally is reduced by 2.2=8 and its sign tested, If negative,
looping is completed (SeelO below), A dunmy is added to the
tally to form a pick-up command, which is executed after the
two=word registers are cleared,

The number is shifted one bit left., Then control is transferred
to the decimal-to-binary conversion routine (02.70), with a
return command in 23,03,

After convers}gn, the store command js executed and then mcdified
by adding 2.27°, The constant 28.2"° is then added and the sign
tested, A positive indicates that the last number converted had
been stored in words 98 and 99 of a channel, The next number should
be stored in words 00 and O1 of the next channel, so a channel
modifier is added to form the new store command, The loop goes back

to step 7, above,

This routine is transferred from line O4 to line 19 and control
transferred to line 19, Line 16 (the original line O of
Intercom) is transferred back to line OL, while this routine

is transferred from line 19 back to line 16, The original
contents of 22,02,03 are restored, as well as the normal command
in 02,86, Control is returned to Intercom.

11,6 Detailed Description - Data Card Output Routins

1.

2,

3.

Lo

5e

The Intercom command 08 1610 causes this routine to be transferred
from line 16 to line 19, with the next command taken from word 10

of the routine,

With the two-word registers cleared the contents of the Intercom
AA register are picked up in the ID, A return command is picked

up in the AR,

Part of the commands are transferred to line 05 for operation
after the conversion., The format for punching is set in line 02,
and control is transferred to the binary-to-decimal conversion

routine,

The return command causes control to be transferred to line 05,
Line 19 is cleared, then part of the converted number with the
sign i1s placed in 19.u7. The catrd punch command is given, and
after wasting 2 .drum cycles to allow the sign to be punched, the
whole converted number is placed in 19.u6;u7.,

Control is then retﬁrned to Intercom,
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11,7 Intercom 1000 = Card Input-Output Routine

- R -
q@ Input ead Line 19 IOOutput Punch

Line Oly—Line 16
Line 19— Line O4

33

‘Clear Pick Up AA Reg.
Move part of line 19
to Iine 05, Set Format

Put special command
in 00,46 to switch
Intercom control to L O4

34
Gsansfer to out
t Conversion

97

11

96

of 101
7/16/58
Line 16

Line 04
9l

Clear Line 19
Sign part->19.U?|
Punch Card ]

Transfer back to
Intercom control

Increment ST
Comm by 2.2-8

i Store, Add
: 28.2°
57 t Line Ol
Read Card, Set up ex=-
tractors in 20,02,03
Store ™IRA & CC.™ Clear, 17 Y
—( Test Sign )
- +
78 19 Y
Extract N from dummy. dd channel
Shift 9 bits left in AR odifier. Store|
to use as: tally & store N
06 Y 20
Extract Wd & Ch from ejaste Command |
Dummy. Put 21,02, Ex-
tract Ch.2=¢3, Shift 5 |
bits right to D position.
Recombine with Wd and add 38 Y

dummy to form initial
store comm. Restore 00.L6

Pick up talls_'e

Subtract 2.2
Stor ta

76

Set special command
86

Pick up ST comm
Execute from AR

Trans. to inpu
Conversion SR

50
L Add dummy pick up
comm, Clear
Execute from AR Restore and
(19, TT—=MQ) OoExit.
Shift left 1 bit. Wast
Pick up Ret. Cannn.l Cix?nn:nd
51 Y
L8 |+ — [Tine Of —sLine 19|
Test Sign )—#1 Transfer control
Lto line 1

56 Y Line 19

ine 16—#=Line 0O
Restore "IRA & CC."
Line 19—*Line 16
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G-15D Prepared by R.J. Margolin Date: 7/16/58
PROGRAM PROBLEM: Intercom 1000 D,P. = Card Input Routine Line 26
s 1 2 sl ufefg|nc]s|o e NOTES
4 5 8 T ) o5 |ufos | s0]o]on]s Line Ol —————1>Line 16
g8 98 10 N | j0 fufi3 | 33]0f19] 0k Line 19— Line Ol
2 1 W 5 | b | ol ]2 | | coems = 19.36—pam
o 7 18 ¥y lwlue ] o2l 21| 3 Transfer to 0li.57 _—J
22 2 By | | orfo]28| 00| | coms =am——boos
a4 25 2 27 97 IWll99 | oaflo] 21| 3 Return to Intercom Control
% 2 0 | s | elolwla Read Card
32 N U B g 62 | 69 1L ] ok | 20 Exgﬁg;:g; ——4>20,02,03
IO B I I PSS [7z003v00 ] |
0o 8, __|oooogroe
4 45 6 404 70 | 7314 | 22 | ok ' & CCt = 22.—02,03—-{>ou.7o.71
4 4 50 5y o, 7% | 18lo] 23| n lear | |
52 53 54 55 .o 79 | 83i0] 30 | 28 No2™10 = 20.21.03 ——PAR
56 57 58 58 .. |.los | 95l2)28] 29 ool _sare 9w,
60 61 62 63 ) o 95 | o6 f2 | 28 | 22 w28 = s L2203
84 65 68 67 § . 07 | o8Jo] 31} 28 Wd & Ch = 20021.03 ——4{» AR
68 6 70 71 | o 10 | 21]o ] 28 | 21 Wd & Ch = AR ——>21,02 |
7B ou B 22 | 2310 31 | 24 Che2=23 = 20.21:02 ——{ Dy
18 N, 10 | 33lo) 2 | 2 Shift T = 10
80 81 82 8 | 35 38 | L2l | 30| 28 Wa:2=D = 0e22.02 —L L tap
B4 85 86 8} ), 6 | s3lo]ol|oo Comme = Ol i ——D>00.L6
8 8 9 9|0l Jo7 | usle| |z [ Extract |
2 93 u H| . | sy, | 592 |25 | 29 Cho2 ™20 - IDﬁ——lJ-€>AR4
9% 97 98 99 | g9 60 | 64 1o | oy | 29 mom. = 04,60 ———> AR+
W wow2 o) |w ooy | 1 lu | 25 o0 (5 y —— 00,00,01]
wouyous | ou | fes | 76]0]28]e2e ll Comme = AR ——22,02
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1 Los Angeles 45, California




FORM
BCD
108-5.0

0
4

8
12
16

20

24
28
32
36
40
44
48
82
56
60
64
68

7

16
80
84
88
82

uo
u4

G-15D
PROGRAM PROBLEM:

1

5
9
13
17
21
25
28
3
31
4i
45
49
5
)
61
65

69
1

n
81
85
88
K]

97
u

us

2
6

10
14
18
22
26
30
34
38
42
46
50
o
58
62
86
10
1L
18
82
86
90
94
98
u2
ué

3
1

)
15
18
23
21
k]|
35
39
43

a1

51
35
39
63
67

"
15

19
83
87

91 H

95

89
ul
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Prepared by

Los Angeles 45, California

Rod, Margelin

Page 2 _ of _li

Date: 7/16/58

Intercom 1000 D.P. = Card Input Routine Line 16
== —
L L NOTES
Special '
76 17 79 Comme = 0477 —>AR
(17) I—sasaooo* _l
Special |
19 86 | 370 |28 | o Comm, = AR ——>02.86
37 37 | 37lo | 28 | 31 Test Ready
38 39 | nolo |22 | 28 oNo2 ™8 = 22,03 —— MRG—o
4o b1 | us 3| ol |29 228 = ol 41 ——P AR+
(42) [;200@004 ]
New
L5 b7 | L8 jo | 28 | 22 Tally = gﬁ—-——-—{>22,03
418 50 so0lo ] 22| 31 TAR ——> Test
=[oet
51 gy S JO | Oh | 19 Line O} ——————{>Line %9 tg D3
| Dummy 4 [Not Det
50 52 | 55 |0 ] o | 29 PU Comm, = Oli452 ——{>Al%
(52) |w lcoo) | o9 fu | 19 | 21 [19.(00.01)—— 1y 4
55 58 99 10 | 23 | 3L Clear
99 UL | wL{o | 30 | 31 NC frem AR
09 02 | 65lo| 26 | B Shift T = 2
Ret,
65 67 | 68 o | oh | 23 Comm, = Oly6 —mm—emcf>23,03
(61) 93 | 96 |k | 21 | 31 [ye from Olo96 :l
68 70 |- 7012 | 21 | 31 Transfer to Input Conversion SR
, Store
96 98 | 9910 | 22| 28 Comm, = 22,02 ———{ AR
Conv NC frem AR :
(AR) (wa) | 1u |k | 25 {(ch) No, = In%l > Ch Wd
11 12 | 13]o ]| ok | 29 24278 = 0l 12 —— P> IR
(12) [_ c&zoooowj
New Sk,
13 i | 150 |28 |22 Comm, = AR———"P>22,02
15 16 | 17lo | ok | 29 28»2”8 = Olyolf ——————af>AR®
(16) | H,woooooa
17 19 | 19fof 22| n TyAR — plTest
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Los Angeles 45, California Page 3 of L
\/ G-i5D Prepared by R.J. Margolin DateZM
PROGRAM PROBLEM: Intercem 1000 D,P. ~ Card Input Routine Line _16 |
|
NOTES
= et
4 (] 6 1 20 25 lo|l oo o0 Waste Conm. Lo p.2
Channel #Not Set
89 W W) o2 | 2500 | b | 2o | | Hodifemr = oh.or—bAme
13 "1, | [ 8000001 |
% 17 18 19| . e Wwsy
25 26 | 38|00 ] 28 | 22 Corm, = AR ———{>22,02
20 2 2 23
Transfer centrel te this from
4 B % D7 5k 56 | 56161 21| 31 reutine in line 19 <§;“p‘:’2
2 2 0 3 56 Uo7 | 66101 16 | ok Line 16 ——{>Line 0l
_ ¥TRA.
2 3B H B 70 | 2 1h] 19| 22 & CC* = 19,70,71—>22,02,03
¥ 3 W ) oyl | mlol ] e Line 19 ————{Line 16
0 4 42 4 Normal to p. 1
| 7h 86 | 9710 |19 | 02 Comm, = 19.86 —4>02,86 —>
— |4 54T g [s85833vs ]
8 49 50 5 - -
52 53 54 58 | o0 oz | s1lo| oo | oo Restere & Exit
5% 57 58 59
60 61 62 63
64 65 66 67
68 69 70 71
7 1B 1 15
6 71 78 19
80 81 82 83
84 85 86 87
88 83 90 9
92 93 94 95
" |9 9 9 9
u w o w2 ul
'3@5" U4 u5 U6
£08-5.0




FORM
8CD
"."5-0

G-15D Prepared by R.J. Margelin Date:7/16/58
PROGRAM PROBLEM: Intercom 1000 D,2, ~ Card Output Routine .I.ine 6
o 1 2 s L[plg|Nc|s | [se NOTES
& 5 6 7 4 13 | o |23 |3 Clear
8§ 8§ w0 njy, 16 | 284 |21]2s AR Reg, = 21,00,01——PID
12 B W 15| 54 29 | 751019 |28 | gfimt = 19.29——pDAR ]
1 8 1 oo lwlos | onls 2n s | | [wc srom osess]
0 0 2 B g {ufos | 98019 |os | | imeo——>Iine 05
A B B 2| g 02 | 3|y 19’ 02 Format = 19,02,03 —{>02,02 03
2 2 3 3| [8000000¢ |
0B M By I 00T O*
¥ 31 B Ny wilse | ynfnlor|am Teans o output conversion SR
W & &2 B, lulo | o5]ofag |9 lear Line 19
wos oo 1 | o8 o | 26 | 19 Pary = PN 19.07
48 4 50 51 || g 8 | 87jo 12|31 Punch Card
52 53 5¢ 55 o lwiles | sofo 28|28 Waste 2 _drum cyeles
56 57 58 59 | o | lus | o |u |26 |19 Rare. PNy —D19.U6,U7 to ot
60 61 62 63
64 65 66 67
68 63 70 7
7 1B K0
% 11 718 18
80 81 82 8
84 85 86 &
88 89 90 91
92 93 94 95
9% 97 98 99
W owou W [suvesse |
U s IjB _Jw I L10006°U*l

Page U1 of 101

Los Angeles 45, Calitornia

Page L of L_




MEMORY ALLOCATION CHART

Problem

Page 82 of 101

Intercom 1000 (D.P.) Page 1 ofl.
CA-1 Data Input-Output, Date 4/2/59.

Prepared by Robert J. Margolin. Check Sum .100060u " Line 19/04/05.
07 3 s 7] '
100060u { 814v668
u3 TF3 vl uo
99 98 97 96
6565322 . ~8222262 3012vz | y2632xw |
95 94 193 92
-yv58353 | 5z52z3v3 | xz06v96
91 ~190 69 68
5957172
87 86 85 84
x85039w | 585833v
83 82 8 80
5x5xv9x -yu61353
79 78 77 76
x625382 | 50533xw | 5858000 | 4y4209w
75 T4 73 72
6262265 | x661262 | 4why2zz | 494u270
7 TO__ 69 68
67 56 68 64
Line 3 2 1 0 -xx602vz | -wb48276 | w344097 | w24w396
o 63 62 61 60
20 7Z003Y0 | 00003YO 7z003y0 3y0 |-4045094 |-800v320
59 58 57 56
21 |qomverteq i & ch AR Register 3x4009x | 3wdwlzz | 3udxlxz | 3942204
T St 55 54 53 52
2 | Tally |gcora 3u632zz | -3838uvz | 373vv3x [-8009278
50 50 49 48
23 g::::gd 3436093 | v43709x 32322xz
- 47 T3 45 44
3030vzw | uz30396 | uy61380
43 142 40 40
uy35080 200000 | 2u2xwIx
39 38 37 36
28282xw | 252539z |~v0392vz
33 34 33 32
ub2uvxw | ub296vz | ub2w2lw |
3 30 29 26
1221264 | -xx5y6vz ly4v2iw
27 26 25 24
1v26396 |
23 22 21 20 ;
u2335z | -8000001 1717329 962600
19 18 7 13
961909x | 13132xz | 1w00000 |
'8 ) i3 2
’111109x | -901w2v9 202396 | 200000
N\ 1L 10 1) 108
|| x0x09x x0y2zz | 24135z | 8ul5395
o7 06 0% 04
8083zw 61y090
03 (1}] 1ol - |00
8000000 y40 | - 8233c00
MRS,




12,
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Intercom 1000 Command Card Routine

12,1 §pecifications

ENTRY: The Intercom command 08 1775 causes tho routine to be
transferred to line 19, and control transferred te
word 75,

EXITs None in this routine,

DATA INPUT: Intercom commands punched on cards in the 026, N
commands per card,

DATA OUTPUT: Commands in conmsecutive Intercom locations beginning
with the location specified by the second command of
the two, which is K N ADIR.

EXECUTION TIME: Bsasically, the time is determined by card reading
time, during which conversion and storage of commands
may occur, Each command requires 3 drum cycles,

SHRT LINE

LOCATIONS USED: Line OL is used for storage of the routine during
execution, Line 19 is used for input. Words u0
through u7 of line 05 are used for temporary storage.
Line 23 is used for input. In addition to the short
line storage used by Intercom, this routine uses:
20,02,03; 21,003 21,01; 21,02,03; 22,01; 23,00-03,

CHECK SUM: (u6) =4809005
(u?7) 100060v

REMARKS 3 Index register 9 may not be used with the command to
use this routine.

12,2 Method

Since this routine requires the use of line 19 for input, it cannot

be executed from line 19 whiles the line is being used for input,

It must be executed from some other command line, This is accomplished
by interchanging it with line OL of Intercom, using line 19 as intere
mediate storage, When the input is completed, the lines are switched

back again,

The routine must re-arrange the command from the card, which is in the
form K OP CH WD to the form for storage K WD OP CH, By shifting, .the
first form is made into three versions, each containing some of the
characters in the positions desired for the final form. Then, by
extraction and combination, the final form is made up.
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12,3 Detailed Description

1, The Intercom command 08 1775 causes this routine to be transferred
from line 17 to line 19 with the next command taken from word 75
of the routine.

2. Part of Intercom (line O4) is transferred into line 17 and this
routine transfers itself from line 19 to line O4, 4 special
exit to this routine is inserted in the command interpreting
part of Intercom at 00.46, and control is transferred back to
Intercom.

3¢ On return to this routine from the Intercom command interpreting
part, the command K N ADIR has been converted to binary form
giving WD, N and CH, (See page 11 of the Intercom 1000 Double
Precision Technical Manual)

be A card read command is given., The two-word registers are cleared,
N is extracted from the converted command and shifted (in AR) to
the T position (2-8) to be used as a tally setter. A special
extractor is placed in 20,02,

S5« WD and CH are extracted from the converted command. The CH is
then extracted and shifted right to the D position, recombined
with WD and a dummy to form the initial store command., The
contents of the AA register (20,00,01) are temporarily stored in
line Oh. Special extractors are placed in 20.02,03, The normal
command is restored to 00.46.

6o Ready is tested to find whether reading of card is completed, The
card information is moved from lines 23 and 19 to 05.,u0=u7,
- The last command from the card is tested against all z's, If
not ecual another card read command is given, If equal, the
card read command is skipped, The tally setter is picked up,

Te 1.2"8 is subtracted and the tally stored, then its sign tested,
If negative, the program goes back to step & above, If not, the
two-word registers are cleared, and a dummy added to the tally
to form a pick-up command, which is executed, The command from
card is tested against all z's, If equal; the looping is ended
(see 9 below). If not, the command is re-arranged into the form

for internal storage., (See method)

8. The store command is executpd,'agg then modified by having 1028
added to it. A constant of 28« is then added and the overflow
tested, If the overflow is set, the last command from cards had
been stored in word 99 of a channel. The next command. should be
stored in word 00 of the next channel, so a channel modifier is
added to form the new store command, The tally is then picked
up and the loop goes back to step 7 above,
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9+ This routine is transferred, from line O4 to line 19, and the
contents of the AA register (21,00,01) is restored. Control
is transferred to this routine in line 19, Line 17 (the
original line O4 of Iatercom) is transferred back to line O,
This routine is transferred from line 19 back to line 17, and
control is returned to Intercom,
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75 ‘Line A9

line 19— 1Tine 04

12, Intercam 1000 - Command Card Input Routine

6L

Line Oj = Line 17 lnll’lﬁ Test Sign KJ aT

7/18/58
Hnbm, 17

70

s |

H

50

Clear. Add dummy PU Comm,

Execute, 05, TT~————= AR

Subtract 1.2<0

—¢— Pick up tally

o

10 1 Store tally i Store Corm. in MQqg
St up special 25 Subtract all Z's,
cormend in 00.46 w Waste
3 ommand
L5 w , 3 1 =0
{ Pick w» tally setter | ) ( Zero Test — e
93 i1 i ho 70
Gwmwmwmw tack to L6 x&mwmwwnbmw 1 4
Intercom Control { Read Card ] SR !
w 1 % A Set MQy—iR. Shift 16 bits
: ‘ Not MQ——L VA 21,03 for 2 word
. L3 Set 23 times, Shift 5 bits, MQq
23 1 Line O Zero Test ) L—(_ Test Overflow ) ——»AR. Extract (27)
| zead Card, C(lear. Lxtraci =0 J | Lo AR for 2 wot.
i X from dumy. Set extrace 00 +
| tor in 20.02. Shift N 8 39 =8 19 ‘
N z Add 1.2 to ST d *
| cits left and use as tally| | [Subtract all L's from Isst ] o - comrande Cony. comm,——mMQq
| setter., 1 word Store umamwm. command Pick up & execute mmrnouu:ma
dd 282~ | MQ—* o Ch,Wd.,
37
+ Pick up last word. Move 62 Tine AS 16

2l _

-

xtract Wd & Ch from durmy.
zxtract Ch % shift 5 bits
rigat to D position. Eecom=
bine with Wd & form initial
tore comnand. Store AA

‘_."\)

W e

er, Restore 006 —

quzowmmHmaoHdmoHHu.bw
i 119 to 05. U0 thru U7,

A

71 36
jdaste —( Test Zeady D)
Commi, I
oL

ad o

1 Selt svecial extractors

-1

-

Iine 17— Line 04
Line 19 ———» Line 17

Line Ol —————»Line 19 »
Restore AA Register
Transfer control to this
tine in line 19,




FORM
8CD
108-5.0

PROGRAM PROBLEM:

0

4

8
12
16
20
4
28
32
36
40
44
48
82
56
80
B4
68
n
16
80
84

82
8
uo

U4

G-15D
12
5 6
g 10
B
]

2 2
25 2
28 30
I
N B
qoa
54
49 50
53 54
57 58
61 62
65 66

69 70
B
n o
81 82
85 86
89 80
T
97 98
u o 62
us us

3 L |P g; N|C|S|D HBP NOTES
TV 7s lufze | 76lo] oy |17 Line Of ——{Line 17
i _ _ This Routine

76 {ufll77 | 10f0o]19 | oy Line 39———Tine O |
15 Special

10 il 27 34 Jo | ol |28 Comm = Olig2k ——{>AR
" (27) W b9 | 88 [k |21 |33 r NC from 04,88 _]
2 . Special '

34 b6 | 965 fo | 28 | oo Comm = AR ————{>00,46
21 o5 |wivo | o1]o 21| Transfer to 00,01
3 88 _89 89 j0 |1y |31 Read Card .
B | g9 92 | 92]o]23]a Clear
8o 95 | 97 Jo | 31 | 28 N = 20023003 ——> AR
8 97 98 oL |0 | ok |2 Extractor = Cl 498 ———{ 20,02
4 (98) Bcoozxo«,]
SU oy, fulflis | 382 {28 |29 AR —L—Lomu (Bw,t.)
55 Tally

18 21 | 2k lc |28 |22 Setter 28 . ap 22,01
8| ), 27 | 29 lo | 30 | 28 Wd & Ch = 20021003 >R |
83 | 59 30 230 |28 |2a Wd & Ch = AR ————>21,02
67 33 3L, 1 38 jo |2 25 Cho2™23 w 00021002 —>1D,
n i 3 o | b7 fu |21 oy AL reg. = 21,00,01—>0k L0 L1
B 10 | 7210 26| 31 Shift T = 10
1 72 7h | Lhjo ] oy | 28 Normal Command = 0L, 7h—{>AR
8 | () |uffus | usl2 | 31| 28 [ Extract ]
8 Lk L6 LB |O | 28 | 0O Normal Command = AR —{>00.L6
N1 8 50 | s1{o] 30| 28 w3020 = 20.21002—Dam
% | 51 2 | e6]2 | 25 | 29 Cho2~28 m,,—,-—-’—f»uu

f Dummy h
88 | 6 67 | 8610 | ok | 29 St Comm = Olj67 ———ARS
U3 1§ (67) WE 00 | ooz an| oo [Ma—* 00,00
' Tnit St
86 88 | 9L|o] 28|21 Comm = AR ——{»21,00

Page 87 of 101

Prepared by R,J. Margolin

] Los Angeles 45, Californid

Page 1_ ot L

Date: 7/17/56

Intercom 1000 - Command Card Input Roytine 1 —

Line 17




F‘)RM
108-5.0

§ Los Angeles 45, California
Page 2_ of _L
G-15D Prepared by R.J. Margolin Date: 7/27/58
PROGRAM PROBLEM : Intercom 1000 = Command Card Input Routine Line 17
W——P—T—'—-——r——————_’_——_——_——_ﬁ—m%
0 1 2 31t H N|C|S | D BP NOTES
‘ 5 6 ; Il Special Extractors
: Sly 1)-‘ 36 14 Oh 20 il Ohouhyls = $£20,02,03
. r -1
8 8 10 1§, 20000C0+
8 17 18 19 6 36 | 36lo]28 ! m gest Ready
ast
€0 2 B 4 b | 99 |1 f23 {2 Comm = 23,00———DMQ,
4 2% 2 2 99 uy | or]o |23 | os Lz 3——> 05,U0——— U3
8 28 N AN, 08 | 80lo |19 |23 19,04=07 ———>123
, Special
.38 U 3B | g 81 | 96 1o | oy | 28 Comm = OLo81l ——D AR
% 37 8 9| luloo | 2200l |os [ro3—posu-7 |
0 4 492 4 9% 98 | uslo {31 ] 31| gc {rcm AR
ast
4 45 46 4] | ., 2L | 39 |1 |2y | 28 Comm = MQy; —*——{> AR
48 43 S0 51 39 L2 w3z loh |29 All Z's = Ok L2 —=—D AR+
52 53 54 55, (22222220 ]
5 57 58 59 | 13 | L5 45 lo | 28 | 27 AR ———D Test 5
et
60 61 62 63 .__Lié L5 4s lo i 3% Read Card ]
M5 88 Tally [Test Set |
7 | )¢ 49 | 55 |0 | 22 | 28 Setter = 22,01 — AR |
68 6 70 71| .o 58 | 6013 | ou | 29 1278 « Qus8-—=—paReg—ro
nonwon B “E,looooo]
ew
% 77 78 19 61 | éh o |28 | 22 Tally = AR ———q> 21,01
80 81 82 83 | 6l 66 70 {0 | 22 | 31 T4 oAR ———u—t>Tast, l
, - [Set
84 85 86 & 71 72 36 10 | OO0 | 00 Waste Comm, T
+ [ Not oe
88 89 90 91 70 73 78 10 23 31 Clear ‘ l
82 93 94 95 ,
78 8L 91 {o | oy | 2¢ PU Comm, = Oli48li ————> AR+
% 91 9 99 g |wiuvo | o9o]os |28 [os.(v0) ———psm ]
“ “5 “6 | 09 L,lo 11 0 28 Qh h Comm. = AR _—DMQA

Page 88 of 101
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o Los Angeles 45, California .
b Page 3 of L
- G-15D Prepared by R.J. Margolin Date: 7/17/58
PROGRAM PROBLEM : Intsrcem 1000 ~ Command Card Input Routine Line 17
0 1 2 3| L |P ‘{I'l N{C}| S| D |BP NOTES
L R T _ 432 | 3313104 |29 | I Al Z's = Okol2———>AR
8 8§ 10 1 | (12) | Ezzzzzzm jé
12 13 W 15 13 15 | 36]0 |28 |27 || JAR ———f>Tesnt TorSeE
0 e
2 0 2 B | 7oLt
17 18 | 1910 2 | 28 MQy—> AR '
A B B | 32 { s3lo] 26 | m Shift T = 32
% 2 0 N 56 | s7leloay]o1 MQg —V2521,03 (2w.b.)
32 33 M 3 57 10 { 68]0 ) 26 | 31 | Shift T = 10
| | 0 4 42 & 3 lul 76 | 7 27 | 28 | 2C02292C<AR 02,03 ——>AR
~ M 45 & 4 gonve

79 U 82 83 28 21], C'Dmm:: = AR“"""——QMQG: l{Ql
Store

0
1

8 4 50 351§ g 8L | 910 ] 21| 28 Comm, = 21,00 ——{DAR
1
0

Conv. NC from AR

52 53 54 55 (4R) (wé) 00 2 {(Ch) Comm, = MQ—t_—Ch.Wd
6 5 8 5 ) o5 | 06 o, | 29 10278 = 04,09 ———D R
# rm -
60 6 62 63| .. ' 0000006 |
New Sto ™
B4 65 88 67 | o 08 | 200 28 | = Comm, = AR ————4>21,00
68 69 70 n | 20 21 230 Ol 29 2802"’8 3 0&021-——QAR0
3 SRR TR L [P [ siooooor |
% 71 78 18 23 26 | 2510l 29 | ;1 Test Overflow oESet
ot oe
80 81 82 8| ¢ 26 | s0olo | 00 | oo Waste Command -
' Channel
84 85 86 87 | o 30 | 31}o ok |29 | | Modifier = Ol,30 ———>ARs
2 8 M %5, o lo ] 28 o = A >
g | 3 32 | s0fo}28]21 Comm, = AR 21,00 |
8% 9 98 98| o 53 | s5lo| 21|28 Tally = 21,01——D AR
w " w2 u h I

a1
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] Los Angeres 45, Catitornia page b ot b
G-15D Prepared by R.J. Margolin Date: 7/17/58
PROGRAM PROBLEM : Intercom 1000 - Command Card Input Routine Line 17
D AR O A R
o 1 2 3|l | NjC|S|D|BP NOTES
4 § 6 1
8 8 1 0 ﬂ
LR 35 Lo | 59 fL foy |21 Restore AA register
% 17 18 19 ) ' Transfer control to this
| 59 61 | 6216 121 |31 routine in line 19
20 2 B g 63 | 631017 | ol Line 17 ——{Line 0}
| B 8 21 64 | 95 1o |19 |17 Line 19 ———TLine 17
28 29 30 3
2 3 MU 3
B 337 3B 3
0 4 42 4
M 45 6 4 |
48 43 50 51 |
52 53 54 55
5 57 58 59
60 61 62 63
64 65 68 67
68 63 70 T
2 B U 15
% 17 18 18
80 81 82 83
84 85 86 &
8 90 8|
82 983 84 95
9% 8 98 99 |
U m w2 w3 | | I‘ 4609005~ ]
u4 405 us h(U.,) | Eloooépv l




MEMORY ALLOCATION CHART

Page 91-of 101

Intercom 1000 (D.P.) Page 1 of 1.
Problem { CA-1 Commands. pate 4/2/59.
~ Prepared by Robert J. Margolin. Cheok Stm .100060v Line 19/04.
u? vé us v4
100060v | -4809005
ud U2 1] vo
99 58 ST 96
68012y5 | 390 | 6304094 | 62673z2
9% 94 93 92
y401l2vz | -8y24094 xz613zw
9 90 89 es8
5x5x3zz SwSw2zz | 59591xz
87 86 85 84
x85y395 y4090vw
£X) 82 (] 80
$35v2vw 162y5 | 526009w
79 18 77 76
5253798 | x45v09x 4x0u264
75 74 73 72
4w4w091 | 3030vzw | Gwiz37w | wu2w09w
Ti 70 69 [1]
Four-Word Lines 4924000 | 494y2zz 4649vlw
. 67 66 [ 64
Line 3 2 1 0 8000700 | 445609x . 42462x2z
63 62 6l 60
4052271 | 3232224 3y40395
59 50 57 56
-vx3yuvz 100000 us435z
55 54 53 52
vu3ww9x 3839vl15
50 L19) 49 46
3542v3x | v5372vw v2333xw
' 7 F3 45 44
20 Aé;:::i:?r OOOOjYO u4835z | 2x2xlxz | v1372xw uy30380
Interpretid 43 42 - 40. -
21 Command | Wd & Ch AA Rgister ux2x39v | zzzzzzz ’2v2vw2x P
; a1ry 39 38 37 36
22 Setter uu2vw9x | -u82z22ué | uB863628 | 242439z
33 34 33 32
23 -u83v095 | uy5z380 | 2326329
3 30 29 28
Tem dra Store 27 26 25 24
21 Stgnag:y Tally Command ~v1582vz | 9ylz09x | 1v32000 | 9vix3xw
Tally 23 2z 2l 20 7
22 3 19193vz | 982771w 1w00000 161709x
Lok 19 T 7 T3
23 Inpult 2035352 9518396 131331w 1123093
'] 14 13 12
| 220000 | z000000 | 8z1039v | zzzzzzz
I 10 03 L
i x0xw9x | 9v2209w vOv398.
‘o7 06 05 04
: 8814395 100000 x12v9x
03 02 o1 . [o0
850277 | 850609x
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13, MTA Service Routine

13,1 Specifications

ENTRY ¢

ERRCR STOPS:

SHORT LINE
STORAGE USED:

SUMMATION
CONSTANT:

REMARKS s

Command 081870 enters at loc. 18.70, MTA operations
enter at word 88, (At this entry, the MTA command
characteristic is formed and a dummy command is formed
in AR to exit to the different operations,) Operation
entries follow:

Write on Magnetic Tape Word 02
Read Magnetic Tape Word 01
Write File Number on Magnetic Tape Word 03
Reverse Magnetic Tape Word Ol
Search Magnetic Tape Word 05

Incorrect reading of a block of information will be
detected, Upon detection, the incorrectly read block
is reversed and read again. This procedure will repeat
until stopped by the operator, To regain control,
follow the instructions listed below:

(1) While tape is moving in the reverse direction,
place compute switch in BP position.

(2) Set compute switch to "Idle,"
(3) Vhen reading halts, with enable on, type "i%,

(L) Set compute to GO to execute the next Intercom
command, or to BP to return to mamual,

20.&, 21.02, 23o00"'03 .

Balancer in word u6 and check sum in word u7.

(1) A bvlock of information written by this subroutine
will have words u0 and ul destroyed, These loca-
tions are used for the storage of a balancer and
check sum,

(2) A channel of information will not be written on
tape correctly if words 00-03 are zero.

(3) Timing delay between operations is set at nine
drum revolutions.
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13,2 MTA Service Routine (Intercom 1000 D.P.)

FLOW CHART

81870
18°7OQ|/(09)

Set patch —d oo.héﬁ

68
Remove 00,46 patch
) 1 :
18.71

‘ e
|Line 19 (38)—{Line o;l

19,34
N.C. 00,01

00.01 &

Exit

é/B command conv, >
00,46

N .C. OL.88

8

Convert C form

OP digit

|

Enter “Search” Enter "Read®
"0l

05 Set 8 =1

61

s =2

1Clear 19 Read

—

Reverse Search

] EntLr
Enter ®write® *urite file"

02 03

Tine CH—DL, 19| [Form file; fil

Enter Reverse

L

- 16 Yes
(File (cm':i) - @ad correctly? )_
fNo ° 2 N Store input
Y
b@;le too large? ) L@ile block? )
59 ]f“
Search forward |Neo
T | Set 8 = 2
av i
Reverse read
6)
SOMAO




Y

Los Angelos 45, Callfornin 1 7
Page __ of
— 6-150D Prepared by  D. Hassell Date:_18/00 ™
PROGRAM PROBLEM : MIA Service Routine  (INTERCOM 1000 D.P.) Ling _rt/0Y
L [P TeTn]e[s[ofe NOTES
ENTER AFTER EXECUTION OF "081870"
0] lsl2solrolz8] | (19.24) = paten o ———p aR
14 88(88|h4]21]31
25 L6]71{0{28]00 (AR) = patch ——{> 00.46
71 lu 721 73(0]0L4|18 Line Interchange
| T3 T5172]0{29} 31 Resef. Overflow
72 | u | 73| 34| 0{19|04} § Line Interchange
3k o1rfo1jof=21}31] { N.c. 00.01 ]
— ENTER TO EXECUTED "OP" CODE
- 88 u |5y 09 129 26 Clear PN
09 1 97 0/ 30{ 28 | ADDR————p AR
o7 93 o7 ol 28 21 (AR) = ADDR=—————{> 21.02
o7 26 93 0! 04 20!
26 00003y0
93 o o1 o 31 2d | OP——p AR
or| |uwjofqosed [uelo__o o R
ul 000u000
o5] buloddadsy | av<os ]
1o
931 {o8jor{1jok{30| { FOR: MPA J#{characteristic)
03 - f 0000400 |
- _ : - |
A Yic |
FORM ]
Be0 ] 99| [uyjusjrfosf2o] | u-2-lo———DaR ' | | | i

Page 9L of 101
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Les Angelos 45, California ‘
Page 2 of T

G-15D Propared by D, Hassell Date:
PROGRAM PROBLEM: MTA Service Routine  (INTERCOM 1000 D.P,) Line _28/04
L Pi;"ucs D [bP| | NOTES

u3l ol |13 [1 [26 Jo2 MTA # —P 22,00

13 0812910 124 |31 Shift ID = (CH).= Dest,

29

=
o

3510]29 [19 (0)—D19,

35 37137/0]31]31

ENTER FRCM Ol.33 BELOW

AR 39(52]C 113131 Read tape unit C NC 52 below.

ENTER "READ"

01 |w |61]18i4]21|31 Mark 61 N.C, Ol 18

18 | |10} 33}0j0L|28 Read command———{> AR

10 39} 52 0] 13] 31,

33 36 35] 0} 22| 29 Characteristic —2—{> AR

See 35 above

521 15U 55 00u28 | Read command-—=—=f>AR

- ‘

=4
b
.

N 8olsolol13lan

ss | lu8]s7]ol22 [2s] (delay) and MTA e Y\ S | -




-
FORM
1]
'o.-‘1o.
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Les Angeles 45, Calitorntis

Page 3. o1 1
G-15D Propared by _ D, Hassell Date:
PROGRAM PROBLEM : _MTA Service Routine (INTERCGM 1000 D,P,) Line _ZB/0OL
[C TP ToTn]e]s |opr NOTES |
57 u? |70 {31 |31
u? 60 |60
AR 8080 [c [13 [31
EY O+&8
AR | u[wpn|88{0[19 {CH Store input N.C. OlL.68 See_page 5
60 | wih7/00}kl2031 Return to mark > 47
ENTER "READ" (CONT,)
61 61]61]0]28 31 Wait for ready
62 w|20{1]19|28] |Y ——PDAR
20 |u |21]21(3]19[29] |37 19—=p
21| |uo[232johl27] | R =0l (Oh.hO}——DIR _
Lo | u [20]88]0 i9 .0'0 | Dummy store com.
| -0
23 21| 41 2| 25] 29 Destination ———te> AR
| L1 116 57} 0] 30 29 wd —t—> AR N.C. 0Le57 above
£0
| 2L [ u po | 7 0 20{27 File block ]
_. = ;
7h | w |01} 82 h,21'31 | Set to read next block after delay
| | NO
75 | w 7 |82]L]21] 31 Set to raverss after delay
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Los Angolos 45, Californie poge b ot 1
G-15D Propared by _ D, Hassell Date:
PROGRAM PROBLEM : _MTA Service Routine (INTERCQM 1000 D.P.) Line 18/04
L.P"'L“Ncsor NOTES
ENTER TO DELAY
02 81[u50[01[01] ] delay 1 drum rev,
wS | by falofonlon]| | delay 2 drum rev,
uly u2 |u2 [0 |06 {06 delay 2 drum rev,
u2 u0 ju0 0 08 [08 delay 2 drun rev,
u0 u2 16010 (09 |09 delay 2 drum rev,
Return to mark.
ENTER AFTER INVALID "READ" -
J? w |3711914121 31 Mark 37 to stop on B.P. otherwise mark return to 00.
19 31]55/0]0k {28
31 57{58/0{0k4|31
| 1‘ Move off file code
AR 57{58{C|0L|31
38 | w |0o] 350} 60|31}
AR | 57| 58] ¢f 04| 34 Reverse tape motion
58 601 60} 0} 12| 31, sets up to read in reverse direction
RETURN TO MARK |
ENTER HERE AFTER INVALID READ REVERSE
00 0000 P P8 {31 .Wait for ready then began re~read.
ol ———— _
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Los Angeles 45, Calltornls

Poge 2. ot L
G-15D Prepared by __ D, Hassell Dale:
PROGRAM PROBLEM :. MTA Service Routine  (INTERCCM 1000 D.P.) Lise _28/0L
FLIPl*Nlc|s]|opr NOTES
| N :
ENTER "WRITE™

02 oly |55 [0 ol {28 Dummy forward search———{>AR

Sl 59163 [0 105 |31

u3
AR 59163 (C 105 {31 Skip first fils code

43 | w]00|85]0]00|32 Set ready.
8s 36139 [0 |ol |28 Dummy 1line pickup —={>AR
36 | uj20{52(0 0019
39 | [u2|s7{0fe1]29]| | ADDR —2=={>AR
20432
AR | ujwd {52 ]0[CH|19 CHo00=Hd ——aef» 19
32 | |u0i76|5[29]19 0 ——={> 19,u0,ul
16 7879]1]2928 0 ——{>AR
| 79 | ujB0[80[119/29] |3 19-—*-PAR
80| Jul69]1/28]19] |3 19——Pl9eul
69 70[81]1]28/28)
81 82 85 3 ?8 28| ¢| Balancer ——={>19,u0
83 | luofu]1]28]19]-
8l 86]33/0/{0L4|28 form write command
86 |w {00! 67 0‘ 0131
AR 00] 67]C{01] 31 write 19 on tape
o] |6l61l0]28]3
684 u | 69{ 11} 0 18] 19 Line IB(Oh)‘-*—'Dl'9

11 12| 25} of o4] 28 Patch #2 ==s=el> AR
| 121 147 L8 21 31 26 Pateh #2

, NC 04,25  page L .
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1 Los Awgoles 43, Cnlltornle

Page 6 o1 L

- ! G-15D Propared by _Du Hessell Date:
PROGRAM PROBLEM : _MIA Service Routins (INTERCCH 1000 D.P,) Line 28/04
[ CTPTTN]e]s o] NOTES
ENTER "WRITE FILEM
03 28 {33 |0 jols 128 Read sommand ——> AR
I 28 7151013]31
Irxm 57(511C 1331 Move off stop code
51 |w [00{56/0/00(31] | Set ready
56 | 11513310 0!;18 Write f£116 0OMemmmmmel> AR
15 | [Whh6]ol30 3
| AR | b b6 lo l30[31| | write £11e
'Jb 50 (900 [21 |28 Add (f£i%e #)=——-D AR
,, 90 |u [00]32|028/19| | #0===P19 91-00
~ NoOs Olie32 page 5
RENTERL REVERSEM
ol {w 47 [19]4]21|33] | Mark 67 N.Ce Okl yeverse
ENTER SEARCH
05 05[0510/28 |31 Wait for ready
| 06 96/33/0/0428 Reverse search——={AR
96 | [59/63]0|0k|31
AR g9l 63/clol31 Reverse search
63| 163163/0/28]3
| 6l |w [53]82]4]21!3) Mark to delay routine
I 531w [Lo]28f 4] 2131 _Marie transfer to read routine
O X2 'h9l M 012631 | Wait for ready
FORM Pile 4——P 10,
mLR Shift 11 bits




Page 100 of 101

“‘f‘ Los Angelos 48, Callfornie pege 1o 1
G-15D Prepared by ___ D, Hassell Date:
PROGRAM PROBLEM : MTA Service Routine  (INTERCCM 1000 D.P.) Line _18/04
rl. P LT e s [opr NOTES
92 03 [17 |0 19 |28 Tape £116-———={t> AR
| 17 20122 |0 )28 [26 Taps £11e ——{> PNO
22 12512711126 |28 0 wmemmeemt> AR
27 |u 164 (66152630 Shift
1 66 [u |69/78]1[25(29| | File - _pAR
78 |w |81]26]3[26/29 Taps fils —2—55 AR
16 171k7|0 (2827 AR =0
(Correct file?)
L 4? L48]617{0]00]00 Delay and exit
1,8 Lhihli0]21{31 Taps file to large?
Ll | w [59]82{L]21]31 N.C. delay routine
‘ Search forward
99 ol 33| 0] ol 28 Search forward ——— AR
|_AR $9l 63) ¢| 03] 3 N.Ce 63 page 6
1| w87 82/ 1f 21 31 | Mark 87 go to delay
30 Empty
81 89{ 33| 0} Oly 28
89 59/ 05 0 04 3
IR | 5ot 05] Cf OLif 31 Search reverse
N.C. reverse again
| 371 [énsriolazjaz] | B.P, Exit
ub _ 1 ] Balancer _
(Y | Z 1002189 , .




h Prepared by

pon Hassell,

MEMORY ALLOCATION CHART

AIntercom 1000 (D.P.)

Page 101 of 101

Page 1. of __1

MTA Subroutime,

Problen {

Cheok Sum

.1003189

u7
1003189

ue
2677544

us
y868084

v4
y6660wb

T3
840x756

U2
y464108

vl
u000

vo
y63wl29

99
y56749x

96
885v49y

97
6307395

96
3v3z2092 _

9%
62622x2

94
3v3iz0ve

93
xz5v3zv

82
831127w

91
y55zw9x

90
20393

89
3v0509z

88
33097vu

87
%x92109%w

86
804303z

85
ub2709w

64
x62109w

83
y454793 |

62 A
x169021

8i
5353z9w

80
y545793

505067x

78

5110z5x

77
«u5132vz

76
wybzlvw

75
~wx522vz

74
-81522vz

73
4v483vz

T2
4922264

Four-Word Lines

Line

3

m

4849092

70
8y1927w

69
475179w

68
450v253

34
$343392

66
454y73x

68
165w75z

64
~v5522vz

™

6
3232392

62
y51467w

1)
3x3x39z

60
~uz00292

59
xy2109w

58
3wvwl9z

5
6vov3izz

56
822109w

55
- v0392xx

b4
50501vz

53
-v1ll22vz

52
v63709w

1B
803801z

50
=v641uv9

49
3131392

49 )
2w2w2xz

3143000

48
v25u2vw

7]
~x7522vz

44
“yv522vz

43—
805501z

42
uy352vw

Ty
uy393xx

40
1458260

39
uu392vx

k1)
802301z

3T
w243231

36
1434013

5
25253z2

T4
1012vz

33
ub232xx

32
~yb4wiv3

31
393u092

30
ulé43000

29
1y233v3

28
39331vz

2t
404275y

26
3y0

28
uy47380

74
4u2lv

23
9529v3x

22
991v75w

214
u8l789v

20
1515y7x

i9
92z3709%w

1]
8u2l09w

¥4
94163%u

16
1222z39v

3

1]
2w2y3xz

14
 «58582ve

13
81x31z

12
uzd0vzw

i
x1909w

10
27341vz

0%
Bv613xw

08
400

07
9u5x094

06
y02109w

0% ’
- 50539z

(Y S
«w3132v

(3
9w2109w

{+} :
xy3709w

i v
wvxl22vz

T
39z

R

Date ﬁﬁl[éga

Line 18.



