TIE BENDIX CORPORATION COMPUTER DIVISION
5630 Arbor Vitae Street, Ios Angeles 45, California

TECHNICAL APPLICATIONS MEMORANDA

1 December 1959



* NO.

14

17

18

19

TECHNICAL APPLICATIONS MEMORANDA

TITLE

Manual Methods for Converting
(+~15 Commands and Numbers in
Decimal and Sexadecimal repre-
scntation

Procedure to be followed when
Issuing a Subroutine

Procedure to be Followed when
issuing the description of a
Project

Notes on "Seleet Command Iine
and Return” - Ly N C 20 31

Precautionary Stop DA-1 Command
for all G-15D Loaders

Comparison of Programming -
DA-1 and G-15

INTERCOM Timing (101)

Cornu Spiral Plot

Condensed Format Tape Duplicator
(Self-Loading)

DA-1 Timing and Control

Flow Charting Routine

1 December 1959

PURPOSE

To aid the operator in direct
communication with the computer

To standardize the form of a
subroutine and to ensure that
complete information is made
available to all concerned

To scrve a recommended guide for
writing descriptive information on

programs

To clarify the use of Iy N C 20 31

To Assure the operator that the DA-1
Accessory is not operative during
normal G-15 computation

To illustrate different methods of
programming the same problem using
the DA-1 and the G-15

To provide information on INTLRCOM
Timing

DA-1 - Plotter Demonstration

To provide preliminary information

on & service routine
Functional Explanation of DA-1l

To provide a neat system of listing
the flow of a routine
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NO.,

23

2ka

24A

a5

23

30

32

33

39

39

Lo

TITLE

Combined G-15D/DA-1 Computations

Using DAPPER-1

Intercom 1000 (2LA)

Supplement 1

Intercom 1000

Flow Diagramming for the G-15D
Computer

DAPPER 1-A

Programming and Operational

Di.fferences between the G-15A
and G-15D

Changes in G-15 Logic - Shift
Command

Fixed Point, Double Precision
Subroutines

Programming Output to Punched
Tape

Precession of Line 19

Supplement 1

®Block" Precession of Line 19

The use of the Metalized Version

of Mylar Tape

-2 - 1 December 1959

PURPOSE

To describe procedures for employing

G-15D machine language program with
DAPPER-1 for combined G-15D/DA-1
computations

Superseded by Intercom 1000, however,
can be used for routines developed
under this system.

Listing of cubroutines and additional
information to 2hA

To introducce the Bendix Template and
to indicate some rules to follow when
us’.ng the template

Desceription of revision to DAPPER-1

To summarize the differences between
the two G-15 models for the benefit of
the user of one machinge who receives
programs written for tme other, or for
the G-15A user who contemplates the
acquisition of a G=-15D

To provide for more flexibility in
programming

To provide preliminary information on
Double Precision, fixed Point Sub-
routines

To provide information concerring
formats and timing on programs for
punching leader and data on tape

A method for programming a four-word
precession in line 19

(1) To precess faster than normal
precession speeds

(2) To permit calculation during
precession

To prevent accidents
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NO. TITLE
Ll Special Version of the "Select

Command Line and Return to

Mark Place" Command (Lx N C 20 31)

L1 Supplement 1

L2

. L5

L6

L7

L8

L9

50
51

52

.Additional Uses of the "Select

Command Line and Return to Mark
Flace" Command (Lx N C 20 31)

Correction of an Error in the
Decimal to Binary Conversion in
the Standard Program Preparation
Routine

Miscellaneous Optional Modifi-
cations to the INTERCGM 1000
System

PA«2 Plotter Calibration Routine

Two-Word Registers

Machine Language Subroutine and
Regional Programming with POGO

Program DA-1 Halt when A
Variable becomes zero

Explanation due to Modification
Memo #7
Changes to PPR Lister

Intercom Description and
Addenda -

Changes to Intercom S. P.
Appendix I Loader

1 December 1959

PURPCSE

(1) To demonstrate the use of this

command as an automatic loop counter
(2) To demonstrate the use of this

command as a many-way switch

(1) To demonstrate the use of this
command as an automatic loop counter
(2) To demonstrate the use of this
command as a many-way switch

To avoid loss of information in line
03, us and u5 when using a "v*
instruction

To provide advance preliminary infore
mation on optional changes that can
be made to the INTERCQM 1000 system

To provide an automatic means of
checking the plotter calibration

To specify conditions and describe
methods by which a correct use of
two-word registers may be made

To provide acdditional information on
the preparation of machine language
subroutines and to extend the scope
of programming with POGO by the use
of regional programming

To present a method of programming to
halt a DA-l either for typeout for
termination of a solution when any of
specified variables becomes zero

To provide information on changes in
operating and programming techniques
due to Modification Memo #7

Required modification to PPR

To clarify the differences between
existing Intercom.1000 D tapes

To improve the performance of the
automatic rewind feature of the
Appendix I package

# Technical Applications Memorandums not listed are obsolete.



TEGHNICAL APPLICATIONS MEMORANDUM NO. 1

9 April 1957

Title:. Manual Methods for Converting G-15 Commands and Numbers in Decimal
and Sexadecimal representation.

Purpose: To aid the operator in direct communication with the Computer.

Equipment affected: G-15 A and D
Effective Date: 9 April 1957

Instructions

In order to properly understand the command structure of the G-15,
it is advantageous to understand thoroughly the structure of commands and nunbers
within the ocomputer.

A1l commands or numbers within the computer are expressed in binary
form. However, all communication with the 'computer is expressed in sexadecimal numbers.

, Since sexadecimal numbers are somewhat cumbersome to handle, the
Progtam Preparation Routine has been created to provide a more rapid and convenient
means of communicating with the computer. However, this routine does not completely
relieve the programmer or computer operator of the responsibility of learning the
details of the sexadecimal number system. Many situations will arise in which the
programmer or operatar may want to communicate directly with the computer. Without
the use of conversion routines, input and output will be in the sexadecimal system.
Therefore, it is necessary that the programmer understand and be the master of the
sexadecimal number system.

Table VII of the Coding Manual denotes the relation of the decimal,
sexadecimal, and binary number systems. This table will be beneficlal in order to
completely understand the conversion procedures explained below.
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1) To conyert a decimal command (T N C S D) to a sexadecimal
number~ (.= dy dp . o « o d7), proceed as followa:

Let Q = quotient and R = remainder

The P— - #ﬁ d =
n % %% 1" h

S

- - d =

- Q2 + %Z_ A 2R2 + Ql
ife <k és-hc*Qz
ifo > i ds' ® L(C-4)+Q, and make result negative [D]
N R
—_— Q 0_2 -
% 3 1% M
if no BP d3 - Q3
if BP d =
5 Q3 +8 [A]

T Ry
_— .. d =
% b1 2" H*
if Prefix = u, or no prefix and D = 31 dl - Qh
if Prefix = w, or no prefix and D # 31 dy = Q, + 8 [B]

# Exception:

When T = L + 1 (one larger than its location),
D # 31 and Prefix ¥ u:
if ¢ <L, add one to d, (c]
if ¢ 2> L, and T is even, add 2 to &, [p]

if ¢ 2L, and T is odd, add one to d2
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Example:
S D
11 12 is to be located in 00.00

Decimal Command u Q1 02

L]
(=]
+
|

16 d7-12-w
d6-2(3)00-6
ds-h(o)-rl-l

BIS =k RIS
ho

=0+ —fz dh -2
a., 0+ _1.. d =1
16 16 2
dl =0
Converted command = 010216w
Additional Examples:
L llp |t | x| c!| s | p|sp| Somerted

A 00 u o1 02 0 1 12 | - 018216w
B 00 05| c6| o n| 12 850616w
c | oo oL| 02| o| 1| 12| | 020216w
D 01 02| O4| L n| 12 -0l 0L 16w

2) To Convert a sexadecimal number (djdp « « « » d7) to a
decimal command, proceed as followss

d

% R

2- "‘2 D'].6R6¢d7
d ,

....2: -.:n;s- 9

L QS*& s BRS+Q6
‘1f(d1d2....d7)>q c-Q5

1f (d} dpe o o » d9) <O C=Q+l [c]
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ifd3.<_6 ' N =16d; +d and there is no BP
if d3 >6 N = 16.(d3-8)+dh and cormand contains BP [A]
ifd, &7 T = 16 dy+d, and command is immediate

if D = 31, no Prefix
£DF 31, Prefix = u #

i£d4,>7 T= 16(d1-8)+d2 and command is deferred
if D ¥ 31, no Prefix (2]
if D= 31, Prefix = w

#+ Exception:

When D # 31 and command is immediate

if c <L and T = L + 2, subtract one from T
if ¢ 2L, L is odd and T=L+3, subtract 2 from T [c]
if ¢> L, L is even and T=L+2, subtract one from T

Example:
Location 00 contains 0202169
6 -. 0 - . -
2 3 r D= 1560 4+ 9 =09
1 - _1_' - [ ) -
]4_ O + L S 8:1 + 3= 11

C=0
N = 1630 + 2 = 02
T= 180 ¢+ 2 = 02

S8ince T= L + 2, D ¥ 31 and 6 < L,
Tal=02=-1=01

Decimal Command = O1 02 O 11 09

Additional Examples:
axadecimal P 7

=
a
[7/]
o

L _ Number
A | oo || o18226w w | o1 o) o | 1|1
B | oo || 850616w 5 | 06| 0 | 1|1
c 0l || -0LOL16w 02 | o4 | b 1|12




9 April 1957

U
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MEMORANDUM NO. 1 -

3) To convert a decimal number (Dl Dy oo Dk) to a
sexadecimal number (dl dy o oo d), proceed as follows:

‘a) Decimal Integer (Dy Dp « & « D) =N

%'%’% 4 =R
Where Q 416 Q];znc;o-é di-Rj.
Examplet 32580 = N
-’lfg-aoam‘]‘—g a =l
20% , 127 +%ﬁ; dk -1 =l
%’--w% 4 =t
% "°*% 4 -1

Sexadecimal integer = Tzhh

b) Decimal Fraction (Dl D2 e & o o Dk)

Let I = integral part of product
£ = fractional part of product

(DIDZ""Dk).m.Il"f]_ d],-Il

fi VeI + 0 d=Ip
fgr16=1y+ 15 b1
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Summarizing this procedure, the fraction is multiplled by
sixteen (16). Should the product of this multiplication

be greater than one, cl1 = I.. If the product is less than
one, = 0. The fractio portion of the product is
multiplied by sixteen (16) and the product is used to arrive
at d, in the same way as dl is found above. This procedure
can be repeated to compute the deaired number of digits.

Examples Fraction = ,4235

ol235 x 16 = 6 + 7760 dj =6
o776 x 16 =12 + 16 d, = w
B16 x 16 = € + 4656 d; =6
656 x 16 ~10 + 496 d =u
U9 x 16 = T + ,936 dg = 7
¢936 x 16 1 + 976 dg = y
976 x 16 =15 + 616 d,, -g

Sexadecimal fraction = 6wbulyz

L) To convert a sexadecimal number (dl 4. ... %) to a
decimal number (Dl Dy oo o Dk), proceed as followss:

a) Sexadecimal integer (d; d, « + « o &)

4+ WP
(P1’+d2)°1‘6‘P2
(P2+d3)~16-'?3

(Bep* ) " W=F
Pk_lodk-Pk-deciml integer
Examples

Convert, izSy9 to decimal

116 =16

(16 + 15) * 16 = 1,96

(L96 + 5) + 16 = 8016

(8016 + 1) - 16 = 128480 -

128480 + 9 = 128489 = decimal integer



MEMORANDUM NO. 1 -7- 9 April 1957

b) Sexadecimal fraction (d) dy + « « dk)

4 +Q .3
16

- Qk = Decimal fraction
Example:

Convert .9x7u to decimal (7 places)

20 . 625

16

7.625

12.4,765625 . *
24T - _8li228516
9.84228516 _ ¢7c-
2-B2ZEB - 6151282

Decimal Fraction = 615128

# Round to one more place than desired
in converted number.

No%e“ that multiplying by .0625 is equivalent to dividing by 16.

Action By: All personnel conterned

Referencess G-15 A and D Coding Manuals

Remarks: None

Prepared bys - D. E. nassell .émy y /\Aa«— Sl
Approved By: T. Yamashita ~ i oo LA



TECHNICAL APPLICATIONS MEMORANDUM NO. 2

1 December 1959

TITLE: Procedure to be followed when Issuing a Subroutine

PURPCSE: To standardize the form of a subroutine and to ensure that complete
information is made available to all concerned

BEQUIPMENT AFFECTED: All
EFFECTIVE DATE: 1 December 1959

INSTRUCTION:

A subroutine shall consist of the following parts - each part being
presented on a separate sheet: .

1. Detailed description

2. Specification sheet

3. Check sums

L, Method sheet (if applicable)
5. Flow Chart

6. Memory Allocation Sheet

7. Coding sheets

The method of preparation of each of the above items shall be ags follows:

1, Detailed Description: Each description shall begin with the
standard heading, which will include the title of a subroutine
and the mumber. (The number will be allocated by the Applica-
tions Section.) It will also include the page number, the date,
the line number, and by whom it was prepared and approved,

Tt should then be followed by stating the nature of the sub-
routine, its purpose, its limitations, etc,. Should there be any
doubt in its execution, a simple example of its particular appli-
cation should be given.

It may happen that the subroutine must operate in conjunction with
some other subroutines. This must then be specifically stated and
the storage locations of supplementary subroutines be given.
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2,

3e

'

5.

6.

7.

If the subroutine is based on a mathematical formula or method,
reference to the method sheet should be made,

Service Routines should also include information on the input
format, output format, punched tape input, punched tape output

magnetic tape (if applicable), etc. :

Specification Sheet: The specification sheet shall be of a
standard form as shown in Appendix "A" of this memorandum.

Check Sums: A set of hexadecimal check sums should be listed
with proper notation of each, i.e., loader, line 1, line L, etc.

Method Sheet: Whenever applicable, the method sheet should be
attached to the subroutine. Inasmuch as it is difficult to
standardize its form, the minimum information should include:

a. Statement of mathematical formulae

be Approximating polynomial and the number of terms

¢. List of coefficients in decimal and sexadecimal notation
de Error Term (and therefore the accuracy expected)

e. Computational method and rearrangement of terms (if any)
e References

ge HRemarks

Flow Chart: Pending the issue of the Bendix Computer Template, the
symbols recommended by the Users'! Conference should be followed.
The complete method of flow charting will be outlined in the forth-
coming Technical Applications Memorandum on the subject.

Memory Allocation Work Sheet: The Memory Allocation Work Sheet

was recently introduced as a supplement to coding sheets. In the
light of recent recommendations at the Users' Conference, t he general
form of the work sheet will be somewhat modified and the ccmplste
description issued in the forthcoming Technical Applications Memo-
randum on the subject.

Coding Sheets: Coding sheets should be completed in the usual
manner, tut the following conventions were found to be helpful:

a, Constants

Memory location only should be entered in the space
provided for commands., The space itself should be
enclosed by two vertical lines followed by a sexa-
decimal type-out of a constant in the "Notes"™ column.
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b, Command Constants

Command constants should be entered in the space pro-
vided. The space itself should be enclosed by two
vertical lines,

ce Variable Commands

Variable commands should be entered in the usual manner
and should be enclosed by symbolic representation of
- two acute angles,

For the illustration of the above conventions see Appendix "B".
ACTION BY: All personnel concerned
REFERENCES: Users' Conference Proceedings

REMARKS: None

PREPARED BY: Z. Jelinski
CHECKED BY:
APPROVED BY: T. Yamashita

ZJ:TY:gm



MEMORANDUM NO. 2

TYPE:

EQUIPMENT AFFECTED:
MODE OF OPERATION:

EXECUTION:

ENTRY:

SCALING:

DATA INPUT:

DATA OUTPUT:

EXECUTION TIME:

ERROR STOPS:

ALL STORAGE LINES USED3

SUMMATION CONSTANT:

REMARKS s

« SAMPLE- APPENDIX "A"

SPECIFICATIONS

Explanation of Terms

State whether subroutine, service routine,
sorting routine, etc.

State whether G-154, G-15D, DA-1, etc.
State whether (Fixed point - single precision,
double precision
Floating point - single precision,
double precision

State command line from which it 18 to be
executed

State entry conditions, i.e., memory location
and return command location

State binary scalipg complete
State relevant memory locations
State relevant memory locations

State time for one iteration

State long and short lines used for temporary
storage

State short lines available for use

State memory location and the summation constant



FORM
".-soo

G-15D
PROGRAM PROBLEM:

- SAMPLE -

MEMOR: DUM NC. 2

APPENDIX "B"

Prepared by

% Los Angeles 45, California

Page ____ of ___
Date:

Line

c

)

BP

NOTES

12 3 W B

5 17 18 18§

.l

= -2222222 Extractor

20 21 2 23

24 25 2 21§76

7

21

31

Command Constant

28 29 30 3

2 33 M4 3|10

35

02

28

Variable Command

I 3 3B 39

0 0 2 8

4 45 46 4

48 49 50 1

52 53 S4¢ 55

56 §7 58 59

60 61 62 63

B4 65 68 67

68 69 70 M

1’ MmN

% 17 18 18

80 81 82 83

84 85 86 8

88 89 90 91

82 93 94 8

% 97 88 99

uw w w2 uwl

u4 U5 Ub




TECHNICAL APPLICATIONS MEMORANDUM NO. 3

1 December 1959

TITLE: Procedure to be Followed When Issuing the Description of a Project

PURPOSE: To serve as a recommended guide for writing descriptive information
on programs

BQUIPMENT AFFECTED: All
EFFECTIVE DATZ: 1 December 1959

INSTRUCTION:

I. All complctcd programs shall be issued under a project number
assigned by thc Applications Scction. In general the following
categorics of projeucts shall be used:

1o Demonstration: These are projects specifically designed to
demonstrate the computer and shall be absolutely contained in
themselves, namcly input data specifically "tailored”" to suit
the project will be treated as the integral part of the project.

2. General: This group of projects will encompass &ll problems
designed for a specialized field which would not be adaptable
to any other fields If mathematical representation is used,
this would usually consist of one or more specific equations,
but their solution would not necessarily lend itself to be
generalized,

II. Bendix Computer Users' Exchange Organization

This memorandum can be used by the users as a guide when contributing
a program to the Exchange Library. For the category assignment, refer
to the Administrative Codes and the By-Laws of the G-15 Users' Exchange
Organization. ‘
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III. Preparation of the Project
A complete project will consist of the following parts:

1. Front page

2. Table of Contents
3. Check sums

4, Part I, Introduction
S« Part II, Problem Statement

6. Part III, Computational Approach

T. Part IV, Operating Instructions

8. Part V, Flow Charts and Coding Sheets
9. Part VI, References
10. Part VII, Sample Numerical Input or Output Data
ll. One page.abstract of the program

The front page shall consist of:

l. Heading
2. Title - a complete title of the proj ct should be given
3. Type - type of project should be given, e. g., General
L, Category
. iquipment Affected, e. g., G-15D, CA-2
Subroutines Used
Prepared by

8. Checked by

9. Approved by
10, Date
11l. Revision (if any)

-1 O\\n
.

For the layout of this page, see Appendix "A".
For the Table of Contents, see Appendix "B".

Check Sums: A set of hexadecimal check sums should be listed with
proper notation of each, i.e., loader, line 1, line 4, etc.

Introduction: A short outline of the problem, including the purpose,
acknowledgments, circumstances leading to its inception, etc., should
be here stated.

A detailed Problem Statement should be outlined. This should follow
by mathematical formulae (if any), equations to be solved, parameters
used and their limitations.
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Next, the approximation polynomial should be stated, including the list
of coefficients, the number of terns used, the error term and therefore,
the accuracy expected within specified significant digits. Reference
should be made to sources of obtaining the approximating polynomial,

Computational Approach:

Rearrangement of terms of the polynomial (if any) for computational
ease should be stated and this should be followed by a step~by-step

description. :

At this stage, if practicable, a sample solution should be given,
Scaling or information on Floating Point, Single or Doubla Precision,
Memory Utilization, i.e., the total number of lines used for program
and constants should be contained in this section,

Qgerating Instructions:

This section should contain:

1. Starting the Problem - instructions regarding punched
tape magazines, typewriter operation, magnetic tape
operating (if applicable), DA-1, AN-1, CA-l, etc.

2., Input Instructions - type-in instructions, including format,
number of digits, etc,

3. Output Instructions - including format with headings,
subheadings, abbreviations, etc.

k. Execution Time - for one iteration, for the complete
problem separating input and output operating from the
actual time of computation.

5. Error Stops - including procedure to continue the problem
after an error stop.

Flow Charts and Coding Sheets (self explanatory)

References: All references made should be listed.

Numerical Data: All projects should list:

1, Sample Input Data
2, Sample Output Data
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Abstract of & Prolgect - should contain enough informstion to deter-
mine the main problem solved and the program limitations.

ACTION BY: All personnel concerned

REFERENCES: Administrative Code of the G-15 Users' Exchange Organization
By-Laws of the G-15 Users' Exchange Organization

REMARKB: This memorandum supersedes Technical Applications Memorandum
No. 3 dated 11 April 1957 and No. 3A dated 9 May 1958.

PREPARED BY: T. A. Blanke
CHECKED BY:
APPROVED BY: T. Yamashita



" MEMORANDUM NO. 3 - SAMPLE - APPENDIX "A"

BENDIX COMPUTER DIVISION OF BENDIX AVIATION CORPORATION
5630 Arbor Vitae Street, Los Angeles U5, California

APPLICATIONS SECTION

ProJject No.

TITLE:

TYPE:

CATEGORY:

BQUIPMENT AFFECTED:

SUBROUTINES USED:
PREPARED BY:
CHECKED BY:
APPROVED BY:

DATE: Revision:
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Project No,

TABLE OF CONTENTS

Part I Check Sums

‘Part 11 Introduction

Part III Problem Statement
1. Problem description
2, Mathematical formulae

. Approximating polynomial
. Brror term, Accuracy

¥

Part IV Computational Approach

l. Rearrangment of terms

2. Step-by-Step description
3. Sample solution

L, Memory utilization

S5 Scaling

Part Vv - Operating Instructions

1. Starting the problem

2. Input Instructions

3. Output Instructions

4, Execution time

5. Error stops
Part VI Flow Charts and Coding Sheets
Part VII References

Part VIII Numerical Datea

Part IX One Page Abstract
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= SAMPLE =
Check Sums
«0000000 Loader
-+ 2yx0yub Line 15
s oXu0U V60 Line 13
=y9055x3 Line 12
-0771«111)-“]8 Line 11
=g vx26857 Line 10
oVJCZSléX Line 09
oluw3zz2? Line 08 .
«,765820u Line 07
- W2 véx3u Line 06
- Juyu2y3v Line O4
- y17y2uw9 Line 03
.32}'7790 Line 02
~ .10w0985  Line Ol
-.0x74923  Line 00

APPENDIX ®C®



TECHNICAL APPLICATIONS MEMORANDUM NO, L
11 April 1957

TITLE: Notes on "Select Command Line and Return" - L, N C 20 31
PURPOSE: To clarify the use of Lk N C 20 31 command

EQUIPMENT AFFECTED: G-15D

EFFECTIVE DATE: 11 April 1957

INSTRUCTION:

Generally, thia command is used as a subroutine exit command, the next command
being taken from word T (T having been specified by a previous "Mark" command)
of Line C. When so used, the command is written:

L2 Ll C 20 3

In special applications it may be desired to take the next command from word N
of Line C, rather than the "Marked" T. In this case the command would be

&
I,kNCQO 3 where Lké.- N&T

It should be noted that this command can not be used as a stopping place in
break point operation. Also, in single-cycle operation, this command and the
one following are executed. Further, in single-cycle operation, the special
application noted above fails, with the next command taken from the "Marked" T,

ACTION BY: All personnel concerned
REFERENCES: None
REMARKS : None

PREPARED BY: R, J. Margolin
APPROVED BY: T. Yamashita

RIM/TY/bg



TECHNICAL APPLICATIONS MEMORANDUM NO. 1l
23 April 1957
TITLE:s Precautionary Stop DA-l Command for all G~15D Loaders

PURPQSE: To assure the operator that the DA-l accessory is not operative during
normal G-15D computation

EQUIPMENT AFFECTED: All programs for G-15D equipment
EFFECTIVE DATE: 23 April 1957

INSTRUCTIONs The stop DA~l command is of the form
00 N 1 19 31 or
w u? N 1 19 131,
When the turn on cycle has been completed, there is a random possibility that the
DA-1 is in the ON condition. This prevents a portion of the 0=15D memory from
operating for O-15D computing. Insertion of either of the above commands assures
that the DA-1 is OFF and that normal computation may proceed. The stop DA-l

cormand must be active during word u7. It is imperative that this command be
included in all loaders whether DA-1 is part of an installation or not.

ACTION BY: All personnel concerned

REFERENCES:  0-15D Coding Manual
DA-1 Operating Instructions

REMARKS: Nome
PREPARED BY: C, W. Armatrong

APPROVED BYs T, Yamashita



TECHNICAL APPLICATIONS MEMORANDUM NO. 17

2l May 1957

TITLE: Compariaon of Programming = DA-1 and G-15

PURPOSE:s To illustrate different methods of progremming the same problem
using DA-1 and G-15

EQUIPMENT AFFECTED: DA-1 and G-15
EFFECTIVE DATE: 2L May 1957

INSTRUCTION:

Probably the greatest advantage of the DA-1 in this example is
the comparative ease of programming, This advantage carries over in most cases,
The time necessary for solution on a general purpose computer depends not only on
the precision required, but also on the method employed and the camplexity of the
problem, On the other hand, all 108 integraters are iterated on each drum revol-
ution in the DA-1 so that an increase in complexity of the problem does not
necessarily mean more time is required for solution. The interval length (and
hence the mumber of steps) is, on both types of machines, a function of the
precision requirements. While & sophisticated integration technique on a general
precision computer will permit the use of fewer steps, each step will require
more computation time (how much more depends onm the problem) than » step on a DA-l.

The combination of & general purpose compuber and a DA-1 should
prove to be very powerfuls, For example, programmed modification of boundary
values is possible, aleo, the full input-cutput facilities of the general purpose

machine are available to the DA-l.
For illustration ses Apendices "A" and "B"o
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ACTION BY: All personnel concerned
REFERENCES:  None

REMARKS: None

PREPARED BY: D, Stein | )(,QA N S}om

APPROVED BY: To Yamashita \/ Oe (B A
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Consider the equation y' = Sin x + Sin y.

Solution of this equation on the G-15D - DA-1 combination involves
the use of 6 integrators connected as belows:

y'
dx dy
Cos x 1 Cos y 1
d (cos x) d(Cos y
dx .- dy
Sin X }w _1 Sin y »-{ 1 !_,I
/T . . |

y'=Sinx + Siny
d(y') = d (Sin x) + d (Sirt y)



The same problem could be solved on a General Purpose cmputer

g YION3ddvV

in any one of a mumber of ways. The following is per:r:=s =
representative: g
C mput | é
ompute Compute Campute =
Set h, N Connuve ‘O o ‘xnd,, o o —(2 g
’ Sin Yo 3in yn) kl = Sin xn*S:Ln yn Sin (yn’h.kl) - :
L ,
Campute | i Compute Vel Output
et i [ ] T 0
, Yn+1 -———¥n
<

y' = Sinx # Siny
Use Simplified Runge-Kutta Method:

Tpe1 Vo' ik, | votn?)

Where: k,=Sin x; + Sin yp; kp=Sin X ,q+Sin(y,*hk, )



TEOHNICAL APPLICATIONS MEMORANDUM NO. 18

6 June 1957

TITLE; INTERCOM Timing (101)

PURPOSE: To provide information on INTERCOM Timing
EQUIPMENT AFFECTED: Not Applioable
EFFECTIVE DATE: 6 Juno 1957

INSTRUGCTIONs

The following timing considoration when using INTERCOM was

gubmitted by Dr. D, Peaceman of Humble 0il Company. It 1s

suggested that all (0-15 users study these considerations to
minimize computing time when coding in INTERCOM,

Computing time is minimized if orders are ntored in looations
000 %o 247 (inolusive), and if numbers are stored in the
locations given in the following table (note that the optimum
addresses vary somewhat for the dlfferent orders)s

ORDER ADDRESS

Lv  (Clear and Add) 408 ~ 599
49 (Clear and Subtract) 408 - 583
5v  (Add) LO8 - 727
59  (Subtract) 508 ~ 711
67  (Multiply) 408 ~ 623
be  (Divide) 108 = 631
5x (Store) L72 - 695
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-2 - 6 June 1957

Whenever incorvenient, these restrictions may be violated
without causing errors in computations.

The time of execution of the various commands is always
an integral number of machine cycles, where each machine
cycle is approximately 29 milliseconds, When the above
restrictions are obeyed, the STORE (5x) command takes
one cycle; all the others listed above take two cycles.
Violation of the restrictions given above each adds one
cycle to all of these commands; the use of address mod-
ification by an index register adds an additional cycle.

Example: CA, Lv5230 takes two cycles,
Lv5002 takes three cycles,
L4v7003 takes four cycles.

The time of execution of other orders, if they are located
within 000 to 247 (inclusive), are as follows:

ORDER NO. OF CYCLES

13 (Absolute Value) 2

29 (Negate) ‘ ' 2

07 (Square Root) 6

11 (Ln) 11

16 (e*) | 12

Ll (Return to mark place) with abc=500 1

3x (Set B Register) 3

LO (Set D Register) 3

141 (Set L Register) 3

1y (Replace Index Register) 6

22 (Type the Stack)
If not

1z (Type and Tab) Output 10 - 11
limited

20 (Type and Carriage Return)
33 (Ring Bell) with abc=000 3
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The time of execution of transfer and conditional transfer orders
depends on the effective address, abc + B(k), of the order, whather
address modification is used, and whether the condition for transfer
is met, The table below indicates the optimum effective addresses
and the minimum execution time of the various transfer orders:

ORDER OPTIMUM_ADDRESS MIN, NO. OF
CYCLES
19 (Unconditional Transfér) 000 - 199 1
10 (Transfer if A Register=0) 000 = 127 1
Ov (Transfer if A Register <0) 000 - 087 1
43 (Mark place and transfbr) 000 - 864 2
65 (Increment B Register) 000 -~ 86k L
57 (Decrement B Register) 000 - 86l L

Failure to use an optimum address, use of address modification, and
failure of the condition for transfer to be met, each add an additional

cycle.
ACTION BY: All perscnnel concerned

REFERENCES 3 None

REMARKS: The above information has been sent to all G-15 users.

APPROVED BY: T, Yamashita

PREPARED BY: T. Yamashita % é/‘
f St pr
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TECHNICAL APPLICATIONS MEMORANDUM NO. 19

TITLE: Cornu Spiral Plot

PURPOSEs DA-1 -~ Plotter Demonstration
EQUIPMENT AFFECTED: G-15D, DA-1, and PA-1
EFFECTIVE DATE: 21 June 1957

INSTRUCTION:

This problem is programmed in conjunction with Dapper-1.4#
The program as listed on the accompanying sheet generates a spiral in the
first quadrant, To generate a spiral in the third quadrant,. change the sign

of the yo value of integrator 00, i.e., type (using Dapper-1) =50.9999999
Tab 50 24 00 1 Tab s and proceed as before. The paper on the
plotter should be at least 11 1/2" in x direction and 10 1/2" in y direction
if both branches are to be plotted. Plotting time 1is approximately 10 min-
utes per branch with manual stop when the spiral begins to converge. Inte-
gratar Oh will overflow after a somewhat longer time thereby stopping the

plotter.

To operate follow instructions in Table IV, page 71 of the DA-1 Mamal with
the following addenda:

a, In Step L, set switches for 108 integrator
operation.

b. In Step 8, type 4 Tab 8 (for 108 integrator

Operations.

Ce In Step 9, type program from accompanying program
sheet .

After Step 10, set up plotter for plotting spiral, proceed.

# DA-l Program Preparation Routine
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00 o 3
o 08 3
oh 12 3
00 13 3
0o 17 3
13, 03 3
17 02 3
00 Ooh 4
08 12 4
08 13 4
12 08 U
12 17 L4
51.3141593
=51,3141593
©50.3333333
50.3333333
. o000000
140000000
146..0000000

51,1000000

CORNU SPIRAL - FAST PLOT PROGRAM USING DAPPER-1

Tab
Tab
Tab
Tab
Tab
Tab

Tab

Tab
Tab
Tab
Tab

Tab

Tab
Tab
Tab

Tab

Tab -

Tab
Tab
Tab
Tab
Tab

52
52
50
50
50
53
51
51

51

08
12
13
17

ok
o8
12
13
17

Tab.

Tab
Tab
Tadb

vy Y S FE e

Tab
Tab
Tab
Tab
Tab
Tab

21 June 1957
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ACTION BY: All Personnel Concerned
REFERENCES: DA-l1 Mamual
REMARKS ¢ None

PREPARED BY: D, Stein
APPROVED BY:t T, Yamashita
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APPENDIX A
CORNU SPIRAL - FAST PLOT FLOW CHART
S - \-‘-———- -
y =0 . 1 o dt -+ 2 12
50.9999999 /_,‘
dt - 2722 Sk = 0 o
- t o dt o 27
Sy =3 § -l 1
t A——-
dt ° 2—1‘.
o dt ¢ &7 R
Sy - l [ . L
Cos O t2 = T
=6
2"",d(Cos ’g £5)e=TTt Sin 32—'t2dtl V
§ Sk = 2
Sy = ™\
2 N d
Sin % t
' '6'd(S:m 12)=TTt COngt dt
at » 2712 Sk = 0
Sy =1 A/ &Y
sin 2 ¢2 = 13 - Input to
n 2 t — Plotter
-6 2 (a3)
2 . d(Singt )
( at - 27 Sk = 0
Sy =1 \ 1/3 M &K

1'[ 2 ' Input to
Cos5 ¢ A/:— 5 Plotter
* A Cos:rt ) , (02)
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THE CORNU SPIRAL







TECHNICAL APPLICATIONS MEMORANDUM NO. 20

18 July 1957

TITLE: Condensed Formac Tape Duplicator (Self loading)
PURPOSE: To provide advance information on a service routine
EQIPMENT AFFECTED! G-15D

EFFECTIVE DATE: 18 July 1957

INSTRUCTION:

Description:

This is a service routine for 0-15D designed to duplicate tapes,
having the output tape punched with a format consisting of 29 digit
codes and an end (reload) code. This represents a saving of 7 tape
characters per four words, or 18.9% reduction in tape length between
7 1/2 inch leaders, compared with "standard" format. Not only is tape
material conserved, but tapes punched in the condensed format can

be read and reversed more rapidly (e.g. INTERCOM). For efficiency,
short blocks are precessed before punching, during typeout of the
check sum.

The complete program, including its own loading routine, is stored
in words 00 - L7 of 1ine Ol for execution. The first loading command
(word 00) is replaced after loading, so the "f" key may be used to
reenter the program from the beginning.

Operation:
A, Loading:
"p" key to read the self loading program tape, then COMPUTE

to either GO or BP, A halt occurs to permit placement of the
tape to be duplicated.
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B.

c.

If the program tape is loaded by PPR instruction w00 (tab) s,
then type 1 x 03 (tab) s, followed by entry with 104 x O4 (tab) s.

Compute to GO:

After line 19 is cleared a block of tape is read, summed in
AR, and copied into 18, Line 19 is cleared again, and while
the check sm is being typed frem 19.,u7, line 18 is given
four-word precessions until words uli - u7 are not all clear,
After precession and typeout, while line 19 is clear, a 7 1/2
inch leader is punched, followed by setting of "Ready". Then
line 18 is copied into 19 and punched in the format described
above. At the conclusion of punching, the next tape block is
read and the process repeated.

Compute to BP:

The commands to type the check sum and to punch the record on
tape both have break points., If an incorrect check sum is
typed after reading a tape being duplicated, the tape may be
reversed with the "b" key and reread after "f", The position
of the COMPUTE SWITCH should not be changed during the punching
of leader., If it is desired to stop after reproducing a par-
ticular block of tape (e.g., the last one), the COMPUTE SWITCH
should either be set to BP during check sum typeout, or turned
off during the punching of a record when the indicator lights
show source 28, destinaticn 31.

Modifying Tape:

If a tape is to be reproduced with modifications, this program
may be used jointly with PPR. After the BP halt omn check sum
typeout, the contents of the last block read are in line 18.
Assuning PPR is stored, type "Sf" with ENABLE on, then COMPUTE
to GO or BP, and use PPR to modify line 18. To transfer contrcl
from PPR to this program for typeout of the new check sum and
condensed format punching before more tape is read, use PPR
instructions 146 x O4 (tab) s.
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Use of Storage:

Line 01, words 00 - 47 (entire line disturbed on loading);
line 02, words 00 - 03 (format for line 19 output); all
arithmetic registers; line 23 during tape reading.

ACTION BY: All Personnel Concerned

REFERENCES : None

REMARKS 2 “Appendix A = Specification Sheet
Appendix B -~ Memory Print Out

Appendix C « Coding Sheets

PREPARED BY: S. He Lewis /Méfﬁz,«,\a
APPROVED BY: T. Yamashita \/%m,,lzé_,

SHL/TY/3jr



MEMORANDUM NO. 20 ; APPENDIX A
18 July 1957

SPECIFICATIONS

TYPE: Service Routine (Complete Program; Self-loading)

EQUIPMENT AFFiCTED: G-15D
MODE OF OPERATION: Not Applicable
EXECUTION: Line 01
ENTRY: | To read tape, sum and punch: Word 00
‘ {:To sum and punch (line 18): Word L6
SCALING: None
DATA INPUT: Punched tape, or line 18
DATA QUTPUT: Punched tape
EXECUTION TIME: Variable., Sum and punch full block from

line 18: SlL seconds.

ERROR STOPS: None
ALL STORAGE LINES USED: 01, 18, 19, 23, AR, ID, MQ, PN
SUMMATION CONSTANT: ~uzu3blyz

REMARKS : See description of use.
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APPENDIX B
18 July 1957

CONDENSED FORMAT TAPF .uPLICATOR (SELF-LUADLNG)

uzu3blz

320u2zz2
2x87152
29292x2
8309382
2167322
Iwlwu52
191933w
1414272
=8w00000
B8x2403w

707392

L67z

MEMORY PRINT OUT

2222253
2w2wOlz
100000
2000000
1725v
1vlvu52
yv15393
131367x
1000000
wOw33w
707333
400212

8002361
125152
2727W3x
232303u
121203w
Juluub2
179x13z
111139z
9000000
~800v3L2
306222
3036vz

-8228322
292v253
2L24392
92,9218
1x1xu52
u02103w
1516333

-8211302

-8y10038

uOulzz
62x03w
101261
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Les Angeles 45,Califernia

G-15D Prepared by S. He Lewis Date: 1[.18[51‘
PROGRAM PROBLEM : CONDENSED FORMAT TAPE DUPLT®!TOR (SELF LOAD. :I)

N, C, From Ol

DA-1 Off
Clear Command =» AR

— R — q
[Pt gt — © o n— c——s ot v—

°°°°°0Hn-'oe:’

Ready ?
Read Ta:po

0 = (ID) AR

s 101010

Format —>» MQ

1000000

«-8w00000

(MQ) —> 20,02,03

Ready ?
£(19) ¢, ARt
(19) —» 18

0= (ID) —» 19

(AR) —> 19.u7

Type (19)

Test Command -Q AR =
Test Command “\

‘No Co From AR /‘—-

olojo Jlojo |jo |o |~ o |&

:“
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Los Angeles 45,Callfornia Page 2 of 2
Pupaud' by S. He Lewis Date: _1/28/57
PROGRAM PROBLEM : CONDENSED FORMAT TAPE DUPLICATOR (SELF LOADING) Line 00
Pl g | n|c|s|o e NOTES
OB ® O 2 ﬂ 2y | 25] o] 25| 28 Tes'b‘j:"g']o = (ID) —= AR — -
x X 2y 32 331 o] o1| 28 | £ O | Leader Format —» AR
@ Py @15 25 u“ 26 | 26| 2| 18 18” I s 3 18 pu
OJOXO), 26 | u| 27 | 27| 2| 18] 18] 18) -5 18
@) @) 3| 27|28 | 28/ 2| 18| 18 (18) —% 18
2O 3 X 28| uf2s | 29| 2| 18] 18 18) ¥ 18
) ¢ M Q)| 32| | Leader Format = 9249248
)( M OR| 33 s 35l of o1 26 Punch Format —» PNo -
)()()(-'Ju Punch Format = 2000000
KA XK | 35| Jo3| o9l of 28] o2 | (ar)—> 02.03
M ® )( }Q 09 oo | 1 k| 26 ozn 1 (ew) — 02.00,00
48 49 50 5 11 13 3| o] o1| 28 u C, —> AR
52 53 54 5% 13 C, = 5000000
56 57 &8 59 36 36 36| o 28| 31 Ready 7
.80 61 62 63 37 38 9| 3| o1] 29 Cy :,jm-r -
‘64 "85 68 67 38 C, = 0100000
68 68 70 N § 3 b | ki o] 22 A (Ty0AR) —> Test
7 1B U N L1 0l 37} o| 10| 3 Punch Leader —
T 18 18| 2 W | ol ol oo 3141 Set Ready
80 8 82 8| | fo2 | uo| 4| 25| o2 0 = (ID) — 02.02,03
84 85 88 & Lo uf b1 43 of 18 19" - (18) > 19
88 69 80 91 L3 L5 o71 o] 10] 3 Il- - Punch Tape
82 83 o4 95 |
9 97 98 99 Reentry From PFR ]
W0 ul w2 uwi| u6| ujur | w7 of 18] 19 (18) — 19 —
‘:eg?" U5 us l JHEBEREE 1 crew




TECHNICAL APPLICATIONS MEMORANDUM NO. 21
15 July 1957

TITIE:s DA-1 Timing and Control

PURPOSE Functional Explanation Of DA-1

EQIPMENT AFFECTED: 0-15D, DA-)
EFFECTIVE DATE: 15 July 1957
INSTRUCTION:

The information on DA-1 Timing and Control ls grouped under the
following headings:

I, Introduction to DA-l. Timing and Control
II. The DA-l
A Timing
1. The Integrand and Soaling
2. The R register and the Constant K
3. The arithmetic of dZ and X dZ outputs
Lo The Timing and Addresseing information
B. Control Considerations
1. 0-15D Commands
2, Overflows and halts
3. Plotters and Plotter/follower
C, Communication between the G-15D and DA~)l =~ physical characteristiocs
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I,

15 July 1957

Indroduction to DA-1 Timing and Conlrol

The material to follow will aid the programmnr who wishes to write
G-15D programs for combined G-15D/DA-l opereuions, The internal
logic of the DA-1 is presemted in the course taught by the BCD
Training Group. Knowledge of both G-15D programming and the use
of DAPPER-1 are assumed, along with some knowledge of DDA-type
arithmetic, This introduction will serve as a refresher on the
processes involved in DA-1 computations.

The DA-1, from the functional standpoint, consists of 108 packages,

each containing an iniegrator and an associated constant multiplier.

The integrator receives incremental inputs of two different types,
called the dY and dX inputs. The dY inputs are accumulated (= integrated)
to form the integrand Y, Increments dX of the variable of integration

X control the addition or subtraction of Y into another register

called the R register. Overflows of the R register are increments

of the integral of Y with respect to X and can be accumulated in another
integrator. The integral of Y with respect to X is called Z and the
increments of Z are called dZ, The dZ increments can be used as inputs
(dx, dY, or both) to other integrators.

The dZ incremental outputs of each integrator also control the addition

or subtraction of a constant K into another register called the r reglister.
Overflows of the r register are called the KdZ outputs of the integrator
and can serve as inputs (dX, dY or both) to other integrators. They
represent increments of the integral of KY with respect to X,

Any integrator or combination of integrators can be made to generate
outputs based only on the presence (non-zero) and sign of Y and the
presence and sign of dX, In this case dZ = (Sign Y) dX if Y ¥ 0,

dZ =0 if Y= O, This mode of operation is called decision operation
and is used for servo operations and certain non-linear computations,

Physically, the registers described above are specific locations on

the G-15D drum memory, and combined operation of the two computers

is the normal scheme., Besides the registers described above, there

are several long lines (address lines) used to specify integrator
interconnections and two short lines (Z lines) used to hcld integrator
outputs until the proper interconnections have been made. Another

long line is used to provide scaling and mode control of each integrator.

The DAPPER-1 program converts decimal integrator numbers into bit
positions during the specification of integrator interconnections,
converts floating point decimal numbers and other scaling data into
words and bit positions during numerical imput, converts DA-l words
into decimal output farm for typeout, and provides the user with other
input and control operations., The discussion to follow will indicate
the operations which must be performed by more specialized routines of
the DAPPER-1 type. ,
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(A1) <1

II, DA-l Timing and Control. Drawing L6 c Ll and the DA~l Functional
Diagram are required for this discussion. Ccpies are enclosed.

A-=1 Refer to Lbchl,

Near the bottom of the page are shown words 17.06 and 18,06, These
contain the integrand and timing control, respectively, for integrator 06
Integrand number I corresponds to word time I all around the drum (00-u?)e

From the standpoint of the arithmetic hardware of the DA-1l, fixed point
arithmetic is used (From the standpoint of problem scaling, floating
point arithmetic is much simpler. An explanation is given below).

The integrand Y for imtegrator I is held in line 17 in a form different
from the standard G-15D word, Word 17.I is called the integrand
register., Its "fixed" binary point is between T27 and T28, .The sign
bit for DA-1 arithmetic is in T28; the numerical portion extends from
T27 to Tl, and is complementcd if negative., Incremental inputs to this
integrand will be added to the integrand at bit positions controlled by
a pulse in M8, These incremental inputs are held in a L-bit static
register (3 bits numerical, one bit for sign) called the dY register,
which can hold an accumulated count of from -8 to +7 increments, The
accumulated count will be referred to as the AY input to distinguish

it from a single incremertal input dY, The AY count is in complementary

form if negative,

The complement farm of ¥ and AY permits the use of the trailing sign
bit (no "second pass" is needed to correct the siegn bit as is true of

the G-15D AR register).

With the U4 bit AY register, it is possible to add the least significaat
bit of AY into the T25 position ol the int egrand., Other circuitry
establishes the low-qgrder (right hand) limit of this addition at T1
(Refer to the description of M18 below),

Since the scaling of AY with respect to Y is determined by when the
AY count is added into the Y register, the relative scaling of dY
with respect to ¥ must be a power of two, In practice, it is quite
convenient to use binary Scale Factors for both Y and d¥., Experiments
with other scaling schemes will indicate the type of difficulties
encountered., For the purposes of this discussion, we shall assume
binary scale factors on Y and on dY,

Assuming that the maximum gero to full scale magnitude of 'Y is greater
than 1, the floating binary point of Y will lie between 2 bit positions
in the integrand, If the scale factor sign convention of DAPPER-1 are
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employed, then for 2° € |( ﬁﬁl £ 219, & Scale Factar of + 10 will be
used and the binary poipt lie between T17 and T18, If the magnitude
of & dY increment is 2=2veferred to a Mone" in the integrand, the dY
socale factor is =5, and least significant digit of the Y register

should be sdded to Y in T13 in the example atove,

The timing of the Y + dY addition in integrator I is initiated by the
right-most bit in Mi8.I. The bit must be located one bit to the right

of the position where the least significant bit of AY is to be added

in, This bit can be located in any position between Tl and T2k of word I,
or it can be located in T29 of word (I-1) (in which case dY is added

into T\ of word I), Integrator 00 is an exception in that the start bit
must be located between T1 and T2L inclusive of word 00 and cannoct be

in word u7. See Section B,

If improper scaling is employed, it 1s possible that when AY is added

to Y an overflow will occur, Either a positive ar negative overflow

can occur, and in either case a "one" bit will be written into T29 of
word 17.I, The ocowyence of this overflow will csuse the G-15D overfilow
Flip-Flop to be set and DA-1 computation will hali immedistely. The
control aspects of overflows are discussed in Section B, It is advisable
during problem preparation to write zeros in T29 of all integrand values
to facilitate identification of the faulty scale fastar,

The start pulse in word 18.I has been disoussed, Two other bit positions
(T26 and T28) are of interest.

Position T26 must have a "one" bit., This is a timing control pulse
required by the DA-l hardware and has no programming significance,

In effect, the AY register is cleared beginning at T27 in preparation
for the processing of integrator I +l.

Position T28 specifies whether the output of the integrator is of the
dZ=YdX type or of the dZ = (Sign Y) dX type. It is called the "decision *
bit. A "one" calls far decision operation, Descriptions of ' the afithmetic

will be found in Section A.3.

To summarize the contents of M18 word I: (1) a start bit must be included,
and it can be between the limits of T2L of word I and T29 of word I - 13

(2) a "one" must be placed in T26 of each integrator; (3) Optional bit in
728 calls for decision operation; (L) No other “ones" can be present in M8,

A.2-1

A.2 Registers K, R, and r,

The farm of the constant K is quite similar to that of ¥, The sign bit
is in T28; the mumerical portion extends from T27 down through T29 of the
previous word and is complemented if negative. Since K is not changed by
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the DA=l, no provision for overflow is needed and T29 is available for
numerical use.

Because the KdZ, outputs are conditioned on the unmultipled dZ outputs
which are not available until T28, the K register for integrator I is
found in ward time I + 1, Line 15 holds all the K registers,

To anticipate slightly, integrator outputs are the result of accumilated
additions of + Y into ancther register called the R register. The R
reglsters are held in M6 (ward I for integrator I). The value of R

is westricted to be positive, and bit pogitions T28 and T29 are not
used vy the DA-l, R extends from T27 through Tl,

The constant multiplier operates like a normal integratcer (but with no
AK inputs) and register r corresponds exactly to register R in
funotion, The r register for integrator I is found in 14.(I + 1),
Actually the r register for Integrator I extends from T27 of word 1 + 1
down through T29 of word I, as does the numerical portion of K, T28 is

not used,

L

Ao3"1

A3 Arithmetic for integrator outputs.

The output arithmetic for integrator I will be discussed in 3 parts, YdX
outputs, (Sign Y) dX outputs (Decision Operation), and KdZ outputs (from
the constant multiplier).

Integrationt As T29 of word I-l is read, the dY reglster is loaded from
one of four dY counters and the DA-1l begins to look for a Start pulss in
M18, At the next bit time after the start pulse has baen read, two
operations beginz (1) AY is added to ¥; and (2) Y +AY 1s'multiplied®
dX (which can be positive, negative or zero) and added to R, Both of
these operations are complete at T28, The R register may or may not have
an overflow. (A carry into the T26 position), Lack of an overflow denotes
that dZ = U, Since the R register is restricted to be positive while
(Y + HY)AX can have elther sign, the R register can overflow beyond either
the positive or negative limit, The sign of the overflow is the sign of
the dZ output (it is also the sign of (Y + AY) dX). If this dZ output
of integrator I is to be used as an input to another integrator, it mst
be read during 728 of word I,

Decision:s The preceding paragraph assumed that Integrator I was programmed
to integrate (i,e,, T28=0 in M1B8), If T28 « 1 in M8, the result of the

R+ é! + AY) dX addition is ignored, One flipflop has the job of detecting
.the (nonezerc) existence of (Y + AY)dX, and at T28 this flipflop 1s
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Ab

inspected to determine the existence of & dZ = (8ign Y) dX output on
decision operation. The output hes the sign of (Y + AY) dX.

A.3 -3

Constant Multiplication: The dZ output, existence and sign, is held
throughout word time I + 1 to control the addition of K42 into x. The
eddition vegins at T29 of word I and continues through T27 of word I + 1.
The sign of 4Z controls complementation of K if necessaxy. At T28 of woxrd
I + 1, the existence and direction of the overflow of the r register pro-
vide the existence and sign of the KAZ output of Integrator I. The KA2
output of Integrator I is held until T1 of vord I + 2, at vhich time

it is recorded on the two Z lines, as described below.

Note that the 42 outputs are never recorded on the Z lines and that the
KAZ outputs are recorded after a delay (from I to I + 2).

Acl“ - l
Timing of addressing information:

The multiplied output of Incegrator I is recorded on two z-lines (M21 for.
existence, M22 for sign) at Tl of word I + 2. While the DA-l is in
operation, these two lines undergo & precession of 1 bit in each 4 wonrl
times, so that the output of Integrator I is in T2 at word I + 6, in T3
at I + 10, end in T27 at word I + 106, Drawing 46 ¢4, shows the bit posie
tions of the integrator outputs by integrator number during word times

3, 4 5 (bottom of page) and 6 (top of page).

Because of the precaessing scheme based on the L word short lines, each
integrator output is available for counting only every four word times.
Any 4Y counter, then, must search for four word times in oxder to be able
to accept inputs from each of the 108 integrators, and some means must be
provided for indicating to the counter that it has been searching for
exactly four word times. As a further consequence of the gz-line length,
four dY counters are necessary.’ The most straightforward arrangement of
the counters uses the same counter for integrators 00, Ok, 08, ..., uO and
ul. A second counter is used for 01, 05, 09, ..., and u5. BSimilarly with
the other two counters. This is suggested and not required, since control
of the counter is under control of the programmer as described below.
Other arrangements, however, restrict the nmumber of integrator intercone
nections, In specific problems, this may be feasible and could free long

lines foxr general purpose use.
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Each of four dY counters is connected to a long line in the G=15D. Long

line 10 is connected to dY counter #l4, MIT to #3, M2 to #2, and M13 to

#1, Coincidence detection is employed such that if MO has a "one" bit

in scme bit position (except T28 or T29), the KdZ output from M2l, M22 in the
same bit position is algebraically added to the previous contents of the
counter, The count is oyclic so that if the counter capacity is exceeded,

a large error will occur,

If a "one" is present in T28 of woerd I (of M10), ths dZ output of Integratar
I will be counted, (into counter #L) instead of the T28 contents of the

Z lines.

The T29 bits of 1ine 10 indicate to counter #L when to load its accumulated
AY count into the dY register discussed in Section A,1l, If ccunter ¢l is

to be used for integrator I, the programmer must place a T29 bit in word

=1 of M10, The ocaxreice of any T29 in one of the address lines copies
the contents of the associated dY counter into the dY register and eimle

taneously olears the dY counter., If two address lines ocontain T29 bits

in the same word time, the quantity dumped into the dY regist.er will be

a bit-by-bit logical sum of the contents of the two counters.

The addressing of dX inputs is identical to that of dY imputs, Lines

6, 7, 8 anl 9 are associated with dX counters #i, 3, 2, and 1 respectively,
Each dX counter holds only 1 count (existence and signs , and the circuit
operation is such that if more than 1 dX input is addressed, each term
(existence and sign) will be set as though the multiple counts were presguted
simultaneously at "OR" gates on the input terms.

The association of specific address lines with specific integrators is at
the programmer's discretion, Certain contrel functions which are fixed
onto specific lines are discussed in Section B, The following table
indicates the choices made for DAPFER-]1 (the DA=l Addressing Guide is

based on DAPPER-1),
TABIEs Memory Assignments for Addressing DAFPER-1

LINE COUNTER INTEGRATORS COUNTER DUMP
LOCATIONS IN T2¢9
OF WORDS¢
09 dx# 0 Modulo 4 3 Nodule 4
o8 #2 S " o "
07 #3 2 " 1 o ™
#h 3 ] ] 2 n ]
13 av#l 0 " " 3 ” L]
12 #2 1 n o ow o n n
1 #3 2 " n 1 ] ]
10 #u 3 u 2 "
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If combined G-15D/DA-l programs are contemplated, experiments with
integrator nuxbering in a specific problen may indicats that not all
counters naed to be used for 108 integrator cpexations. Probably the
counters will uo longer search in uniform four word blocks. In this
event, one of the switches inside the back panel of the DA-1 can be
opensd, dipcomnecting the asscciated counter, snd the associated lg
1line can be used for & portion of the gensral PUXposs program.

801.1

B. Control Omueutiom
B.1 G-15D Commmnds:

Command 01931 unconditionally starts the DA-l, This command must be
oparative dwring word time uf7. Artifieial + dX inputs are supplied at
70 time (aT29 of u7) to integrator 00 regardless of &ny counter durps

or lack thereof in the 4X address lines at TO0. Only duputs tc integrator
00 are provided and the integrend must be non-gero to odtain outputs.

Command 11931 unconditionally halts the DA-1. Again this command mmust
be operetive during word time u7. See the following sections for the.
other wvays to halt the DA-l, . v

Command 32931 tests the GO flipflop on the DA-1. Test is set 1f the DA-1
is OFF. .

Boa“l

B.2 Ovarﬂmm end Halts:

An overflov in eny integrand in the DA-l immediately halte DA-l compu-
tations end sets the G-15D overflow flipflop.

If GX counter §1 (associated with line 09) conteins e non-zero dX at
time TO, DA-l computetions will halt (the automatlic dX inputs to inte-
grator 00 will no longer be supplied). The G-15D overflow flipflop is
not set. In DAPPER-1, dX cownter #1 is W to work with integra-
tor 00 by means of a T29 in 09.u7. When -1 detacts a DA-1 halt
during normal computatiocn, it next tests the overflow flipflop to decids
vhether to call for e noymal typsout or to cell for en overflow-seeking

procsdure,
' Be3 =1

B.3 Plotters and Plotter/Follower: .

The jack marked Plotter on the DA-1 receives the contents of dX counters
#3 and f4, Rach counter should be get before TO and remain set throughout
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c.

wvord 00, although it mey be possible in scme cases to set the counter

dn tho Pirst fow bits of word 00, The address line layout of DAFPEReL
1eadg to tha ooding system and interconneation restrictions Gegseribed

in the DA«l Maoual., The rate limitation im that of the plottexr, not

of the transmitting mechanism,

The Jeok maxked Plotter/Follower on the DA.], whea uged Tor a plotler,
receives the contents of dX counter #2 on one axis (during woxd 00 &g
described above) and the unmultiplied (dZ) output of integrator ul on
the other (elso reed during word 00), No aX counter is &ssociabed with

the output from integrator u7.

Vhon the follower is used, A&X signals to the followsr axe provided by
the uwroalbtiplied output of integrator u7 os desoribed hbove. The AY
signal from the follower sets dX counter #1. during word 00. I soue
other input has alrealy arrived at dX counter #l (or arrives later tub
befors the next Counter Dump signal to the counter), each of tha two
varzas (oxisienes and sign) will be set in "OR" gate fashion.

Col-l

Communication between the G-15D and the DA-l:

This section 1s concorned with the physical characterigtics of the
informotion trensfer only. The meoning of tite transferred inforuation
and the programning requirements ere discussed alsewhera.

When the DA-) is OFF, the G-15D has unlimited freedom in »eeding and
vriting in all portions of the memory.

VYhen the DA-)l is ON, the G-15D can read any portion of the DA.L memoxy
without restriction, except that the contents of M2l and M22 will be

preasssing as desoribed earlier.
Writing into the DA-1 portion of memory has the following limitationss
Iine 18 (Control Information). Can be written into in usual
fashion. New data must obey the usual instructions re-
garding the start bit and T26.
Line 17 (Y or Integrand Register). The bit by bit logical sum

of the informebion to be written by the G-15D and the
new integrand value (Y + AY) will be written into M17.

Line 16 (R register), Logical sum as above,
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Line 15 (K register), Can be written into in usual fashion,

I4ns 14 (r register), Logical sum &8 &bove.

Idne 06 « 13, No restriction,

Snort lines MELl and M22, Avoid writing in these registers, which
are precessing during DA<l computation. Other considere

stions involving M2l end M22 are that altering their contente

during aa interruption in DA<l corputation will maks oorzese
. ponding changes in the f£irat cycle of DA-l computetion when
ths DA-l is turned ON again, '

Also, the special extrest commend 3233 was invented for use during
DA-1 oomputetion.

AUTION BY: All perscnnel concerned
AFRUOKNS: DA<l Programming and Operations Nanual

RIMARKB: None

FREPARED BY: R, Kedr %43« “,
APPROVED BY: T. Yamashita %m,_,é{__,

RK/TY/§%
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APPENDIX A

Drawving 46 o 41
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APPENDIX B

FUNCTIONAL DIAGRAM DA-1
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TECHNICAL APPLICATIONS MEMORANDUM NO. 22

25 July 1957
TITLE: Flow Crarting Routine

PURPOSE: To provide s neat system of listing the flow of a routine
EQUIPMENT AFFECTED: G-15D
EFFECTIVE DATE: 25 July 1957

INSTRUCTION:
A. Typewriter 8et up:

8et the left margin 1" from the left side of the paper. Clear all
the tab stops and set a tab stop every 1l spaces from the left margin.

B. Operating Instructions:
1. With Flow Charting Routine on the phcto resder, strike <p> .

2. Compute switch to GO. This lcads the routine into lines 2, 3,
4, 7, 8 9, 10, 11 and O.

3, With the Compute switch OFF, load the routine to be flow charted
' into line 19. The routine will transfer it tc line 18.

4, With the carriage returned, type <acf> and put the Compute Switch
to GO.

5. The computer is now ready to accept any one of the following tnree
codes.
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a. Type TP - Flow Charting commences at 19.TT. Routine
halts at every NCAR, rings bell end waits for a two digit
type in for the next command locstion. Routine halts at
all marked transfer commands.

b. Type ¥ ¢TT - Same as sbove except:*

1. If % oTT 1s typed and any durmy is sent to destination
28 or 29 and contains & non-zero NN number, this be-
comes the location of the rext eommand following NCAR.

i1, Complete one line transfer to line ¢ causes a halt.

111, Mark transfers to line c¢ are treated as subroutine
entries and the NN number is saved to be flow charted
after all of the main routine is finished. After a
space, the main routine is continued at the TT number

of the marked transfer command.

c. Type t LLcTT as in b., except for NCAR. The original routine
may have been stored in line LL and executed out of line c.
Dummies sent to AR from either line LL or lire c are examined
for a non-zero NN number.

If at any time during execution of the flow charting routine the operator
wishes to specify the next location on NCAR, he throws the compute switch

to BP. The routine will halt at NCAR. The operator strikes < f7> and throws
the compute switch to GO or to BP. A bell will ring and the routine waits
for a two digit type in for the next command location.

The routine sends "O" to commands listed except mark and return transfer and
NCAR commands. The remainder of line 18 can be typed out as & command and a
hex number by typing <sckf> and GO.

The routine counts carriage returns and after k returns, it carriage returns
6 times, eliminating a type-out of the perforation between sheets. k can
be cut in half for double space typing by typing <sclqf> and GO. The
routine asks for type in. Tab "s" sets k for single space typing, and - tab

"g" gets for double space typing.

ACTION BY: All personnel concerned

# ¢ = Command Line (6 = 19)
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RE:F'EBENCE: None

REMARKS: None

PREPARED BY: Dr. H. Huskey and D. Hassell
APPROVED BY: T. Yamashita

DH/TY/bs



EXAMPLE TYFEOUT /[REFCSITIONING ROUTINE)

60 . 8

«53...55.0.29.21

«93..u93.0.28,31

¢9%4..u00.5.21,31
5.00

.UG. . .U‘“ o‘}o~’9.23
14, u20,0,12,31
020, ,ul0,0, 0 ,5)
e21...25.C.005,25
55, 0U58.6023.24
e60,.u3?2.0,24,31
¢96,..57.1.00,25
990 Ui 0,28, 3]
0234..27.0.%5,090
PR} PO VLV I S A
u3.4467.0.26.00
¢56...57.0.00.25
«65..,u0.0,.24,31
7. 821,066,258
Yo UG UL 24, 3L
43,...45.0.26,.28
66...27.3.00.29
303601, 07,00
o33, u¥%.5,.23,29
LY AR P B
R/ ) S S DTS I |
«95..u%06.9.51,18
JA3...15.1.21.28
16.0.17.1.00,29
«19...723.1.28,.21
0e24..4.63.0.00,29
«29...31.0.28.22
«33...35.C.21.28
37 00 39,0008, 05
«42,..43.0.28.20
44,...46.3.00.29
+49,.u52.0.22.31

APPENDIX A

«34,..55.0.22.28

+64...65.0.31.31..63

.63...00.0.01.28
«92...97.0.28.27

ul,..ul.0.28.28
.13..

.ul,..03.0.29,23
.04...08.4.00.20
.10,..11.0.23.,31
.12,..14,0.28.26
«15..ul8.4.28.21
.18...20.4,31.22
022,..25.0.22.28
¢26...27.3.00.29
02800

.30...31.0.00.23
.32...36.1.00.30
4l...44,0.22,28
45...47.3.00.29
.48...49.0,28,27

+50...52,1.00.30 «Sl..
«59...60.0.26.28
Q61.,

0280 ..29.0.28.27

«31...33.0.22.28
«34...37.3.20.29
«38...39.0.28.27

.40...41.0.28.28 J4l..

.13..



e6l..ubd.4,28,25

HZ00e63.0.20,28 APPENDIX A
o64s..65.0.31,31,.39 -
¢39...00,0.25.18

.68...71.0,.21,.28

0J2..u75,0.23.31

e75:4.76.3.00,29

077' L]

.5] LN ) .55 00023.27

058...1200028.28 .59..
.13.0 '

0776001800022.31

e79...61,0.00.30 : «20...76,0,00.29

75 .82...83,0.28.30
0850 0085 .0-28.31
.86..u87.0.29.19
87...u7.0.26.19
.05...06.0.00.28
.07...03.0.28.02
e11,..12,0.09.31
JA3..

sc4r . CONSTANTS

.01...03,064.0,29.23 .83043v7
.06..u96,.16,0.00.00 .6010900
.08..u00.00.0.31.00 .0GOV 3y0
.09.,u00.00.0,00.31 .0C00012
.17..2€1.00,0.00.G0 .0100000
.25..,u00.32,0,00.00 0000000
.27..100,00,0.00,01 .0000)01
.36..u00.00.0,00.03 .0000003
4h...u8.68.0,25.18 Sywi4332
.47..,u00,00,0,01.00 .000:0020
.52,.u00,00,0,03.00 0000060
.57..u00.00.0.05.00 .00000u0
.64, ,ub6.66.0.31.31 4242322
«76..ul0.00.0,00.00 ,0000000
+8l..ul6.,00,0,00.00 . 1000000
«83..100.00.0.00.16 .0000010
+90,,u90.90.0.28.31 +5u5ul92
.91,,u01,00.4.00.00 -,0100000
.94,,u00.00,5,21,31 -,00006vz
+97..100,00.0.00.16 +0000C10
098.4.27.43,0,.26.00 <9v2v340
'u6.c01255604023010 .08W382yu
.u7.;u16.03.0.00.00 01003000



29 August 1957

TECHENICAL, APPLICATIONS MEMORANDUM NO. 23

TITLE: Combined G-15D/DA-1 Computations using DAPPER-1.

PURPOSE; To describe procedures for employing G-15D machine language programs
with DAPPER-1 for combined G-15D/DA-1 computations.

IQUIPMENT AFFECTED; G-15D end DA-1
EFFECTIVE DATE: 29 Ausust 1957

INSTRUCTIONt

A simple modification of the DAPPER-1 program permits automatic exit to &
G-15D machine language program at the programmed typeout intervals. The
material to follow describes several possible locations for the general
purpose progrem, specifies the exit and re-entry procedure, and suggests
several possible systems of control which may prove useful.

GENERAL DIfICUSSION

DAPPER-1 was intended as a control routine for DA-1 computations only and

18 not well adapted to use in combined GP/DDA operation except in the
preparation of the program. The amount of flexibility required in a general
routine of the DAPPER-1 type is very high and in almost any fixed program it
would be possible to provide sufficient output and control capabilities for
a given program in a much smaller space. Aside from output oconversion, only
a very small number of control commands are used during the execution of &
program, and these could be incorporated easily in any general purpose
program for combined operations.

In planning for combined operations of the G-15D general purpose computer
and the DA-1 Digital Differential Analyzer, one must make the decision as
to whether or not to use the DAPPER-1 routine during the execution phase

of the computation. Probadbly, it is advisable to prepare the DA-]l portion
of the progrem using DAPPER-]1 in either ocase. Inatructions are given below
for storing pre-prepared DA-1 programs for use either with DAPPER-1 or with
other control routinea.
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When DAPPER-1 is in place in the G-15, the amount of memory available for
General Purpose program is quite small. Therefore, in any program vhich

entails large amounts of General Purpose programming it will be necessary
to replace DAFPER-1 entirely. Refer to Technical Applications Memorandum

No. 21, dated 15 July 1957, for program requirements.

Where the amount of General Purpose program is small enough to fit into
the unused portions of memory, use of DAPPER-1 eliminates the need to write
nev output routines. The material to follow provides instructions for
connecting the GP program to DAPPER-1. The last section describes how to
destroy part of DAPPER-1 in order to make room for more GP progranm,

DUMPING OF MEMORY FOR PROBLEM RE-RUN

This section applies to computations using only the DA-1 as well as to provlema
involving combined operations. In order to preserve & problem for later
insertion into the DA-1 a tape must be prepared which will store relevant
information onto paper tape or magnetic tape for later reinsertion. A
companion reload routine to this dump program should be written, to be

used at the time of reinsertion. The sequence of operation should be as

follovs:

1, Type in the DA-1 program in the normal fashion.
2. BExecute OP code y.
3. Read the memory dump program into MO5 and execute 1t.

The dump program should copy lines 06 through 13 (or as many of the
address lines as are needed for the DA-1 problem. See the DA-1 manual)
and lines 15, 18 and 17 onto the selected storage medium, The compan-
ion reload routine gshould store the address lines and lines 15 and 18
into their normal locations. It should store the dumped contents of
1ine 17 in either line 05 (for 108 integrator operation) or line 10
(for 81 or less integrator operations). The sequence of operation for
reingertion is as follows:

1. Read in DAPPER-1 in the usual fashion.

2. Read the reload routine into MOS5.

3. Execute the reload routine. If initial conditions are
to be copied into MO5, line 23 can be used to copy M19
to MOS5. Exit to DAPPER-1 can be made by means of a
Transfer of Control to 00.00.

’
L, Use the typewriter to load the typeout list.
5. Use the typewriter to execute OP code 6.

6. Use the typewriter to execute OP code y.
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EXIT FROM DAPPER-1 TO THE GENERAL PURPOSE PROCRAM, AND RE-ENTRY

During execution of OP code x+ the DA-1 runs until halted by a dX input to
integrater 00, a3z described in the DA-1 manusl. At this time the DAFPER.1
program inspects the typeout 1ist and stores selected integrards in a buffer
for later conversion and typeout., Normilly as soon as the integrands have
been collected DAFFPER-1 tw:me the DA-1 oa again snd then proceeds winh the
conversions ard typeout. The modification of DAPPER-1 descridbed below will
cause control to be transferred from DAFPER-1 to the general purpose program
in place of starting the DA-1., The general purpose program must store the
contents of the AR register in preparation for re-entry, and it will normally
start the DA.1 before re-entry. Conversion and typeout will be performed
after re.entry. The enclosed block diagrsms indicste the nature of the changes.

The G-15D pcrtion of the program cen start and stcp the DA-1 as many times
n8 neanssary. The programming instructd ons are discussed in Technical
Applications Memorandum No. 21, which 1ists the lines which should not bde

disturbed while the DA-1 is CN.

As an elternative, the Generil Purpose program can use the normal "typeout"
interval to ccntrol its own cperation. By tallying the number of progremmed
DA-1 halts, the GP program can decide wher to re.enter DAPPER-1 to complete
the previous typeout anl copy the latect eet of integrands into the speclal

buffer in MO3.

A losding roatine is normally required to read in the general purpose portion
of the program before the combined computaticn is to begin. This losder will
substitute a Transfer of Control command for the Start DA-1 Command, which

is located in word Ol.u3. 1In the general purposs porticn of the program there
must be provieions for storing the contente of the AR register upon exit and
recopying them into the AR befure re-entry. This re-entry is executed by
means of a trausfer of controcl to word 01.33 (A Mark Transfer may be used.

The Mark will be ignored ‘and destroyed).
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¥LoW UIAGRAM

[ T ]

.Opcode X+
Unaoditied |

Opcode X+ Entry

-

Inspect Typeout Lists Load
Selected integrunds into specia}l
buffer in line 03

Y
Start M“l Ol. u3
Y 01.33

Convert selected integrands in
buffer using scale numbers in
typeout list.

Store converted integrands
in buffer

No ’i - Yes

‘( Ready )—
1

Fix formats, execute carriage
return, clear line 19. Copy
converted integrsnds to line 19,

!

Type M19
No - :' Yes

¥
No Yes
{ G-15 Overflov. Set?

Y

Call in overflow
seeker (Block 7)
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No y
—-( DA-1 OFFi °

N LY
e——— (615 Overfiowl ——

>
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—

Y

p

01.33

Call in Overrlow Seeke

b

Store contents of AR

y

GP Program
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| Na " Yes |
|——( Resdy: )

MU6 ——> M19
Transfer Control
to M19.

GP Program in M19

]

Regtore contents of AR.
Transfer control to
01.33 (Mark will dbe
ignored)
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COMBINED OPERATIONS WHEN 81 OR LESS INTEGRATORS ARE TO BE USED

During the readin of the DAPPER-1 program, the operator specifies how maany
integrators are to be used in the DA-1 portion of the problem. The DAPPER.1
Manual explains which integrators are to be used if 81 or less integrators
are required. The manual also indicates which long lines are available for
G-15 programs. The operator must remember to flip the proper switches in
the DA-1 cabinet to disconnect the input counters.

When 81 or less integrators are to be used, lines 05 and 06 (and perhaps
others) can hold G-15D commsnds. ILine 05 is & command line, while the others
are not, which suggests that these lines will be copied to ML9 for execution.
A ready test should be used to prevent copying into M19 while typeout is

in progress.

On certain types of problems it is possible that a large number of integrators
will be used as constant multipliers. When this is true, all such integrators
should be placed in the same modulo 4 group. The associated dY counter can
be disconnected and the corresponding dY address line used for GP program.
Refer to Techniéal Applications Memorandum No. 21 for details.

A more restricted class of problems uses a larg: number of integrators

merely to collect answers and no dX inputs are programmed. Grouping these
integrators modulo Ut can permit the release of & dX line for GP commands.

COMBYNED OPERATIONS WHEN MORE THAN 81 INTEGRATORS ARE TO BE USED

When more than 81 integrators are to be used, no lines are free for GP
commands. If the DA-1 program and the GP program have been verified sepa-
rately, it 'still may be possible to include a small amount of general purpose
programming by destroying the initial condition reset features of DAPPER-1.

. The general purpose program should be written to operate from line 05.
Exit from and re-entry to DAPPER-1 are as described above. The normal
sequence of @ogram preparation is as follows: ,

1. Enter the DA-1l program, either through the typewriter
or from a tape prepared by A memory dump routine. If

the typewriter is used, a memory dump at this time
would be strategic.

2. Execute OP code y.

3. Load the gé‘neral purpose pméra.m into MO5. The loader
for this program should mqdify 0l.u3 as described above.

k. Execute the combined program.
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No damage is done to DAPPER-1 by this procedure except that OP code y
will copy the general purpose program instead of the initial integrand
values from MO5 into M17. Therefore, when re-starting the combined
program, it is necessary to give OP code y (wvhich sets up other registers
besides the Y registers), then to read the block of tape containing the
initial integrand values into M19 for copying into M1T7.

USE OF LINE 19 FOR GENERAL PURPOSE PROGRAM

Line 19 can be used to execute general purpose commands which are held
on paper or magnetic tape. However, OP code y and all of the output
OP codes (“b v+, and x+ ) destroy the contents of M19, so that extra
care must taken in planning for the use of this line. 8pecifically,
the program in M0O5 must test ready {to prevent interference with out-
put) and then read in the M19 block of GP program each time the M19
program is to be executed. As soon as this block has been read, it
should be rewound (using the tape reverse command) in preparation for
later use,

In order for DAPPER-1 to perform its tape search functions properly
(to call in the Overflow Seeker, especially) the DAPPER-1 magazine ms ¢
be left on the photo reader. The tape block containing the general
purpose program for M19 can be spliced to the end of the DAPPER-1 tape.
Make word 16 of this block (0000008+) or larger. This ie a tag number
used by the tape search program in DAPPER-1. Tape block: in DAPPER-1
are numbered sequentially beginning with O for the loader.

BLOCK NUMBER OPERATES FROM LINE NUMBER

0 loader and Memory Setup MOk

1 MOO

2 MOl

3 MO2

L MO3

S Addressing

6 Output Mok

7 Overflow Seeker

The accompanying flow diagram indicates one way of performing the necessary
control operations. The test of 19.16 is used to get past the Overflow
Seeker at the initiation of computations. A more elaborate test with
bidirectional search may be désirable.
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SPACE IN LINE 03 OF DAPPER-1

This procedure is not likely to be as useful as the other suggestions in
this memo. The output conversion portion of DAPPER-1 uses 8o much of the
total program space that separation on any large scale is not feasible,
and the command locations which could be used for general purpose progrem
during ectual computation ars fairly few and widely scattered. If the
DA-1 scaling has been thoroughly checked so that overflows will not occur,
end if most of the input OP codes (including OP code y) can be dispensed
with, 1t is possible to use 78 command locations in MO3 of DAPPER-1 for
general purpose program. IAPPER-1 no longer controls the movemert of
paper tape, and automatic overlow detection is no longer provided.

In order to use the available space in DAPPER-1l, it will be necessary
to prepare & nev tape to be inserted in place of one of the blocks of
DAPPER-1 after the DA-1 progrem has been prepared. For $afety purposes,
1t will also be necessary to eliminate those DAPPER-1 OP codes which
require the commands which are to be replaced. Normally the sequence
of problem preparation will be as follows:

1. Prepare:the DA-1 problem using DAPPER-1 aa it is.

2, Execute OP code y, which inserts initial integrand
values and prepares the DA-1 for computations.

3. Execute OP code u+ which types the initial integrand
values. The purpose of executing OP code u+ is to
make sure that the output conversion routine is
properly loaded into line O4. The tape handling
functions of DAPPER-1 are destroyed by the use of
the 78 command blocks in line 03 of DAPPER-1.

L, .Revind and remove the DAPPER-1 magazine and repluce
it with a magazine containing the¢ following tape
blocks:

A. losder: <Copies itself MO5 destroying the
initial integrand’ values. Destroys certuin
OP cocdes. loads remainder of general purpose
program including the modified block for
line 03. Prepares exit from DAPPER-1 to
the general purpose program.

B. Modified version of DAPPER-1, line 03,
block 000000k, ,

C. Remainder of general ]’mrpose progranm.
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5. Read this magazine into the G-15D.
6. Initiate computation uéing OP code Xx+.

The following procedure is recommended for the modification of line 03 of
DAPPEB-].. :

1. Using PPR read the 6th tape block of DAPPER-1 into the
G-15D. This block can be ideniiified by the contents
of word 16. Word 03.16 = 0000004+,

2. Insert general purpose commands in the following
locations. O04-09, 11-15, 17-20, 22-56, 58-75, 77-80,
82-87. Do not disturb the contents of the following
locations. 00-03, 10, 16, 21, 57, 76, 81, 88-u7.

The loadsr sets up the exit from DAPPER-1 to the general purpose program
by modifying Ol.u3 as described above.

OP code entries are in line MO0, words 90 through u5. The loader should
destroy OP codes 1, 2, 3, 4 6, 7, w, and y by inserting & ring bell
command in each of the appropr:ate entry words. For convenience the same
command (92(90)01731) can be filled in each of the locations 91, 92, 93,
ok, 96, 97, u2, and ubk, The remaining OP codes (O, 5+, 8+ 9, ut, v+,
x+, end s are unaffected and can be executed by thé usual procoﬁ’ure.

ACTION BY: All personnel concerned
REFERENCE: (1) DA-1 Programming Manual

;"(2) Technical Applications Memorandum No. 21, dated
15 July 1957

REMARKS: None

PREPARED EY: Roy Keir # ,&5-, | 7 -/_



TECHNICAL APPLICATIONS MEMORANDUM NO. 2LA

6 Beptember 957

TITLE: INTERCOM 1000

PURPOBE: To provide operating instructions and complete information
on the use of this interpretive routine.

EQUIPMENT Arrmm: G-15A and G-15D
EFFECTIVE DATE: 6 Beptember 1957

INSTRUCTION:

A Double Precisioa Interpretive System has been developed by Bendix Computer
Division which will provide answers accurate to 12 decimal digits.

The coding and operating instructions differ from that of Intercom 101
considerably, however, every effort has been made to incorporate as many
suggestions as possible vhich were received from the users and aleo
incorporate those items which were thought to be beneficial in a rout-

ine of this type. The basic difference between this interpretive system
and Intercom 101 lies in the fact that in one, reading the complete program
will be in the memory of the machine, therefore, eliminating the need for
splicing the program into two sections such as the compiler and interpreter
blocks. Some of the advantages of this interpreter system over Intercom
101 dare as follows: '

1. In the double precision interpretive system all commands that can
be obeyed in a program can also be obeyed manually from the computer
and conversely. That is, all manual instructions that may be in-
serted from the keyboard are also possible as program commands in
the system. For example, there is & command that converts the whole
operating system to a decimal input for individual commands - & single
command is typed in and executed - or there is an "automatic" command
vhich converts the whole system into operating at high speed and pick-
ing up successive commands from the interpretive memory.
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2.

3.

10.

11.

12'

13.
1k,

15.

Any position in memory can be typed out in sexadecimal form or be
typed out in two word groups as a 1k digit floating decimal number.

All orders appear in memory as they appear on the programming sheets.

Subroutines written in standard machine language may be entered from
any position in a program. Return from the subroutine will be to the
proper place if the exit command of the subroutines transfers control

to line 00 word 47.

It is possible to modify any part of a command.

All computation can be correct to twelve decimal places.
The entire rouﬁine is stored in memory at all times.

The existence of two mark transfer commands and two return transfer
commands makes it possible to have two levels of subroutines besides

the main routine.

A program can be prepared on an off line flexowriter and read into
any line of interpretive memory.

The output of floating point numbers with exponents between 40 and
60 can be typed in conventional decimal form with the decimal point

placed automatically.

There are 1080 interpretive memory positions available excluding
subroutines.

The list mode provides a choice of the commands to be listed. By
setting certain extractors an operator can list commands with any

peculiar quality.
There are ten B registers available.

The fact that all controls are from the keyboard relieves the
operator of the burden-some use of the toggle switches.

Having double length B registers makes the routine more adaptable to
matrix operations. The i and j of aij can be modified separately
and tested for limits separately.

The coding for this system will be in the form of BOPSSTT:

B = Index Register (1 digit)
OP = Operation Code (2 digits)
SS = Line Number - (2 digits)

TT = Word Location in the line. (2 digits)
(In some instances SSTT will always be
.00 depending on the OP code.)



MEMORANDUM NO. 2LA ~3 - 6 September 1957

The program utilizes G-15 lines O through 8 thus making available 1080
words of interpretive memory, excluding subroutines.

The instructions for coding may take the form + BOPADDR where:

B = Index Registe. (1 digit)
OP = Operation Code (2 digits)
ADDR = Address (4 aigits)

Then the addressing can be sequential starting from Address 0900, through 1899.
By this method a programmer would not be utilizing locations u0 through u7 of
lines 9 through 18.

In this system all commands that can be obeyed in the program can also be
obeyed manually from the computer and conversely. That is, all manual
instructions that may be inserted from the keyboard are also possible as
program orders. For example, there is an order that converts the whole
operating system to a decimal input for the individual orders to be typed
in and executed or there is an "automatic" order which converts the whole
system into operating at high speed and picking up successive orders from
memory of the computer.

The orders in this system may refer to single precision operations which are

done in fixed point binary or they may refer to double precision floating

point decimal opera*ions. The result of the single precision operation are stored
in what is called the "A" register or single precision accumulator. The

results of double precision floating point arithmetic operations are stored

in the double precision accumulator or "AA: register.

The primary purpose of the single precision order is to handle B register
operations, however: operations with single precision orders are not limited
to this. In a general problem using B registers, then it is expected to do
the incrementation of the B register and the test of whether they have ex-
ceeded the limits or not by use of the single precision orders and by doing
binary fixed point arithmetic operations in the A register.

We wish to emphasize that this information is strictly preliminary and that
certain functions in the operation codes discussed in this memo is not final
until official notice is made. ' Even though we anticipate very little change
we wish to caution all users not to program a large library of routines
utilizing the codes contained in this memo.

In the following detailed explanation of orders note that the asterisk

is making reference to the fact that the order is single or double precision
depending on the sign of the order. All single precision orders are neg-
ative and all double precision orders are positive. Orders that do not
necessarily refer to single or double precision operations may be either
negative or positive. A description of each order follows:
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ARITHMETIC OPERATION

Absolute Value *0350000

The arder 350000 replaces the number in the "AA" register
by its absolute value. A negative number in "AA" is made
positive. A positive number in "AA" is unchanged.

Example:

The "AA" register contains the number -51.123456789645. .
After the order 0350000 1s obeyed, the "AA" register
contains the number ! 51.123456789645.

Clear and Subtract *BLOSSTT

The order OLOSSTT replaces the contents of the "AA" register
by the contents of addresses SSTT and SSTT+1l, with reverse :
sign. TT must be even.

Example;

Addresses 10.14 and 10.15 contain the number
51.123456789654k. After the order 0LO101k4 is
obeyed, "AA" contains-51.123456780654. The
contents of 10.14 and 10.15 are unchanged.

Subtract *#BL1SSTT

The order O41SSTT subtract the contents of addresses
SSTT and SSTT+1 from the contents of the "AA" register.
The difference replaces the previcus contents of the "AA"
register. TT must be even.

Example:

Addresses 10.14 and 10.15 contain the number
51.123456789655 and the "AA" register contains the
number 51.654987654321. After the order 41101k
is obeyed, the "AA" register contains the number
51.431530764667.

Clear and Add *Bh2SSTT
The order OL2SSTT replaces the contents of the "AA"

register by the contents of address SSTT and SSTT+1.
TT must be even.
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ARITHMETIC OPERATION (Continued)

Clear and Add (Continued) *BL42SSTT
Example:

Addresses 10.14 and 10.15 contain the number
51.123456789654. After the order 0L2101h is
obeyed, "AA" contains 51.123456789654. The
contents of 10.14 and 10.15 are unchanged.

Add : *BL3SSTT

The order OL3SSTT adds the contents of addresses SSTT
and SSTT+1 to the contents of the "AA" register. The
sum replaces the previous contents of the "AA" register.
TT must be even.

Example:

Addresses 10.14 and 10.15 contains the number
51.123456789654 and the "AA" register contains the
number 51.465987654321. After the order 43101k

is obeyed, the "AA" register contains the number
51.589L4LL4L397TS,

Multiply BULSSTT

The order OLLUSSTT multiplies the contents of the "AA"
register by the contents of addresses SSTT and SSTT+1l.
The product replaces the previous contents of the "AA"
register.

Example:

Addresses 10.14 and 10.15 contain the rumber
51.200000000000. The "AA" register contains
the number 51.300000000000. After the order
OLL101k is obeyed the "AA" register contains
the number 51.600000000000.

Divide BLESSTT

The order OLOBSSTT divides the contents of the "AA"
reglster by the contents of address SSTT and SSTT+1.
The quotient replaces the previous contents of the
"AA" register.

Example:

Addresses 10.14 and 10.15 contains the number

51. 400000000000 and tne "AA" register contains
the number 51.800000000000. After the order
048101k is obeyed, the "AA" register contains the
number 51.200000000000.
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ARITHMETIC OPERATION (Continued)

Store #BLOSSTT

The effect of the order OLIOSSTT is to store the contents
of the "AA" in locations SSTT end SSTT+1 replacing the contents
of SSTT and SSTT+1.

Example:

Memory locations 10.14 and 10.15 contain the
number 51.123456789465 and the "AA" register
contains the numter 52.987654321456. After

the order OL9101k is obeyed, locations 10.1k
and 10.15 contain the number 52.987654321456.

SINGLE PRECISION FIXED POINT ARITHMETIC

Absolute Value | +20350000
The order -0350000 replaces the number in the "A" register
by its absolute value. A negative number in "A" is made
positive. A positive number in "A" is unchanged.
Example:
The "A" register contains the number -1234567.
After the order 0350000 is obeyed, the "A"
register contains the number 1234567.
*
Clear and Subtract #-BUOSSTT

The order -O4LSSTT replaces the contents of the "A"
register by the contents of address SSTT with reversed

sign.
Example:
Address 10.14 contains the number -2345678.
After the order -0401014 is obeyed "A" con-
tains 2345678. The contents of 10.1ll are
unchanged.
Subtract | #%BL1SSTT

The order -OL1SSTT subtracts the contents of address SSIT
from the contents of the "A" register. The difference -
replaces the previous contents of the "A" register.
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SINGLE PRECISION FIXED POINT ARITHMETIC (Continued)

Subtract (Continued) *BL1SSTT
Example:

Address 10.1hk contains the number 1234567 and
the "A" register contains the number 8888888.
After the order 0411014 is obeyed, the "A"
register contains the number 7654321.

Clear and Add *BL2SSTT

The order -OL2SSTT replaces the contents of the "A"
register by the contents of address SSTT.

Example:

Address 10,14 contains the number 01000000
After the order 04L210.1k is obeyed, "A".
contains 01000000. The contents of 10.1k
are unchanged.

Add *BL3sSTT

The order -CL3SSTT adds the contents ¢f address SSTT to
the contents of the "A" register. The sum replaces the
contents of the "A" register.

Exampleas;

Address 10.1L4 contains the number 1234567 and the
"A" register contains the number 1111111. After
the order 0431014 is obeyed the "A" register
contains the number 2345678.

Store *BLUGSSTT

The effect of the order -OLU9SSTT is to store the contents
of "A" in location SSTT, replacing the contents of SSIT.

Example:

Memory location 10.1k contains the number 1234567
and the "A" register contains the number Tk32156.
After the order 04101k is obeyed, location 10.1k
contains the number 7432156.
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TRANSFER OF CONTROL OPERATIONS

Orders are normally obeyed in sequence. After an order located in
position SS.TT has been executed, the next order is taken from posit-
ion SS.TT + 1. The following operation codes make it possible to
interrupt this normal flow; that is, to transfer control to an order
not necessarily immediately subsequent. In some instarnces this trans-
fer of control is conditional upon the sign of the "AA" or "A" register,
in other instances it is not. These latter operations cause control to
be transferred to the order located in the address portion of the trans-
fer of control order itself, regardless of what the contents of any
particular register may be.

Unconditional Transfer B36SSTT

The order O56SSTT transfers control to the order located in
position SS.TT.

Non Negative Transfer #B20SSTT

The order O020SSTT transfers control to SSTT if the contente
of the "AA" register is non-negative. If the contents of the
"AA" register are negative, the next order will be taken in
sequence. ‘

Negative Transfer *B2ZSSTT

The order 022SSTT transfers control to SSTT if the sign of the
"AA" register is negative. If the contente of the "AA" register
are non-negative (>0) the next order will be taken in sequence.

Marked Transfer

There are two marked transfer orders which stores the address

of the location in which they are stored and transfers' control

to a new position in memory. Corresponding to these two orders
are two return orders which will return to the respective locat-
ion specified by the last marked transfer comnmand. This makes

it possible to have two levels of subroutine operation as well

as operation at the main level; that is, a ficrst marked transfer
can provide for a transfer of control to a subroutine and while

in that subroutine the second markéd transfer can transfer control
to another subroutine.

Marked Transfer "One" B26SSTC

The "Marked Transfer One" order is identical to the uncondit-
ional transfer operation, except that the location number is
stored in a special register not addressable by the programmer.
The purpose of the storage is made clear by the "return trans-
fer one" order. ’
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TRANSFER OF CONTROL OPERATIONS (Continued)

Marked Transfer "One" (Continued) B26SSTT
Example:

The order 0261877 is stored in location 11.13.
Upon execution of this order, the address 11.13
is stored in a special register and the next
order is obeyed from 18.77.

Marked Transfer "Two" B28SSTT
Operation of this order is identical to Mark Transfer "One".
Return Transfer "One" 0160000

The order 160000 transfers control to the order located
immediately subsequent to the last Marked Tiansfer "One".
This order is meaningless unless preceded sometime in the
program by a Marked Transfer "One" order.

Example:

If a sequence of orders (not including a marked
transfer "one") is obeyed followed above example,
the order 160000 returns control to the order
located in address 11.1h,

_ Return Transfer "r'wo" 0180000

The order 0180000 transfers control to the order located
immediately subsequent to the last Marked Transfer "Two".
This order is meaningless unless preceded sometime in the
program by a Marked Transfer "Two" order.

Exit to a Subroutine BOBSSTT

Subroutines may be written in machine language and stored in
lines 09, 10 through 18. Entry to these subroutines can be
made by giving the command OO8SSTT where 8S equals the line
in which it is stored and TT equals the entry into the sub-
routine.

Example:

Find the square root of x. x is stored in 09.14-15.
The square root subroutine is stored in line 14 and
the entry to the square root routine is u5. Two
orders will have to be given as follows:

1. 0Lk20914 clear and add x into "AA"
2. 00814u5 exit to subroutine

jhe routine will exit to the subroutine, get the

x and return to the desired place in a routine,

if in automatic, or to manual, if in manua) with the
square root of x in "AA".
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INPUT OPSRATIONS

in Decimal Numbers B24,SSTT

The computer responds to the order 024SSTT by typing ESTT
followed by a tab., This indicates that the computer is
prepared to accept a 1), digit floating point number in lo-
cations SS.TT and SSTT+l. TT must be even.

The operator now types his floating point decimal numbter in
the format: dd.dddddddddddd sign followed by tab "s'".

The computer converts this number and places it in the in-
terpretive memory. It then returns the carriage and types
SSTT+2. Again the computer is ready to accept either another
number followed by a tab "s" or an order followed by tab,
slash "s", If an order is typed followed by a tab, slash "s"
the computer will execute the order and return to the manual
input state. (See page 13, Control Operations, Manual).

in Orders or Single Precision liumbers -BLSSSTT

The computer responds to the order -OL45SSTT by typing SSTT
followed by a tab, This indicates that the computer is
prepared to accept information in the designated location.

The operator then types an order or a single precision number
followed by tab "s".

This input goes through no conversion routine, therefore the
exact "type in" is stored in SSTT.

After the computer stores the input, a carriage return is ex-
ecuted and the next location number is typed in the left hand
margin. The computer is again ready to accept input.

If it is da2sired to change modes of operation, type an order,
a tab and the slash "s". The routine will execute the order
typed immediately before the slash. The ring of the bell
signals the return to the manual input state.

Paper Tape ' B785500

The order 076SS00 initiates the process of reading a punched
tape into consecutive locations of line SS starting at word
00. If in the "automatic" mode, computation can continue
until an input or output order is reached.
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OUTPUT OPERATIONS -

Type and Tab #B328STT

The order 032SSTT causes the contents of SSTT and SSTT+1
to be typed in floating decimal form, followed by a tab.
TT must be even.

Type and Carriage Return #B3LSSTT

The order 034SSTT causes the contents of SSTT+SSTT+1 to be
typed in floating decimal form, followed by a carriage re-
turn., TT must be even.

Type Fixed Point B33SSTT

The order 033SSTT results in the type cut of a floating
decimal number located in SSTT and SSTT+1l in fixed point
notation with the decimal point automatically positioned.
A number whose exponent is not between LO and 60 will be
typed, but the type out will be of no significance. If

it is anticipated that a routine will generate answers
whose floating point exponents are not within this range,
it is advised that the routine be written for type outs

in floating point. This can be accomplished by using one
of the orders B34SSTT or B32SSTT which are explained above.

Fix Format B30SSTT

The arder 030SSTT provides for the automatic positioning of
the typewriter carriage by the execution of a specified
number of carriape returns followed by a specified number of
tabs., The address digits of this order are a code indicating
the number of tabs and carriage returns to be executed. TT
will equal the number of CR and SS equals the number of tabs.
TT should never exceed 3l.

Memory to Paper Tape B79SS00

Any line of memory may be punched on paper tape upon execu-
tion of the order 079SS00 where SS designates the line to be
punched. When the order is executed line SE is transferred
to line 19 and punching begins. If in the "automatic" mode
computation will continue until another input or output is
reached, '
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CGNTROL UPSRATIONS

Manual -0570000

Upon execution of -0570000% a mode is set so that one order
at a time can be typed and executed., Every routine should
have this for the ending command.

Automatic «059SSTT

Upon.execution of the order ~059SSTT, computation will begin
at high speed beginning with location SSTT. The computer will
continue to execute orders in this mode until an order is
obeyed that transfers control to "manual" operation,

If the operator desires to break into the routine at any time,
he should place the compute switch in breakpoint position,
When the machine halts, with compute off type the "f" with
enable on, This will return the system to a mode in which
one order can be typed in and executed, Upon execution of
this one order, the system will automatically return to the
point in the routine where it left off and continue operation
from there.

Set Selective Print «0290000

The order -0290000 sets a mode that provides for certain type
outs upon exscution of the "Automatic" command. The type outs
will occur when control is transferred to automatic. .The type
outas are the location, and order and the rosult of the execu-
tion of this order. These type outs are detormined by the
contents of memory positions G8.82 and 00.£3. In this mode a
portion of cach order is extracted as determined by an extractor
(contents of 03.83) and is compared to a code (contoents of 00,82),
and if these agree thon tho appropriate order is to be 1listed,
This is accomplished by setting a program switch which says "sot
1ist", If the extract portion does not agree with tho codeu then
the ordor will bo executed without any typing. This makoe it
possible to list any order in & routine. _

Extractor Cudo
Line OLuzZeLY LLOGGLO
Word Ot 04, SOy
OP Code O 20000 . G OTT Lo
B Rorister 2.0000VV TONOLOU

# When an ordor requires no spociflic referonce to an addross in the
operating momory, 0000 1o writton in thoe addreso portion.
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CONTROL OPERATIONS (Continued)

Set Selective Print (Continued)
Example:

To type out all orders with OP Code = 49 store
0220000 in 08.83 and OLYOOOO in 08.82, give the
order -0290000, and the orden -0591023. Compu-
tation will begin at location 10.23 and list all
orders with OP = k9,

Remove Sélective Print -0310000

The order -0310000 removes the list mode so that
computation will continue at high speed.
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G-15D OPERATING INSTRUCTIONS

I Loading Procedure

1. Place the Intercom 1000 magezine on the prhoto reader in the
rewind position. The first block is the loader.

2. Strike the "p" key with enable switch on.

3. When reading stops place the compute switch in the "GO" position,

k, The photo reader willirecd theflentirej program:.' When’reading is
completed & bell will ring with the input-output lights in the
slow in configuration (input-output lights) or 00000. The

program is in MANUAL. Compute switch should be left in the
"GO" position.

5. At this point 1080 interpretive memory locations are available;
excluding subroutines.

6. If subroutines are required they can be read into the memory at
any desired location. (See Section III)

II Operﬁting Modes
There are three operating modes when usiﬁg this routine:
1. Manual
2. Manual type-in

3. Automatic

The manual mode can be selected at any time by striking the "f" key with
enable switch "ON" and placing the compute switch back to "GO".

The manual type-in mode can be selected by inserting the instruction for
typing in commands or numbers if the machine is in the mode 1.

The automatic mode is selected by an instruction when a program is to be
executed automatically.

Occasionally it is desired to have the computer execute particular
instructions rather than to store the instructions in memory. If the
instructions should be obeyed then the instruction should be typed,
followed by a "tab /s" rather than typing the instruction and "tab s".

When commands are being typed, preceeding zero's do not have to be entered.

NOTE: By use of the above modes of operation each instruction can hbe
executed independently or can be stored in memory for autcmatic

computation.
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G-15A OPERATING INSTRUCTIONS

IA Loading Procedure

1. Place the Intercom 1000 magazine on the phcto reader in the
rewind position. The first block is the loader.

. Strike the "p" key with enable switch on.
. When reading stops strike the "f" key with enable switch on.

. Move the command line switch to line 19.

2

3

4

5. Move the compute switch to B.P.

6. Move the compute switch to idle.

7. Move the command line switch to center position.

8. Move the compute switch to "GO".

9. The photo reader will read the entire program. When reading is
completed a bell will ring with the lnput-output lights in the
slow in configuration (input-output lighte) or 00000. The program
is in MANUAL. Compute switch should be left in the "GO" position.

10. At this point 1080 interpretive memory locations are available;
excluding subroutines.

11. If subroutines are required they can be read into the memory at
any desired location. (See Section III)

IIA Operating Modes
There are three operating modes when using this routine:
1. Manual
2. Manual type-in
3. Automatic

The manual mode can be selected at any time by striking the "sf" key with
enable switch "ON" and placing the compute switch back to "GO".

The manual type-in mode can be selected by inserting the instruction for
typing in commands or numbers if the machine is in the mode 1.

The automatic mode is selected by an instruction when a program is to be
executed automatically.

Occasionally. it i.s desired to have the computer execute particular
instructions rather than to store the instructions in memory. If the
instructions should be obeyed then place the compute switch "OFF", put the
enable switch on and strike "sf" and then move the compute switch to "GO"
and type in the instruction followed by "tab s".
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III Use of SBubroutines

Various subroutines are available for use in Intercom 1000. In general,
the following information will allow one to utilize those subroutines.

1.

2.

Btorage. A subroutine may be stored in any part of the interpretive
memory (lines 09 through 18) at the option of the programmer.

Exit to Subroutine. The following programming steps are required
upon exiting to a sudbroutine:

b.

C.

The argument is placed in the AA register (address 21.00).

The command effecting the exit to the subroutine is then
given, It is of the form:

B 08 ADDR

The first two digits of the address indicates the line in
which the subroutine is stored, and the last two digits
the entry location of the subroutine. (Bee list below of
entry locations of subroutines which havefalready been
completed). :

The output of the subroutine, that is, the result of the
operation performed by the subroutine, will be in the AA
register,

Subroutine entry locations:

' a. Bquare Root . ¢« ¢« ¢« ¢« ¢ ¢ + + o U5

b. Bine-cosine
Bine (radians). « . « « « « . o W2
Bine (degrees). . . « + « « « +» 39
Cosine (radians). . . « . . » . 26
Cosine (degrees). . . + « + « « 23
c. Exponential functions

lox . [ . [ ] . . * L[] . 0 L] ° L] . 72

2x . ‘. . L] L] . L] [ ] L] Ld L] . . L] 08

d. Logarithms
Loglox- e & @ 8 & 9 o s & o o 0 71
Logex T R N R i 4

x.............Oa

Ioga
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IV B Register Operations

The function of a B register is to atuomatically modify the address
portion of a command. Any time a B register is named in a command the
address portion of that command will be modified by the contents of the
B register specified. This effects no permanent change to the command
jtself but has the result of modifying this command during its execution.

All B registers are made up of two words as is shown on Appendix I.

It should be understood that both words are added to a command any time .
a B register is named in a command, therefore, it is important for the
programmer to know the contents of both sides at all times.

Having each B register occupy two words gives the programmer the
opportunity to modify either 8S or TT of a command and test either

against a limit,

Constants for B register settings are not stored in their decimal form.
The following simple procedures outlines the method necessery to arrive
at the desired setting.

1f it is desired to set B register "4 equal to N for modification
of the 88 portion of the address proceed as follows:

oN . R
15 Qs 16

The desired setting to be stored in either 07.52 or 07.53 is "OOOOQRO".
If either werd of a B register is not used be sure that it is set to
zero before the other side is used. A suggestion for keeping up with
these seetings is to always set TT in the even word of the two word
register and 8S in the odd word of the B Register.

If it is desired to set a B register equal to N for modification of
the TT portion of a command proceed as follows:

N . R
ST 13
The desired setting to be stored in 07.50 or 07.51 is "CRO0000" where
R moy Gaual 2 through e, ¥ v, v, f x, 1y, "z, (v, v, W, X, Y, z-equals
10, 11, 12, 13, 14, 15 respectively) and 0%4Q%6. It will never be
necessary for Q to be larger than 6 since TT can never to incremented
by more than 107.

To assist one to follow the use of this routine Technical
Application Memorandum, Evaluation of Polynomial is attached as
a guide:
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SUMMARY
ARITHMETIC OPERATIONS TRANSFER OPERATIONS
#35 Absolute Value 36 Transfer Control
#4,0 Clear and Subtract #20 Transfer Positive
#41 Subtract +#22 Transfer Negative
#4,2 Clear and Add 26 Mark Transfer (1)
#y3 Add 28 Mark Transfer (2)
LL Multiply ' 16 Return Transfer (1)
48 Divide 18 Return Transfer (2)
#49 Store 08 Exit to Subroutine

ADDRESSABLE MEMORY

Interpretive Memory Line 9 through 18
Double Precision Accumulator "AA"  21,00-01
Single Precision Accumulator "A" 22,03

B Registers  07.46-65

# Single or Double Precision

6 September 1947

INPUT OPERATIONS

2L Type in Double Prec. Numbers
L5- Type in Commands

78 Read Punched Tape

OUTPUT OPERATIONS

#32 Type and Tab
33 Type Fixed Point

#3); Type and Carriage Retwurn
30 Fix Format

79 Punch Tape

CONTROL OPERATIONS

57- Mamal
59
29
31

Automatic

Set Selective Print

Remove Selective Print

A1l Single Precision Operations are initiated by the execution of negative
commands; &1l Double Precision Operations are initiated by the execution of

positive commands,
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EXAMPLE FOR INTERCOM 1000 For G-15D

1. p key with enable switch on, photo reader reads first block (loader)

2. Compute switch to GP, progrem will be read into memory. When reading is
a bell will ring. Leave the compute switch ON.

3. 450900-tab s (Command to set up manual type in of commands)

9.00 421300
9,01 431300
9.02 441500
9.0) 342100
9.04 332100

See explanations for commands

®w nouoono

completed

v.05 570000- s

9.06 241300 /s To type in numbers tab /s is required so that this instruction
13.00 53.100000000000 s will not be stored. I1f the instruction is to
13,02 241500 /s be stored then tab s. etc.

15,00 52,100000000000 s
15.02 590900- /s

54.200000000000
2000.00000000

EXAMPLE FOR INTERCOM 1000 For Q-ISA

1. p key with enable switch on, photp reader reads first block (loader)

¢. { key with enable on, command switch to L19, compute switch to BP, command switch center,

Co. .:te switch to G®. When reading is completed program in manual,.
switch ON,

3, 0450900-tab s (Command to set up manual type in of commands)

9.00 04213G0
v.01 0431300
9,02 341500
2.03 8342100
9.04 0332100
9.05 057C000- 8

9.06 Cowpute Switch off, enable awitgh on type "af; compute switch to GO.

raeturn to manual.

® n 6 o6

0241300 s
13.00 53.100000000000 s
13,02 sf sce above saquence 0241500 s
15.00 52.100000000000 s
15.02 sf see above sequence 0590900~ s

54 ;200000000000
2000.00000000

Leave compute

Program will
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CHECK SUMS
G-15D G-15A
48w173x Loader . 3045252 Loader
-.6v69TUY Line 2 .23yw593 Line 0
- XXOwOxk Line 3 ' -.4889xu2 Line 2
.w606581 Line 4 ' -.wxz1415 Line 3
- uwz85ww Line S .wb06L21 Line 4
.9141y03 Line 6 -.y8278uy  Line 5
-.6y73350 Line 7 .9141y03 Line 6
.6286647 Line 8 -.58x12v0 Line 7
= 2yxzbwv Line O - T3vOWTy Line 8
-.3zw8226 Square Root -.1199ww8  Square Root
.8729x80 Sine, Cosine -.0120544 Sine, Cosine
-.6w70532 eX, 10X, 2% .18x22x2  eX, 10%, 2%
-.ubkbuyzu Logex, Logjgx .863x029 Logex, Log,qx,

Logox Logox
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REFERENCES: Technical Applications Memorandum No. 24

REMARKS: Note that the G-15A and G-15D version of this routine are
identical, except for the operating instructions which are
on page 1A,

Tapes punched by Intercom 1000 for the G-15D and G-15A are
interchangable.

PREPARED BY: Bendix Computer Division

APPROVED BY: T. Yamashite

9-6-57
b1
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B REGISTERS LOCATIONS
1 07.46-L7
2 07.48-L9
3 07.50-51
I 07.52-53
5 07.5L4-55.
6 07.56-57
7 07.58-59
8 07.60-61
9 07.62-63
u 07.6L-65
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APPENDIX II

6 September 1957

Furnished with the INTERCOM 1000 tape are a number of subroutines written in

machine language.
the needs of the users.

It is realized that these subroutines will not satisfy all
The following information will be of value to users

who have sufficient need to warrant coding of machine language subroutines
to be used with INTERCOM 1000.

I. Floating Point Arithmetic Subroutines within INTERCOM 1000

A,
B.
C.

D.
E.
F.

Storage - Line Four
Execution - Line One

Word Position

Entry - Clear and Add L2
Adc L3
Clear and Subtract Lo
Subtract. L1
Multiply LL
Divide L8
Absolute Value 35

Accumulator - 21,00-01
Operand - IDg 1
Exit - Line ﬁ; Word 50

II. All "user" prepared subroutines should be executed from Line One.

III. Upon exit from a subroutine store 3L3L2vz (G-15D) or 3L3L29z (G-15A)
in Line Four, Word 50 and finally transfer control to Line O, Word L7.

SUMMARY :

To use one of the floating decimal subroutines built into INTERCOM
1000, use 21.00 - O1 for the accumulator and IDg j for the location of

the operand.

into line one for execution.

Store an exit in line 4, word 50 and transfer line 4

The exit from the subroutine should
transfer the "user" prepared subroutine into line one where execution
will continue.

The "user" prepared subroutines should exit by storing 34342vz (G-15D)
or 343429z (G-154) in word 50 of line l before finally transferring
control to line O word 47.
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TECHNICAL APPLICATIONS MEMORANDUM HO. 2LA
1 November 1957

TITLE: INTERCOM 1000

PURPOSE Part I Automatic "B" Register
Part II Card Input-Output Routine
Part III Flexowriter Input Routine
Part IV Tape Format Modifier
Part V Revisions to Intercom 1000
Part VI  Debugging Procedure for Intercom 1000
Part VII Intercom 1000D - Check 8Bums

EQUIPMENT AFFECTED:  0-15D

EFFECTIVE DATE: 1 November 1957
INSTRUCTION:
PART 1

AUTOMATIC INDEX REGISTER SUBROUTINES

Instructions: With the addition of the Automatic Index Register
Subroutine, INTERCOM 1000 (G-15D) includes twenty sets of index
regleters which provide a simple means of mcdifying the address
portion of any order before it is obeyed. This enables certain
orders in a sequence to operate on the contents of different
memory locations each time the sequence is repeated. Furthermore,
these index registers provide a means for the transfer of control
after a sequence of orders has been repeated a specified number
of times. The three registers in each set "k" are called B(k),
D(k), and L(k) where k is an integer in the range from 1 through
9 and u(10) designates the set to which they belong. Numbers in
the index registers are not in floating point form.

Ten sets of index registers are used to modify the last two

digits (TT) of the address portion of a command. In the discus-
sion to follow, these index registers will carry the subscript (T),
i.e., By, Dp, and Ly. The four commands that are used to modify
the TT portion of a command are:
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x op ADDRESS

k 70 00TT Set Bp register
k . O00TT Set Dp register
k 72  O0OTT Set Lp register
k 76  SSIT Increment Bp register

The "SS" portion of the first three commands is of no significance.

The other ten sets of index registers are used to modify the first
two digits (SS) of the address portion of a cormand., In the dis-
cussion to follow, these index registers will carry the subscript
(S), i.e., Bg, Dg, and Lg. The four commands that are used to modify
the SS portion of a command are:

k opP ADDRESS

k 73 S500 Set Bg register
k N SS00 Set Dg register
k 75 SS00 Set Lg register
k 77 SSIT Increment Bg register

The TT portion of the first three commands is of no significance.

A detailed description of the commands k7000TT, k7100TT, k7200TT and
k768STT follows, The description of the commands k735500, k7LSS00,
k758500 and k77SSTT would be a repetion since these commands operate
in exactly the same manner as the first four,

B REGISTERS

The index register B(k) is used to store a number which is
added to the address of an order, before the order is obeyed,
if the first digit in the command is (k). The order itself
i1s left ummodified in the memory,
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EXAMPLE: The index register Bp(3) contains the number 18 and
Bg(3) contains 00. The command 0421720 replaces the contents

of the AA register by the contents of address 1720. The order
3421720 replaces the contents of the AA register by the contents
of address 1738. That is, the number 18 in index register B(3)
is added to 1720, the command address, before the order is
obeyed. The order 3421720 remains in memory.

D REGISTERS

The index register D(k) is used to store a number which may be
added to the contents of index register B(k).

L REGISTERS

The index register L(k) is used to store a rnumber which limits
the range through which the contents of the index register B(k)
can be modified through successive additions of the contents

of the index register D(k). A more detailed description follows.

Set Bp Register k7000TT

Th? gommand k7000TT places the number TT in the index register
Bp k).

Example: After the command 37000ué is obeyed, index register
Bp(3) contains the number ub.

Set Dp Register k7100TT

Th? ;ommand k7100TT places the number TT in the index register
DT k L

Example: After the command 4710028 is obeyed, the index register
Dr(4) contains the number 28.

Set LT Register k7200TT

The command k7200TT places the number "TT" in the index register
Lp(k).

Example: After the command 6720003 is obeyed, the index register
LT(6 contains the number 03.

Increment By Register k76SSTT
The command k76SSTT initiates the following sequence of events:

1. The number in Dp(k) is added to the number in
Br(k) and the results placed in Bp(k).
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2. If the new contents of Bp(k) are less than or
equal to the number in Lp(k), control is trans-
ferred to the command in address SSTT.

3. If the new contents of Bn(k) are greater than
the number in Lp(k), the next order in sequence
is obeyed.

Example a: Bp(1l) contains 00; Dp(l) contains 02; Lp(l) contains
10; Bg(1) contains 00; location 1320 contains the command 1761L3L.
After this order is obeyed, the index register BT(l) contains 2.
Since this is less than the number 10 in LT(l), control is trans-
ferred to the order in 143L.

Example b: BT(l) contains 10. Other conditions as in Example "a"
after the order 176143k in location 1320 is obeyed, the index
register Bp(l) contains 12, which is greater than the contents

of Lp(1); therefore, the next command comes from locatior. 1321.

It is important to remember that anytime an index register (k) is
named in a command this command will be modified by the contents
of the Bp register and the By register.

The double index registers can be used to sum all of the numbers
in Line 16 and Line 17. The following program is prepared as an
example of the use of double index registers.



EXAMPLE

« LOS ANGELES 45, CALIFORNIA Page — of —
INTERCOM PROGRAM Prepared by D, Hasgeld Date: 1l=1-
PROBLEM: ____ Lines 16 and 17 Line: 2L
S T =m========—__—_-=_—%
NOTES Location|| K [P o | Address | (A) or (AR)
Clears MAA" 1400 L2 |1k ] uo o]
Set Bp 401 |1} 70 {00 ¢ OO
Set Dy 1ho2 fl2 ) 70 Joo ! 02
Set Ly 1403 Pl 72 |00 ! w6
Ss% Bg ol 1| 713 {co ! oo
Set, Bg. | 05 f|2 | 74 |O1L ! 00
Seb Lg ko6 L | 75 |or i 00
Before reaching Jli09 300 eThy 107 |1 | 13 [16 |00
Increment Bl' 0t ll 76 |14 ! o7
Rejet Bp = O 14079 |1 70 |00 | 00
Insrement By 110 1|77 | ior
Type AA = 111 33 |21 100 Final
Retura to Manual U2 57 |00 ! 00 |-

BCD
Form
108.12

T I n TRy Iy -iivn Siowiappiy Fupunpiney K S B P J e e e B [ T Lo e B . L [Sywipigly Fiupwpon Py
—_—




SUPPLEMENT NO. 1 -6 - 1 November 1957

Restriction on the use of the subroutine:
1. O£ TT g ub
2, 0£8S5£31
3. The routine must be stored in Line 09.
he The routine is applicable to the G-15D only.

Any of the index registers may be modified using fixed point single |
precision arithmetic. The location of each of the registers is listed
below, -

LOCATION OF INDEX REGISTER

Dp Ly Bs Dg Ls

07.l6 09,50 09,51 0O7.4L7 09,80 09.8%.
07.4l8 0%9.52 09,53 07.L9 09.82 09.83
07,50 09.54 09.55 07.51 09.84 09.85
07.52 09.56 09,57 07.53 09.86 09.87
07.5L 09.58 09.59 07.55 09.88 09.89
07.56 09,60 09,61 07.57 09.90 09,91
07.58 09.62 09.63 07.59 09.92 09.93
07.60 09.6h 09.65 07.61 09.94 09.95
07.62 09,66 09,67 07,63 09.96 09.97
07.64 09.68 09,69 07.65 09,98 09.99

to
-3

£ Voo OnEwN x

PART II
CARD INPUT-OUTPUT SUBROUTINE

With the addition of the card input-output subroutine for INTERCOM
1000 (G-15D) data can be read from IBM cards or punched on IBM
cards, An IBM model 026 card punch and Bendix Computer Accessory
CA~l will be required to perform the above operation,

This subroutine must be stored in Line 10, This can be accomplished
by executing the INTERCOM 1000 command 78 1000,

Read in Operation:

The input routine is designedi to read four double precision float-
ing point numbers, in the form of sign, 2 digits (characteristic)

and 12 digits (mantissa). These four numbers should be placed in

card columns 3-17, 2135, 39-53 and 57-7T1,
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The read program card for the 026 should be adjusted to fit the
data cards. The requirement for the read program card are as
followss

1. Corresponding to a field on the data card, there should
be a.leading 2-punch (tab) two columns before the field,
and a foilowing 2-punch in the last column of the field,

2, There should be skips (single ll-punches, followed by a
series of 12-punches) where necessary, through the second
column preceding a leading 2-punch, and beginning the
next column after the following 2-punch.

3, If more than two numbers are to be read, a l-punch (reload)
should precede the control punches of the next to last
field, See NOTE page 8.

Read Data Card

The command 0081005 will cause the reading of one IBM card and will
store the data, The first number is stored in Address 10.52,53;
the second in 10,84,55; third in 10,56,57 and fourth in 10.58,59.
First card should be registered in the read station prior to this
command,

Punch Out Operation

The output routine is designed to punch on to IBM cards the infor-
mation in the "AA" register. The number will be punched in the
form of sign, 2 digits (characteristic) and 12 digits (Mantissa).

The punch program card should be prepared and inserted to the
026 prior to punching., Blank 15 coiumn fields should be allowed
in which the numbers are to be punched. The punch program card
contains skips in all other columns.

In order to insure opportunity for the operator to change the
program card in the 1BM 026 between reacing and punching opera-
tions, a halt command is available in the subroutine. 1Yo resume
operation place the compute to idle then back to GO.

Punch on Card

The command 0081020 will cause a halt in a program to change a
read--program to a punch program card,

The command 0081010 will cause the punching the contents of the
MA" register in a card field prescribed by the punch program
card, 'The first card must be registered under the punch station,
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NOTE:

If it is desired to read fewer than four numbers per card, "n",
the number to be read per card sgould be stored as a hexadecimal
constant at a scale factor of 2<° in location 10.72 of the card
input-output subroutine. For example 0300000 should be stored

in 10.72 -if three numbers are to be read from the card. Likewise,
the "read" program card should be adjusted to correspond with the

data card.

PART III

FLEXOWRITER INPUT SUBROUTINE

The Flex Input subroutine is written so that floating decimal
numbers can be punched on a paper tape by an off line flexowriter
model 3L-S and read in by INTERCOM 1000, converted and stored in

Linell.......,17or18.

" This subroutine must be stored in Line 10. It used 50 word
position, namely, 0O thru LS.

The entry to this command is OO810TT where TT is equal to the
Line (11, 12, « « +, 17 or 18) in which input is to be stored.

Floating decimal numbers should be prepared in the following
format: : :

(tab) EEDDDDDLDDDDDD (sign) (tab) (tab) EEDDDDDDDDDDDD (sign) (CR)
/(tab) EEDDDDDDDDDDDD (sign) (tab) (tab) EEDDDDDDDDDDDD (sign) (CR)

/(tab) EEDDDDDDDDDDDD (sign) (tab) (tab) EEDDDDDDDDDDDD (sign) (CR)
s (end of block)
NOTE: It is necessary to type sign of 1egative numbers only.

All blocks should contain less than 55 floating decimal numbers.
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PART IV '

TAFE FORMAT MODIFIER

The INTERCOM 1000 tape which makes reference to this supplement
incorporates charges as outlined in Part V. These changes make
the routine more powerful than the preliminary version. One
basic change makes the routine approximately 50% faster when in
"Automatic"”. Due to this change, tapes prepared by the
preliminary INTERCOM 1000 cannot be read into the memory

properly.

The use of the FORMAT MODIFIER will emable the read in of tapes
prepared by the preliminary version. The method by which this
can be accomplished follows:

1. Mount the tape format modifier on nhoto-reader.

2. Siriko "p" key with enable on., (One block will be read)
3, Mount tape to be modified on photo-reader.

. Move compute switch to BP.

5. The computer will read one block, modify, and punch out a
new tape '

6. Move the compute switch to idle and back to BP. Another
block will be read, modified and punched out, etc.

7. The modified tape can then be read into INTERCOM 1000.

NOTE:

A series of tests are.made for floating point constants to pre-
vent their conversion. There is a chance that these tests won't
work for every case. Therefore, it is advised that a check be
made of all constants on the modified tapes.
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PART V

REVISIONS TO INTERCOM 1000

1. Variable length Input (Floating Decimal Numbefs)

Input of floating decimal numbers has been simplified by
permitting the operator to type the significant digits of
a floating decimal number only.

Example: To type in and store 51,123000000000 it suffices
to type 51.123 tab s.. The number will be converted, stored,
reconverted, and typed out as 51.123000000000. To store
zero type tab s and computer will respond by storing a sero
in the designated location and typing back 50.000000000000.
If an error is made before typing the tab s, the full
fourteen digits must be typed.

2. Arithmetic Subroutines

a) The entries to all the arithmetic subroutines are the
gsame as those described in Technical Memorandum 2LA.

b) The following error halts and corrections have been
made.

(1) Division by zero results in thé followings

£{. Rings bell

/A, Halts on line L. (If the compute switch is
get to idle and then to GO, execution of commands

will continue.)
(11) To find source of error after Halt.
. With compute on idle and enable on, type scf.

A Put compute t0'00 and type -290000 to start
selective print of the last command obeyed.
This should point out the source of error.

¢) Overflow. (When the reigét of a computation produces
a result greater than 2°$Y). See 2b.

d) Underflow. (When the_result of a computation produces
a result less than 2-129),

A zero will be placed in the "AA" register and computa-
tion will continue.



SUPPLEMENT NO. 1 -11 - 1 November 1957

3.

5.

Additional OP Codes
a) Return to Auto (RTA) =0"60"0000

The computer will respond to the command ~-0600000 by
starting computation on automatic at a point determined
by the setting of the command counter.

This command is very useful when an operator desires to
halt computation, transfer to manual and make several
corrections. The operator doesn't have to know where he
stopped computation to return to.automatic at the correct

place.
The address portion of the command is of no significance.
b) Ring Bell -0"33*0000

The operator responds to the command ~0330000 by ringing
the bell one time. The address portion of the command
is of no significance.

¢) (When INTERCOM 1000 is loaded on GO)

1) K 7000TT Set B
2) X 7100TT Set Dp
3) K T200TT Set Lp
L) K 735500 Set By
5) K 7LSS00 Set Dy
6) K 755500 Set Lg
7) K 76SSTT Increment By
8) K T7SSTT Inzrement Bg

NOTE: For full description of above see Part 1 of this:
Supplement.

When on Selective print the contents of the "A" register will
be typed every time a negative command is typed.

Computation speed has been increased by approximately 80% or
90% over its initial speed.
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6. Type in Commands:

The computer will respond to the command -kU5SSTT by typing
SS.TT and setting type in. The operator types the command
to be stored (BOPSSTT) followed by a tab s. The computer
converts the command, types it in the format BTTOPSS, stores
it in the designated address and types BTTOPSS followed by a
carriage return.

Using the (-USSSTT) command, a fixed point sexadecimal number
(D1D2D3DhD5D6 ) must be typed in the format (D;D,DsDg DZD2D3).

The computer wzll convert the input and type it out :I.n
converted form (DyDD3DDsDgD7).

7. Loading instruction
a) Hit p with enable on and compute switch OFF
b) Put compute switch to GO (1) or BP (11).

(1) Intercom 1000 plus the Automatic Index Register
subroutine will be read into Lines 2, 3, 4, 5, 6, 7,
8, 9, and 0. "Op" codes listed under 3c a.bove are

valid .

(11) When reading halts, with compute switch OFF and
enable on hit f. The bell will ring signaling the
completion of read in. “Op" codes lieted under 3c
above are invaliid,



Type In
Y
Dump
Yy
( )-——#No Type or Read in Data
Data In .
v Yes ]
RUN ON "AUTO" e 2
—
Yes - _No _
In a Loop? Go Through To End
 No y Yes
1. Ch. for division Qre Ansvers Correct
by zero
2. of negative # y Mo
3. Invalid OP Code 1. Set code 0200000
2. Set Extrac OyCO000
\ | 3. Set Sel.Print Mode
-290000
Yos /o L. Set Auto (-595577)
Errors Discovered) Listing will be a
y_No flow of routine
1. Place Compute Switch ‘}
OFF
2. Enable on "scf" Anal - Reset Initial
3. Compute Switch GO halyze ¥low Conditions
. Set sel. print -290000 ¥
|5 last command obeyed Yes )
plus sequence of Flow Correct
commands listed y Ne
A1l FMark &
Returns ,321.1‘6“ _}—-&)—’4 Make Correcticns
y Yes ) A 4 A
' No
No Y rInput Data Correct}
/—'< OP Codes OK ) * Tou
Yes ' -
Y No 1. Set Code (0LOOOCO)
CB Registers Used )"\ P, Set extractor
Yes (0200000)
N 3., Set auto listing
K(Is TT >u8, SS > 31 ) of all arithmetic
commands
‘ Yes i’
List Pr,:gram i C Error Discovered ) es -/
- y
No Ck Comp Approach )
( Errors 1 & Problem Statement
l Yes
Yvy _J

PART VI

DEBUGGING PROCEDURE FOR INTERCOM 1000




SUPPLEMENT NO. 1

- 1 -

PART VII

The Intercom 1000D program consists of two tapes:

1) Basic Package
These tapes should contain the following check sums:

INTERCOM 1000D

1 November 1957

INTERCOM 1000D - CHECK SUMS

2) Subroutines

INTERCOM 1000D

Basic Package Subroutines

.hox7633

.Ouuvw6 -.15uw95z Flex Input/S8q. Rt.
-.u665054 .8729x83 8in/Cos

. 8919228 -.6w70532 eX%, 2%, i0%

-.330tvy8 -.ubbuyzu  Logex, Logjp¥%, Logax
-. 3354305

 yTwolet ux7vo86 Card Input

< Bwdy63x -.6yy72zh © Tape Format Modifier
.vT256uy

. SwhusS9u

.6822021

ACTION BY: All personnel concerned.
REFERENCES: Technical Applications Memorandum No. 2lA.

REMARKS: Tapes will be sent to all G-15D installations approximately

15 November 1957

PREPARED BY: D. Hassell and T. Yamashita

APPROVED BY: T. Yamashita ; /
\] atnd (e

/



TECHNICAL APPLICATIONS MEMORANDUM NO. 25

27 August 1957

TITILE:s Flow Diagramming for the 0-15 Computer

PURPOSEs To introduce the Bendix Template and to indicate some rules to
follow when using the template

EQUIPMENT AFFECTED: A1l
EFFECTIVE DATE:s 27 August 1957

INSTRUCTION:

Flow diagramming has always been of enormous help to engineers, programmers
and others who believe in planning their problems in advance. 8ince with
this memorandum the Bendix Flow Charting Template is being introduced, it ie
intended to present a set of rules, which would be of assistance when using
the template, Thus flow diagrams made by one individual would be understood
by another, and also the amount of time required to code the problem would
be minimised since all the logical errors should be easily detected from the

flow diagram.

Essentially the flow control of any routine is marked by the followings
1, Operations to bs performed :ln a certain arder
2. Branching points or points of conditional transfer of control
3. Merging points
Ls Remote connections, which mey either be fixed or variable

The ‘symbols on the Bendix Template are summarised in the Appendix A of this
memorandum,
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There are three types of operation boxes; #ll of them enclose a sequence
of operations performed in a certain specit'ied order and the only differe
ence between them is their position in the routine, i.e.t

Wa+b=c \ This box 1s always placed at the beginning
fii.d =38 of the routine,

\Type out answers This box iakalwaya placed at the end of the
| Halt routine,

a1+l ——b 81
L_ajsbi—er04 | This box is used in all other situations.

Thus in any of the above boxes all operations performed, e.g. arithmetic
calculations, should be enclosed in their proper order.

The next type of operations would be the conditional transfer of control,
where the flow of operations branches out upon certain conditions being
present or absent.,

C aib This box is being used for conditional trans-
a: fer of control tests,
2!
or

s
C_v:ie )=

‘L &
It often happens that many auxiliary operations are being performed by a

subroutine, and in order to follow the main trend it has been found con-
venient to indicate such operations by using the following symbol:

) af —————C> 2000’01 .
B o Dec, .
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The next symbol will indicate remote connections which will be either fixed
or variable. It may happen that as a result of a conditional test we would
like to jump into another part of the program. Thus instead of interweaving
a line in a spider-web manner through the whole program a remote connector
should be used instead:

- This being a remote connector, which will provide for a jump from
one part of the program to another.

The variable connectors are by convention designated with the Greek letters,
and since in many cases it is desired to select one of several possibilities,
the required connectior must be "set" beforehand, e.g.

This would indicate that H_ connection was selected and set.

P 710

B0 ~0 o150
®"‘>C *Hait |

From the above diagram it can be seen that the first pass would be through

B ,, where after some operation B ; comnectlon is set. The next pass would
be through B ,, where this time after some operation B ; connection was set.
The final pass would be through B 3 to the end of the program.

The two remaining symbols on the Bendix Template refer to DA-1 programs:

This box represents an integrator or a
decision element.

l — This box represents a constant multiplier..
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It is felt that with the prudent use of the above symbols flow charting
of all Bendix Computer programs will become easy and understandable to

all who prepare computer programs.
ACTION BY: All personnel concerned
REFERENCES: None

REMARKS: As agreed at the First Bendix Computer Users' Conference

PREPARED BY: Z. Jelinski

APPROVED BY: T. Yamashita
. g

ZJ/TY/bs
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_
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FLOW DIAGRAMMING SYMBOLS FOR BENDIX COMPUTER PROGRAMS

<
8. 1.

> <
: 10. 10.
l ]

1.

2,
3.
L.
Se

7.
8.
9.
l10.

o .
10. 2. Y

| D
® s D

]
m

Operation box enclosing operations to be performed in
specified order

Operation box always placed at the beginning of a routine
Operation box always placed at the end of a routine

Box enclosing logical operations resulting in branching
Box in the main program indicating the use of subroutine
Box for setting variable connector

Circle for fixed or variable connsction

DA-1 Integrator or Decision Box

Constant Multiplier

Direction of flow control



TECHNICAL APPLICATIONS MEMORANDUM NO. 26

29 August 1957

TITLE: DAPFER-1A

FURPOSEs Description of Revisions to DAFPER-1
EQUIPMENT AFFECTED: G-15D, DA-1

EFFECTIVE DATE: 29 August 1957

INSTRUCTION:

Minor revisions have been incorporated in DAPPER-1 and
provision added for a DA-1 memary dump to punched tape
and subsequent reloading.

I, Corrections:

A, Two commands in the DAPPER-1 loader have been
modified on tape, in accordance with the origin-
al coding, to permit the correct set-up for 27
or S integrator operation.

B, The overflew indicator is turned off in response
to op code 7, freeing op code 9 for use as des-~
cribed below. The overflow detection block has
been rewritten to conserve commands and provide
space in the same line for most of the memory dump
progran, '

Co In case of overflow in an integrator, the code
digits "zz" are typed out in place of "v", to avoid
confusion with an op code, Otheér typeouts after
overflow are as before.

D. Additional delay has been introduced in the DAPPER-1A
loader to ensure the typeout of the number of inte-
grators set up.
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-2 - 29 August 1957

II. Punched Tape liemory Dump:

A,

B,

Description

After the memory dump block has been read from the
DAPPER-1A tape, a leader is punched out and then another
block of DAPPER-14 tape is read into Line 19. This block
contains the skeleton of a loading routine, into which
are stored the contents of the z lines (21 and 22), the
typeout list, check sums of all other lines tc be punched,
and information designating which integrator (1f any)

has been coded for halt control and which line contains
initial conditions (Line 05 for 108 integrators, Line 10
for less). The check sum of Line 19 is then adjusted to
zero and the line is punched,

If the DA-1 problem to be dumped has been set up for 108 =
integrator operation, lines G5 through 18 are punchedj if
fewer integrators were specified, lines 07 through 18 are
punched .

The memory dump preserves the contents of Y, R, K, and K,
registers, as well as initial conditions and address lines.
A problem may thus be dumped for liter reloading and con-
timiation either from the point at which calculations halted
or after a return to initial ccnditions.

The contents of the dX and dY counters and registers are

not recorded on punched tape. Consequently, on continva-
tion of an interrupted DA-l problem after memory reload,

inputs addressed to integrators 00, 01, 02, 03 may be in-
correct during the first cycle only.

Since the contents of the Y registers are disturbed in
memory during punching, the dump routine exits through the
DAPPER-1A program to insert initial conditions (op code y).

Operation

After a problem has been loaded from the typewriter, whether
or not initial conditions have been inserted ( op code y) or
calculations performed (op code x), a type in of 9 (tab) s
initiates the memory dump. A bell rings as the last block
is being punched.

The process takes 10 tpllZ minutes, so it is not recommended
for short one-shot Jjobs.
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ITI. Memory Reload:
A, Description

The DAPPER-1A program must have been stored before loading
DA-1 memory from punched tape.

The first block on a memory dump tape is a self-checking
loader for the blocks which follow. If its check sum differs
from zero, the bell rings and computation halts.

After each subsequent block 1s read, its check sum is com=-
pared with that obtained before the tape was punched. In
case of error, the tape is reversed, the bell rings, and
the block reread.

At the conclusion of loading memory with a DA-1 problem,
control 1is returned to the DAPPER-1A program for typed input.

B, Operation
1, Load DAPPER-1A in the usual way.
2. VWhether DA-1 calculations have been performed or not,

or whether DA-1 is on or not, turn the COMPUTE switch
OFF, then remove the DAPPER-]A tape without rewinding.

3., With a problem tape in the reader, use "p" to read its
loader, then COMPUTE to GO.

L. Replace the DAPPER-1A tape magazine.

5. Check the command line switches a‘ the rear of DA-l, tc
be sure they provide enough address lines for the new
problem.

6. To insert initial conditions, type "y (tab) s%.
7. To resume DA-1 computations from the point where memory
was dumped, omit step 6 and type "x (tab) &%,

ACTION BY: All personnel concerned

REFERENCES: DA-l Programming Manual
Technical Applications Memorandum No., 21

REMARKS : None
/J-,A-{LL J'\_'A \/ W»v'o’-—/"’/[—"

PREPARED BY: S. H. Lewis APPROVED BY: ashita



TECHNICAL APPLICATIONS MEMORANDUM NO. 29

27 September 1957

TITLE: Programming and Operational Differences betwsen the
G-15A and the G-15D.

PURPOSE To summarize the differences between the two G-15 models for
the benefit of the user of one machine who receives programs
written for the other, or for the G-15A user who contemplates
the acquisition of a G-15D, Familiarity of the reader with
one 0-15 model or the other is assumed.

EQ IPMENT AFFECTED3 G-15A and G-15D.
EFFECTIVE DATE: 27 September 1957

INSTRUCTION:
Notation

The notation used below for commands conforms with the Pro-
grammers Reference Book and Bendix Coding Maruals of current
issue; i.e., the form is that accepted by the PPR conversion
routines for both the G-15A and G-15U.

A decimal command format now obsolete was formerly used with

the G-15A before the introduction of PPR, The programmer
specified for each command whether its execution was to be
immediate or deferred, and wrote for T the decimal equivalent

of the binary T in the converted command, The effect was the
same as though every command in the PPR format were written

with a prefix u or wo The N rumber was designated T, and three
digits were required for all location, T, and T, numbers. The
addition of 4 to a characteristic signified a break point rather
than double precision, which was specified by a negative sign
at the end of the command,
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1, Input and Gutput Processes and Control

1.1l

1.2

Accessory Equipment

The only accessories available for use with the G-15A are
magnetic tape units. Therefore, the G-15A has no commands
corresponding to those in the G-15D for controlling or testing
the status of a differential analyzer, punched card equipment,
fast tape punch, or special input and output registers. Com-
mands with D=31 and 5=02, (3, 1L, 18, or 19 have no effect in
the G-154, Uther C-15D commands which refer to accessories

are present in the G-15A, but with different functions. The
commands with S=11, D=31 (punch cards) and S=29, D { 31 (20°IR)
are discussed below under topic 1 (1.3), "Punching and Typeout”,
and topic 5, "Extract Operations", respectively. In commands
with S=17 or 28 and D=31, the C code is immaterial in the G-154;
however, these commands should.be written with C=0 to correspond
with the G-15D.

Functions of four-word lines

Input data entered into either computer are stored in a four-
word line until a "reload" sifnal causes the contents of this
line to proceed, via a second four-word line, tc line 19. In
the G-154, the first four-word line, designated V, is not ad-
dressable by program as a source or destination. On the reload,
the contents of line V are copied into line 23 before entry
into line 19, but they are not retained in the intermediate

"line. Therefore, input data become accessible to a G-15A pro=-

gram only after reaching line 19.

In the G-15D, however, input data enter line 23 first, where
up to four of the last worcds entered are available to commands
with S=23., Moreover, line 23, serving as a destination, can
be cleared by a program before input so that leading zeros
need not always be typed intc the G-15D, The buffer line, in-
termediate between line 23 and line 19 for G-15D input performs
its function automatically and is not accessible to either pro-
grammed or mamual operatiors,

During a process of output from the G-15A, the contents of line
V are modified. The details of this activity need not concern
the programmer, except thai he can not expect any specific part
of line V to te clear before a subsequent input operation. The
corresponding function in .output from the G-15D does not involve
line 23, but is performed in the intermediate buffer line men-
tioned above,
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1.3

The contents of G-15A lines 22 and 23 are replaced during
output to magnetic tapes; only line 23 is involved in the
G-15D., No disturbance of addressable four-word lines occurs

in other outputs.

Some confusion may arise from the retention in certain pub-
lications of an obsolete notation for the four-word lines

in the G-15A, where the Roman Numerals I, II, III and IV have
been used in reference to lines 20, 21, 22 and 23, respectively.
The perpetuation of this anachronism is to be condemned and

discouraged.

Punching and Typeout

The commands with S=08, 09, or 10 and D=31, to initiate sep-
arate typeout or tape punchlng, are the same in both the G-15A
and the G-15D, Simultaneous output to both the typewriter znd
tape punch is possible from either model of the computer, but
the control of the process differs in the two machines.

In the G-154, the contents of line 19 are typed and punched
concurrently in response to a command with S=11 and D=31. The
C code is immaterial and one word time is sufficient for the
execution of the command. In the G-15D, however, this command
initiates output from line 19 to an auxiliary card punch.

The contents of either AR or line 19 of the G-15D will be
punched on tape whiie being typed out if the PUNCH switch on
the typewriter base is on. That is, for simultaneous output

to the typewriter and the tape punch, the switch must have
been set manually by the time the typeout command is executed.
This switch is normally off, since no punching is desired with
most typeouts., In order to coordinate the setting of the PUNCH
switch with automatic computation, the program must include a
command to test the position of the switch and suspend compu-
tation until the switch is turned to the proper position.

The position of the G-15D PUNCH switch is tested by a ccmmard

of the formL, N 1 17 31, (If is used in place c¢f L,

the bell will also sound, rugardless of the outcome of the %est&)
The succeeding command 1s read from location N if the switch

is off, from N+1 if tne switch is on.

Case 1, LO) L2 LO 1 17 31
I,) Ly N 0 09 31
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The test performed by the command in will be repeated if
the PUNCH switch is off, After the switch is turned on, the
command in is executed and the contents of liné 19 will be
simultaneously typed and punched. If the switch is turned off
during the output process, the punch will stop before the end
of the record, but the typeout will continue to completion.

Case 2. Lo) L2 L_l 1 17 31
;_1) L, ¥ 0 0 3

If the command in L, is executed first, the test will be re-
peated while the PUNCH switch is on. Typeout of (19) will occur
when the switch is turned off.

The PUNCH switch on the G-15A serves only to feed tape.

On the G-15D only, a tyveout may be prevented or interrupted
by turning the ENABLE switch on. This permits the adjustment
of paper, stopping output by typing "s" without jamming keys,
etc. If output is not stopped by "s", the commanded typeout
will resume when the ENABLE switch is turned off., An output
to the punch, in response to a command with $=10 and D=31,
will not begin while the ENABLE switch is on; although the
switch does not interrurt a punch-out in progress.

One other typeout operation shows a slight difference between
the G-15A and the G-15D. The "t" key, in manual control of
either machine, replaces the high order eight bits of AR by the
N number of the last command executed, If N=00, however, the
eight bits in the G-15A are represented in hex by 1li; in the
G-15D they are 94, to avoid ambiguity with the case where N=20

(decimal).

1.4 Setting "Ready"

When input is being read from the G-15A typewriter, the effect
of the "s" key depends on the state of the ENABLE switch, If
the switch is on, the "Ready" state is set without reload of the
contents of line V into line 19; if the switch is off, not only
is the "Ready" state set, but the reload operation aiso occurs.

The "s" signal after type-in to the (~15D does not cause a re=-
load from line 23 to line 19, regardless of the position of the
ENABLE switch. Normally, fewer than four words of information are
typed in before "s" is struck, and the input is available directly

from 1line 23.
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1.5

"Ready" may be set by a command in a G-15D program, but not in
the G-15A, The G-15D command with S=00 and D=31 will stop any
input or output operation; and in addition, it may disturb the
contents of line 19, A precise determination of the effect on
line 19 depends on detailed knowledge of both the input-output
circuits and a number of conditions at the time the command is

executed.,

Two examples of G-15D programming illustrate the usefullness of

the "Set ieady" Command, i'irst, it becomes possible to eliminate
the use of the "s" key after a type-in to line 23, A binary 1 is
stored in this line in every fourth bit position before the type-in
command is executed. Each digit typed in precesses the line by
four bits, so no change in the contents of the line will be appar-
ent ahead of the entered digits. If the type-in ends with a tab

or carriage return, however, the line is precessed only one bit;
upon detection of the changed configuration, tre "Set Ready" com-
mand is executed.

A second example of the application of the "Set Ready" command in
the G-15D occurs in tape punching, where a format of sign codes is
used to punch leaders between blocks and a condensed format of 29
digits and end code is used for punching significant Znfermaticn.
With line 19 clear, the leader is purnched by giving a command of
the form 01 N O 10 31 every drpm cycle, tallying until approx-
imately 1Ll drum cycles have occurred, then executing a "Set Ready"
command, After "Ready" has been set, the punch format is stored
in line 02, the line to be punched is copied into line 19, and the
punch command executed, (Ref. Technical Applications Memorandum

No. 20).

Punched Tape Reversal

A C-15:% command with S=07, D=31, causes the punched tape reader
tc reverse until a stop code is detected, Thus, to prepare to
read tape from a position n blccks earlier than the last previous
stop, it is necessary tc program n*l reversals and cne tape read
(s=15, D=31), each followed by a test for "Ready".

A G-15D command with S=06, D=31, causes the punched tape reader teo
reverse past two stop codes and then move forward once, Each
execution of this command moves the tape backwards to a position
where it is prepared for reading one block earlier. If a ccmmand
with $=07, D=31, is executed, the tape will move back and fortn
once, stopping in its original position.

On the G-15D typewriter only, the "b" key ("Ready" state, ENABLE
switch on) initiates the same punched tape reversal as the S06,
D31 command. -
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2., Command Lines
2s1 Lines Available

The only G-15A memory lines, except AR, from which commands
can be read for execution are 00, 01, 19, and V. In the G-15D,
the eight lines 00, 01, 02, 03, OL, 05, 19, and 23 are all
available,

Differences between the two G-15 models in both manual and
programmed selection of a command line are discussed below,
In bot: machines, the use of AR as & command source is the
same., After the execution of a command in AR, control is
returned to whichever command line was previously active,
unless the cormand in AR itself transfers controli to ancther
- line.

2,2 Manual Selection

A G-15A switch, not present on the G-15D, provides the only
means for selecting either line 19 or line V as a source of
commands., The left hand setting of this three-position switch
causes commands to be read from line 19; the right hand setting
makes V the command line., The central position of the COMMAND
switch specifies either line 00 or line 0l, the choice being
determined by the exscution of a programmed command and indi-
cated by a neon lamp on the indicator panel. If either line 19
or line V is selected by the switch setting, the condition of
the indicator is immaterial. The execution of a command to set
the indicator off (line 00) or on (line 01) activates the de-
sigrated line as a command source only after the switcn has
been returned to the central position.

The manual "mark place" operation ("m" key, ENABLE on), stores

an indication of the command iine selector (0 or 1) in the G-15A,
but not in the G-15D, On "return" {"r‘ key, ENABLE on), the G-15A
selector is restored to the condition that exasted at the time of
marking, but no change occurs in the G-15D command line., If the
last G-15A command executed before a "mark place" was Multiply,
Divide, Shift, or Normalize, part of the contents of AR will not
be restored on "return', This loss does not occur ain the G-15D,
Ctherwise, the "mark" and "return" operations are the same in both
models of the G-15.

When the G-15; COMMAND switch is set to select line V, single

cycle operatiun results from the "e" key (ENABLE on); when the
COMMAND switch is set for line 19 or in the central position, the
"i" key (ENABLE on) causes one command to be executed. On the G-15D,
the "e" key has no effect; the "i" key (ENABLE on) is used for sin-
gle cycle operation in any command line.
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In the G-15D, any of the eight command lines may be selected
mamually by the use of typewriter control keys, with the sei~
ection indicated in binary form by three lamps on the panel,
With the computer in the "Ready" state, the "c" key (ENABLE

on) clears the indicator, selecting line 00 for commards.
Another line may be chosen by striking the corresponding digit
key (1, o o o5 5 for lines 01, &+ « o+, 05; 6 for line 19, or 7
for line 23) with the ENABLE switch on. Only when the G-15D

is in the "Ready" state does the ENABLE switch cause a digit
key to influence comnand line selection. Moreover, a digit

key may turn indicator lamps on; but oaly the et key turns them
off, For example if line 05 is to be selected ard the "L" xey
is struck by mistake, the correction can be made by following
with either "1" or "S", However, if the operator's aim were off
to the right and "6" had been hit instead of "5", it would be
necessary to use "c" before the error could be corrected.

Iine 23 is automatically selected as the G-15D command source in
two cases, both of which involve the reading of punched tape. At
the completion of the DC power turn-on cycle (topic 6, below), or
after punched tape reading has been initiated with the "p" key, not
only is line 23 selected and indicated as the command source, but
also the first command will be read from 23,00 without the need for
use of the "f%" key. There is no change in command line or sequence
when punched tape is read in response to a programmed command (S 15,

D 31).

2.3 Selection by Program

In the G-15A, a command of the form L, N O 20 31 causes the
next command to be read from line 00, word N, when the COMMAND
switch is in the central position. Line 01 is seliected by a
similar command with 5=21., Although these commands are normalliy
written with C=0, the characteristic is actually immaterialj and
the word position of the next command is unconditionally N.

G-15D commands with 5=20 or 21 and D=31 also select a commanc line;
but here the line is specified by the C code, and the commznds cdiffer
in their manner of determining the word positior c¢f the next command,

A G-15D command of the tormw T N C 21 31 transfars control
unconditionally to word N of line C. (C=0, . . ., 5 for lines 00,
« « o5 05; C=6 for line 19; C=7 for line 23.) Alsc, during the one
word time in which the command is executed, the number T is stored
in the command register, marking a word position to which control
may later be returned.
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A command, in the G-15D, of the form L; C 20 31 transfers
control to the line specified by C, but to the word position last
marked by a command with S=21, D=31, In general, if the "return"
command is written L, N C 20 31 and the last marked T occurs
earlier, after L., than N, the next command is read from word
position T. If, however, L, N4T, the next command comes from
word N. A break point in a G-1tD command with S=2C, D=31, is ig-
nored; and in single cycle operation both this and the following
command are executed in response to one operation of the "i" key.

3. Division Command and Overflow Detection

The G-15A command for division (S=25, D=31) is normally written
with T an even number, and the C code (for conversion by PPR-Al)
mst be 5 (i.e., double precision, ch = 1). There is no automatic
detection of overflow; but if the first quotient bit developed
(bit 1 of MQ odd if T = 58) is not zero, the quotient is greater
than or equal to one., After a double precision division (T = ub),
the first quotient bit is lost and no examination for overflow is

possible.

Automatic setting of the overflow indicator after improper division

is provided in the G=-15D. In the divide command, either C = 1 or

C = 5 is permitted. Whether single or double precision overilow is

to be detected depends on whether the T number in the command is odd

or even,

If T is odd, the quotient bit developed in position 29 of MQ even
during the next-to-last cycle is sent ‘o the overflow indicator

and is not recorded in bit position 1 of MQ odd, since the 2xecution
of the command ceases at the ead of an even word time, (The location
of the divide ccmmand being odd, both the first and last times of
execution are even.) Thus, for normal single precision division,

T = 57 and the overflow indicator is set unless the quotient is a

fraction.

If T is even in a G~15D command for division, the bit sent to the
overflow indicator is that developed ia position 29 of MQ odd
during the next-to-last cycle., For example, if T = v6, a double
precision quotient will be formed and overflow indicated if the
result is not fractional. If T = 58, as in normal G-15A sirgle
precision division, an overflow indication may occur ir the G-15D
due to a bit which is not part of the developed quotient, or no
indication may occur when an overflow exists,

4. Information Copies between Two-word Registers

When information is sent from storage into MQ, ID, or PN, or

when information is stored from a two-word register, the effects
of various C codes and the handling of signs ara the same in both
the G-15A and the G-15D., A difference between the two machines is
effective only when the C code is even in a command having a two-
word register as source and the same or another two-word register
as destination.
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In the G-15A, the rules governing the function of IP in copies
between two-word registers are derived by simultaneous application
of the rules governing the case where one of the registers is a
source and the rules for the case where a two-word register is a

destination,

In the G-15D, the rules are more simple; when information is copied
between two-word registers, IP is not involved; if C is even, ab-
solute values are copied, The only exception occurs when C = 0

or 4 and S =D = 26 (PN), as described below.

The following diagram and summary of rules describe the behavior

of IP in toth tne G-15A4 and G-15D, with differences noted where they
exist.

INVERTING

CE ————>t
SCURCE EARLY BUS GATES ‘ /
~——9 | &——> TP I

]

o
o INTTZRMEDIATE BUS
AR
‘l’ > DESTINATION
LATE BUS

IP Flip-Flop

a. IfC=0orC=L;orif C=2orC=256and s€ 28;
then (IP) is changed, regardless of source in the
G=154, or if 2L, 25, or 26 in the G-15D:

i, From O to 1, or from 1 to O, by a negative
sign on the early bus if D = 24 (MQ) or 26 (PN)

ii. To agree with a sign on the early bus if D = 25 (ID)
b. (IP) is made O by command O 23 31 (clear).
c. (IP) is unchanged otherwise [eg., if C is odd, or if

C=2or 6 and S= 28 (abs, value), if D = 30 (PN+),
if S = 2li, 25, 26 (G-15D only), etc.)
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d. If S =2, (MQ), or 25 (ID), or 26 (PN), regardless
of destination in the G-15A but only if D # 2L, 25,
26, cr 27 in the G-15D, then (IP) enters the sign bit
on the intermediate bus either if C = O or L, or if
C'2°r6andD<28.

es In the G-15D only, a command having C = O or L and
S =D =26 (PN; copies (IP) into the TE »it of PN
and ccmnlements (PN) if negative. (IP) is unchanged.

NOTE: A sign is placed on the early bus from Bit 1 of a
single werd source or from TE (Bit 1, even word) of
a double word source, inciuding MQ, ID, «r PN, If
S (or D, is 24 (MQ), 25 (IDL), or 26 (PN), and if
C=0Oarl,orif C=2or6andD ( or S) { 28, then
the sipgn bit does not reach the _mtermediate bus from
the early bus.

S. Extract Operations

The extract operations wi*h S = 27, 30 or 31 and D { 31 are the
same in both G-15A and 5-13D,.

In the G-15A, a command with S = 29 and D € 31 forms tne source
number from (20 + 21); that is, the logical inclusive “or".

Since the operation specified by S = 27, D £ 31, has proven far
more useful, the former command has been assigned to a different

function in the G-15D,

A G-15D command w:th S = 29, D £ 31 operates on the con‘ents of
a special input reeister (IR) which may be attached as optional
auxiliary equipment. %hLe word formed as source is (20-12)., I.
no such special register is used, S = 27 may be used to provide
an unconditional source of zerc,

Two extract operations are available in the G-15D for which no
counterparts exist in the G-15A, A command with S = 1€ and

D = 31 transmits (20+JD) to a special output register which may
be attached to the G-15D as optional auxiliary equipment, A
command of the formw T N 3 (or 7) 23 31 operates on the
contents of ID ar PN with reference to an extractor stored in
line 02, This command copies (C2¢PN) into ID, leaving (O2°IN)

in PN, Although untroduced to permit binary to decimal conversion
during DA-l opera“ion, the command faciiitates this conversion
whether the differential analyzer is in use or not,
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6, Turn-on Cycle
6.1 Number Track

The number tracks differ in word u7, where the G-15A has
-1414000 and the G-15D has -141479L. The corresponding
check sums are 147y000 for the G-15A and 147x86w for the

G'lsD ')

In the G-15A, the number track, once entered from punched

tape and stored during the DC turn-on cycle, is not access-
ible by any programmed command, In the G-15D, however, the
command Ly N 1 31 31 causes the stored number track to be
copied into line 18, where it may be inspected for verification.
The command actually causes the contents of the number track

to be superimposed on the contents of line 18 which should,
therefore, have been previously cleared.

6.2 Loading Routine

When DC power is turned on, the G-15A reads one block of tape
and stores the contents in the number track., The next block,
usually a "bootstrap" or loading routine, must be read by mani-
pulation of the "p" key, and control established at word 00 of
of line 19 by use of the "f" key and setting of the COMMAND

switch.

The turn-on of DC power in the G-15D not only. causes the number
track to be read from tape and stored, but also initiates the
reading of a second tape block and establishes control at 23.00

automatically.
A1l loading routines written for use on a G-15D should include,
early in the vrogram, a commznd of the faom 00 N 1 19 31

(Stop DA-1), to insure that no portion of the G-15D memory
assigned for use in DA-1 operation will be inactive.

Loading routines far the G-15A which are to be executed from

line O, should contain a break point or halt command, to allow
the command source switch to be placed in the center position.

ACTION BY: All G-15 users

REFERENCES:  G-15 Programmers Reference Book, G-15A Coding Mamual, G-15D Coding
Mamual, Techpical Applications Memorandums No.'s 8 and 14

REMARKS 3 None:

PREPARED BYt{ S, H. Lewis ,A{.‘74u éfiu,;. .
APPROVED BY: T, Yamashita j : _..é,.{_;

HL/TY/bs




TECHNICAL APFLICATIONS MEMORANDUM NO. 30

11 June 1958

TITLE: Changes in G-15D Logic - Shift Command.
PURPOSE: To provide for more flexibility in programming
. EQUIPMENT AFFECTED: G-15D from #100

EFFECTIVE DATE: 21 March 1958

INSTRUCTION: Effective G-15 Serial Number #100, command
characteristic other than "O" will block the
tally operation in the accumulator when shifting
or normalizing. This information has not been
made generally known to all persons affected
by the change. This change is of such a nature
that it can easily be added to all machines,
from O to 99 by the Customer Service Group.

ACTION BY: All personnel concerned
REFERENCES s
REMARKS s None

PREPARED BY: T. Yamashita
APPROVED BY: T. Yamashita and F, Adair



TECHNICAL APPLICATIONS MEMORANDUM NO. 32

li November 1957

TITLE: Fixed Point, Double Precision Subroutines

FURPOSEt To provide advance infarmation on double precision, fixed point
subroutines

EQUIPMENT AFFECTED: G-15A and 0-15D

INSTRUCTION:

The following specifications for the fixed point, double precision
subroutines are being issued as appendices to this Technical Applie

cations Memorandums

1. Arctangent Appendix A
2. Square Root Appendix B
3. Sine - Cosine Appendix C

ACTION BY: All personnel concerned

REFERENCES:  None

REMARKS ¢ The arctangent and square root subroutines are on the same
block of tape. The sine-cosine subroutine is on another.
These subroutines were extracted from a traverse closure

Pprogram.
PRKPARED BY: A, J. da Costa Q/ A (0‘"7/"\.
v .

m————— "
APPROVED BY: T, Yamashita ._ % VL

(e



LPPENDIX A

rrctangent R

Range of argument R: t<R <1 (See Note 1)

Output: Arcten R in circles and in radions
Execution: K From Tine 1

Data Input: (a) Return command in AR;

(b) Argument (double precision) in ID, (Sce MNote 2)
14

Zntry: At word time 72 (See Note 2)
Jutput Locations: (2) Arctan R in circles in ®Ng i:

(v) Arctan R in radians in 200,1

Exit: The return command is read at word time T73.

Short Lines Used: Entire lines 290, 21.

Accuracy: Correct to the nearest millionth of a sccond.
(error < 5-1)-7 second)

Execution Time: 11.05 drum cycles (321 milliseconds;.

Error Stops: None

NOTE 1: If the argument R )> 1, enter 1/R as argument and subtract the resuit
from 1/U4 circle.

If R= 1, arctan R = 1/8 circle (that is I[T/h radians).
NOTE 2: Entry may be made with the argument in MQ, but the eniry location is

then at word time 68. Care should then be taken that the two-word
registers hold the correct sign.

REFERENCE: "Table of Arctan x" National Bureau of Standards, Applied
Mathematics Series 26.
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Method:

-2 - 4 November 1957

The method is based on the fognglﬁ

arctan R - arctan L = arctan = , where L is a
number conveniently close, a.n& nvolves a "table
look-up” for arctan L and the determination by o
Maclaurin's series of the reduced argument u = I-'Firl"

It consists of five steps:

(1) The arctangents of the eighths of unity:
o, 1/8, 1/4 . . . . . 1, taken from &
twelve-figure table (see reference) are
stored in the computer.

(2) That eighth (L) which is closest to the
argument R is determined. We have then
R-L = 1/16.

(3) Arctan ?AI;LL is calculated by Maclaurin's series:
w3 w5 T R-L
ta,rct‘.anua-u--3 +5 7 ,wbereusmn.
Four terms are sufficient since u < 1/16.

(4) The appropriate arctan L is selected by &
"table look-up", clued by the value of L.

(5) Finally, arctan R= arctan L + arctan u.
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FLOW CHART

Arctan R

Start
(R in ID)

72 ( Return command—=01.73

Y

L, first three bits
of (R/2 + 1/32)

4 November 1957

(Optional entry)

(R in MQ
€8

<——"R= ()—~1DD

R-L
Calculate u = TRL

4

Calculate arctan u =
9_3_ . w ol

— —

3 5 1

u -

[

Divide L/2 by, 8. 8
Result = L-2-% = 16L.2"

Add 16L:2-8 to dummy
command in AR.

Obey AR:

Arctan L * PN

/

Arctan u—t> PN+

Result = arctan R in radiaus

Multiply by 1/2 TT to reduce to circles




FORM
1]
108-5.0

G-15D
PROGRAM PROBLEM:

1 2 3
¢ 5 6 1
8 9§ 10
2 1B W 15|
® 17 18 18
2 1 2 2
u 25 % 2
2 20 30 3
2 B} U B
% 3 33 2
0w oa @2 8
“ o5 84
48 49 50 51
52 53 54 85
56 57 58 59
60 6 62 63
64 65 66 6
68 68 70 T
7 B W
% 11BN
80 81 62 8
84 85 86 &
83 89 50 o
2 93 94 95
% 97 98 89
W w o ou2 ul
ud us Uus

- -

Prepared by A, J, da Costa

1 Los Angeles 45, Calitornia

Page 1. of 1_
Date: :2-1-51

Line _ 01

N = (PN) —*» 20, 00,01

Ret, Gmnd, = (AR)—>01,26

Clear

l - 2-58 (010,-10’)41) _—)ID

2222222 | l = 2"58

-2222222 r

{

N = (20,00,01)—>PN

69 25 | 31 _Divide (112 w.t,)
‘ N \- _N
il g (MQ)=3 (‘rj_y /9) ~ 2rg
86 2l | 26 H zfi'; = (MQ)——>=PN
| I
ry __ -
93 25 | 30 2 — (ID) ——> PN+
us 26 | 28 Ti4] = I3 = >
ZFor sign test in Cmd. 18
ry _ + ’
18 25 | 30 2 = (I)—>PN + (lw.t.)
ZL(PN) = rs +1§
- 26 22 | 31 (AR) < 0 ?
0
26 20 ¢ oma,
Z 0]
27 28 | 51 26 | 25 ry4 = (PN)—>-ID 7]

Shift 1 pl. {(ID) *Iz""é <1

——— —— . ————— ——— -~ a———
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Arguments
Outputs
Executions
Data Inputs

Entrys
Output Locationst

Exits

Short Line Usages
Accuracys

Error Stops:
Execution Time:

-1l - i November 1957

APPENDIX B
gﬁare Root,
N, 0SN<1
N (Positive Root)

From Line 1

(a) ﬁeturn command in ARj

(b) Argument N (double precision) in IDg,1

At word time 106 (ub)

(a) YN in PN, 5

(b) #N in 1Dy

The return command is read at word time 26,

Only words O and 1 of Line 20,

Error < 2 =56 (That 1s, correct to the 16th decimal place)
None

Variable (Approximately 1 drum cycle for each leading
binary zero,

NOTE: Execution time may be saved by a preliminary test for N=O.
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Methods

- I l; November 1957

The argument A, in circles, is first reduced to u, where
u is the positive difference between A and the nearest
quarter of a circle, expressed in radians,.

Thus 0L u ST/

Then Maclaurin's sion is }p ed for both functionss
sinusu - oé§$?2 +{t;%

se

cosu=1l "-‘21%'4’*’:""' see *ﬁs ’

Seven terms in each series are sufficient to ensure
accuracy to 12 decimal digits,

As the outputs are % sin A and % cos A, the coefficients
are divided by 2 in the program,
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FLOW CHART

N = 200, 1
1-2%"—»1
Y
t —>] Divide ry by 2

I T

Divide N by r,/2 (112 w.t.)

(Result = 1/l of 2N/r =N/2r,

Subtract ry/2 from N/2ry
(Result=ry,, - ry)
1
+
Sign of (ry,;; - ry) —AR
Add ry tory,, - Ty
ri’l m Test sign of ri"'l-ri ' Return comam
(r4 of next
iteration)

Exdit
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| ] Los Angeles 45, Calitornla Pags L. of b
G-15D Propared by A, J. da Costa Date: 6-26-5T
PROGRAM PROBLEN : mgmg 3, DOUBLE_PRECISTON, FIXED POINT Line O
1 {
f
l tan1(g) = .124, 354, 994, 547
6 7 B M { (decimal)
20 2 2 23 1 tan"1(f) = .2k, 978, 663, 127
5. % 2 {
2 2 30 3 1 tan~(g) = .358, 770, 670, 2T
2 N MU B (
B 37 38 3 1 tan“l(%) = k63, 647,609,001
0 0 28 {
“ & 6 4 1 tan-1(8) = .558, 599, 315, 3k
48 49 50 51 {
52 53 54 55 1 ten"}(3) = 643,501, 108, 793
56 57 58 59 {
60 6 62 63 1 ten"L(§) = 718, 829, 999, 622
64 65 66 67 |
68 6 70 T ] ten1(1) = .785.398, 163, 397
1’ ou B {
71 18 18
80 81 82 83 Return Command —>01.73
84 85 86 @& R= (ID)—>205 ,
g8 89 80 91 Shift (Divide by 2)
2 93 94 98 " 1/32 —>PN,
8 97 98 9 g3 | <fnex)| 080] 0 |o00 Dl - 130
o u w2 w3 g 86 |89 [ules [ 0] | riz—>rm .
el lw v ow




G-15D

MEMORANDUM NQ. 32

—5—

i November 1957

Preparsd by

Los Angelss 45, Californir

A. J. da Costa

ROGRAM PROBLEM ARCTAN. R, DOURLE PRECT3ION FIXED POINT

4
8
12
16
20
4
28
32
36
40
i
48
LY
58
60
B4
68
n
18
80
84
88
92
88
uo

u4

13
11

2
23
28
3
3
4
45
48
83
57
61
65
69
n
n
81
85
88
a3
97
u

6
10
L]
18
2
28
30
34
38
42
46
50
54
58
82
66
n
L]
18
82
86
80
84
98

u2

PROGRAM PROBLEM:
o 1 2 3L |P

Page 2. of L_
Date: 6-26-57
Line 02

P ]

ﬂ t{ncls || NOTES

11 & 9 |92 |4]26 | 2 (R/2) + (1/32) —=21, 5
|] n 92 obh |96 |Ljor | 20 l} Extractors —>20p 3
15 ot < [[(nex) 000 |0 |o00 D1t Extractors
8 95 |< [l(nex) zoo 000 > |
8| 96 98 |wo |4 |31 | 20 L/2 —>20, 3
21 || wo w2 |uk |4 25 | 26 R/2—>PN
3 l ulk w |20 |7120 | 30 " Subtract L/2 from R/2
¥ || 2 2 |ov 5] |2 | 1/2(R-L)—>-215 3
3 o 26 |30 |4 }20 [ 25 L/2 = (205 3)—>ID
43 | 30 32 [35 [4 |20 | 24 R= (205 )—=MQ
41 i 35 | v4 | %2 Jo j2b 21 Multiply L/2 by R
51 43 W |46 | jor | 30 Add 1/2 to RL/2
8 || uy ( H(hex Y oc0 | 0 000 I > | = 1/2 (double precision)
5 | s "nex) 800 | 0 | 000 NI
8 | us 48 |52 |u |26 | 25 | 1/ (1 + RL)—=ID
87 | s sk |57 [ular | 26 | 1/2(R - L)—> PN
ny s v6 |66 |5]25 | 31 Divide (T = 116)
B e 68 |70 |4 |24 | 20 = =20 3
LU 72 75 |4 {20 | 25 u —=1ID
83| 75 76 81 |k |20 | 2b u—>MR
8 | & 90 |o 2k | 3 Multiply
0| o lo7 |1]e6 | 22 ul—>-215 1
8% 97 ul |4 o1 | 25 1/7—>1ID
89 | 98 | < [(nex) 924 |9 |29 > ] 1/7=(dec) .1k2, 857, 1k2, 857, 14
HSH 99 [ fl(nex] 249 |2 |uo2 | D {

l ul bla [bfer | o2b ua-—a-m‘
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| Los Angeles 45.Calllgrnla Page 3 of L
G-15D Prepared by A. J. da Costa Date: 0-20-97

PROGRAM PROBLEM : __ ARCTAI R, DOUBRIL PP.CISION FIXED POINT Line 1

o 1 2 3§ L PR NOTES

4§ 5 6 1 o1, vh | 28 ol | 31 Multiply 1/7 bty u®

8 9 10 uij =8 3 [ 32 [W]6 | 21 u2/T—21p 3

2 13 ¥ 15 2 6 | 28 |ufor | 26 1/5 —=>PN

6 1 18 18] 36 [ [mexfos|oesr| | Dy s

20 a 2 B 37 [< [(nex] 335]3}333 B

24 25 26 21 28 [I 72 | W7 |7 ]2 30 u2/7—» PN+

28 29 30 3 " b " W 5t 116 | 2k 1/5 - ﬁ2/7—-,- MO

32 33 H 3B > so | s5 [ Lo | 25 w8 —>1D

% 37 38 39 55 VI ST N Y 314L Multiply

N 4 2 B g 6¢ |1 || | 2t w2/5 - W1 —>21,

4 45 46 4 al 6 |78 | L] 6 1/3 —=PN

$8 48 50 51 | 46 |< f(nen] ] |8y M BEE

62 83 54 55 ) 77 < f(nes] 5955|755 NE

56 % 58 584 .5 82 |8 |7]ar | 3 w2/5 - ubt/7—>rm

60 61 62 63 | ¢ 8 | 9. 1|6 | /3 - u2/5 + wT —=Ne
64 65 66 67 | oL 92 w3 fulz | 25 u?—1D

68 69 70 M | us i 1 el | 3 Multiply

7 B W OB o oc | oo Juls | 2 w2/3 - u*/5 + W0 7 —=1D
% 7718 1| » o |25 7125 | 3 w23 - ut/5 + WO/7 - P
80 81 82 8 | o5 26 | 29 | v |26 | 24 1 - u2/3 s uh/5 - Wb —emg
84 85 86 87 || = 32 |39 | 4|20 | 25 u—>>ID

88 89 90 91 39 | v | 48 fojan | 31 Multiply

92 93 84 985 18 52 | su | hfac | 20 Arctan u —>=20 1

9% 97 98 99 ot 55 | 59 |ofa0 | 25 L/2 —>IDy

uoe ut u2 w3 59 | 7% | 671 o266 | 31 ﬂ Shift 3 places (Div. by 8)
ud us U 67 69 | 80 | " |25 QRJL L-2-% = () —>R




MEJGRUAGIU: . NC. 32

G-15D

20 21 2 23
4 25 26 27
28 29 30 3
2 3N U 3B
I 37 3
0 4 4« @
M 45 6 4
48 49 50 51
52 83 & 55
% &7 58 59
60 61 62 63
64 85 66 67
6 6 10 N
” 13 U 0N
% 17 18 18
80 81 82 83
84 85 88 &
88 88 80 81
92 8 84 8
88 87 98 89

uw ut w2 W

PROGRAM PROBLEM:

L4 Noverter 1957

Prepared by A. J. da Costa
ARCTAN R, DOUBLE PRECTGION FIXLD POINT

Page L _ of _L_
Date: 6-26-57

Line O1

—— |

NOTES

Dummy Sel. Comm.— AR+

Dummy Sel. Comm. read at T=ub

Obey AR (Sel. Comm)

Arctan L = (01l.16L)—ts-PN

L3 F L kg |5 3" Arctan u= {205 1) -t PN+
L9 50 | 53 | 4 2:5 25 Arctan R (Radians) —=>ID
53 56 | 58 | 4|25 2 Arctan R (Radiaas)—20,
58 60 | 65 | 4|01 2L 1/2TT — MQ
60 |< [l (nex| 727 2 | nuv S 1721 = 159, 154, 943,091, 90
" 61 < (hex|-28v | y ] 50x >
65 vih | 73 |0 ]2k 21 Multiply {to reduce to circleg])
| rArctan R{circles) in PN—J
" T3 H Return Command
{Optional
68 " 70 |72 Lok 25 R= (MQ)—=1ID MG entry)

L




MEMORANDUM 32

Argument:
Outputs
Executions

Input Datas

Entry:
Scaling of Inputs

Output Datat

Exits
Short Lines Usedt
Accuracys

Execution Time:s

-1 - Li November 1957

APPENDIX C

Sine and Cosine

Angle A as a fraction of a circle, 0€a<2

% sin A and % cos A, '

From Line O1

(a) Return cammand in ARj

(b) Argument A (Double Precision) in PNO,].

At word time 30

The argument A must be expressed as a part of a circle.
That is, before entry to the subroutine, if A is in degrees
it must be divided by 360, or if A is in radians it must
be divided by 277,

% sin A 1n 22g7

% cos A in 222,3

The return command is read at word time 31,

Entire Lines 21, 22 and words 0L, 03 of Line 20.

Correct to 12 decimal places (Error < 5.,10°13)

34 drum cycles (986 milliseconds)

NOTEs Both # sin A and % cos A are obtained with one entry of the argument.
This is of great advantage in many problems,



MEMORANDUM 32

Method:

-2 e L4 November 1957

The argument A, in circles, is first reduced to u, where
u is the positive difference between A and the nearest
quarter of a circle, expressed in radians.

Thus 0K u T/

Then Maclaurip's sion ia fsed for both functionsi
sinuzue g% egu.‘

(XX}

cosu:l--\g*%-... *-}g

Seven terms in each series are sufficient to ensure
accuracy to 12 decimal digits,

As the outputs are % sin A and 4 cos A, the coefficients
are divided by 2 in the program,
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Return Command ——= 01, 3}

Y

Argument A ———>> 21, § |

30

33

bh(LA (Mod.1) = O
v’
65(8A (Mod.1) = "

¥7°

3rd tit of A= 07
(Is A in an even or
odd octant?

L November 1957

1/2einA = 0

. w—-—-—-———-—*
1/2cosA = 1/2

.

S
)

1/2sinA = 1/2cosA =

8A (Mod.l) ——-MaQ

27

1 - 8A (Mod.l)—NMQ

9 Polynor’al gvalurﬁion:
oY ne qu”

Y

Y

Y |

20 | Convert BA or 1-8A to redians
1.2 | (Resw)* = new argument u)

‘n s

53 fCalenlate u™

nelection comm-»AY

Y

Ly

ain coelf.

Y

—

Is (=" = 1./2(sin u/u)ox * ‘neos?
A ‘)‘n, fin

Mult. 1/2(sin u’u) by u_

4G

Con coet™, soli. comm.-~—»AR

Sin

Cos

‘[ 59

Ts sin u= |sia f] or leos Ak
h) lcos

A )}
x ;1.'12 noorehane

sin u any ¢cos u

y

Y

S

Lhag

. o SCIIN N ‘r
oY shomg to L0

WA

ow A .
1D eon '

ul

-’

L]

Return Command




12
16
20
A4
28
2
38
40
i
48
92
96
60
64
68
n
1 16
80

88
92

1w ORALDUM NC.

G-15D
PROGRAM PROBLEM

32 -l - L, ove.sber 1957
Los Angeles 45,Calitornia page 1_ of 5
Prepared by A, J, da Costa Date: 6-1L-57
: _SINE = COSINE DOUBLE PRICTSTON, FLCD POINT Line _O1
R —— — e s ST ST
NOTES
ol [ Return Cmd, = (AR)—»01.31
3 L | Argument A—-215 4
u L (PN)—>PN + ?; ‘ﬂ°§‘iim:§‘“ﬁ)
L L A (modulo 1)=0 ?
bl 26|22 | 1593 sinu=0-22
L] o[ 22 % cos u=3-—>22
2,3
53 54 | 65|L | 26| 30 [EXI P [La| to itself
65 66 68| L | 26 | 27 8A (modulo 1) 0 ?
68 8o | 93|u) o1 | 25 ‘E—OJ\[?/&‘:(O]..BO,BD-—?'ID
81 (hex) = 5u82700 } N2/l
80 , (hex) 329xwh7
93 |ull 98 | 70]uL] 25 2> \2/li—>Line 22 (4 wot,)
(sin u=cos u=\2/2)
~ " EX¢)
69 70 | L] 2%]| 2 8A (mod, 1)—>21, 5
N 77 8sjo] o1 | 20 Extractor =(01,77)—»20;
77 (hex) 2000000 = extractor (:1/8)]
. ven or add
I 85 89 | 93|o] 31| 27 3rd bit of A= 0 ?joectant?
I - [=0) Even octant 1
98 uz 3214 21 ] 24 8A (mod, 1)—>11Q
#0) odd octant 1
99 uo wibhl 25 25 (ID)—>ID to clear PN
u5 wp | 27]7)] 21| 30. 8A-=»PN + (to complement 8A)
27 28 321L)] 26| 24 | 1 - 8A—>MQ
32 36 | wslul o i
37
36
vl 57101 2L | Multiply to reduce to radians.
' INew argurmment u=2jTA or 7T, ~2A
. : (modulo '*r/h)




MEMURANLUM N J€ L Yovember 1957

-5 -
a Page 2 of 5

G-15D Prepared by 4 1 4o Costs Date: 6-14-57
OSINE DOUBLE PRECISION, . FIXED POINT Line _O2

Los Angeles 45, California

NOTES

[ )

Ll 26| 22 u—>224 7
7L 22| 25 u—> ID
L] 25 24 u—MQ
of| 24 | 31 Multiply: (PN)=u?
L] 26| 22 wl—>22p 3
4 25 26 21| gs 89 | 90jo} o1 | 28 Sin,0oeff. Sel, Comd, —>AR
28 29 30 3 ||<89 wll 26 | 29fn] on| 26 | Cy3= (01.2L,25) —>PN
2 3 % 3| oo |ul | sulol 23] ] | crear
L} 25| 21 Clear 21, 2
0f 31| 31 Obey AR i T
y| o | 26 [ D1 cy—spu
48 49 50 51 ) o 30 | 38f7] 22| 30 | 1 suwtract fi47 from Cj

52 8 54 55 (C3 =~ £347=85)

Subtract L from timing

% 3 B B[ g o6 | w3
0 o0 2 8 © | us
4 45 46 4 QAR) alenl 2

56 57 58 59 38 Lo | bs|3] orf 29 number of Sel. Cmd.
60 61 62 63 | 10 (hex) 0L0000O
All ffiei
B4 65 68 67 | Ls wr | wlo| 22| a (AR)>O0 ? sompleseds

68 6 70 71| Lo 26| 2 || |NeEd g, —>mo
nn uB|a
BN .Y s
80 81 € 8| 5 26 | 21 £; = ulgy—>215 4 —

84 85 88 &7 _Pos,] Exit from loop

8 689 90 91 | )8 50 | su|3| oo| 29 || | Constant=(01.50)}=2>AR+
22 8 8 8| 5 H (hex) zylxO3u = constant to

22 | 25 uw2—>1D

ON
N

75
91

2L | 31 Multiply (Double Precision)

&

& o (& & |o

i

2
&

- discriminate between sine
86 97 98 09 '! and cosine evaluation,
W uw w2 W o

e w4 us  ue
108-5.0

56 | s8lo] 281 27 “ (AR=0 ? (Sine or cos ?)
L (=0) Sin: Evaluation completeg




MEOARDUM NO. 32 - b L4 Iioventer 1957

Los Angeies 45, Calitornia '
' Page 3 of 5.

G-15D Prepared by A, J, da Costa Date: 6-1L-07

PROGRAM PROBLEM : SINE - COSINE DOUBLE PRECISION, FIXED POINT Line _01
b ————

o 1 2 3§ L |P {" N|C|]S|D "BP NOTES

4 5 6 7| 8 60 | 6hfl| 26| 25 sin u/2u—>ID

g 8 1 N{ g 68 | 72|ul 22| 2 w = (224 1) —>HQ

12 13 W B 73 vy | 82]o0} 2} 21 Mul‘biply; (PN)=% sin u

B 17 18 Wy g ﬂ oL | s6|u] 26| 22 1 sin u—»2%9 1

20 21 2 23 ﬁh

24 25 2 21| s 87 | 90jo| o1 | 28 Cos.Coefficients Sel. Cnd. —>AR
28 29 30 3 |f<87 ufl 2 | 29]L] 01} 26 Cy5 = (01,22,23) —>"N
I . || ek o O Y vatuaticn)
¥ N B 3| (#0) (o5, evaluation comletec)
0 4 42 8B 5 62 | 10|L| 26| 22 1 o5 u —»22, 3

“w 5 & 4| 0 3| 6|l2| 2l 28 Aos, val, of Ionw =&

8 49 S0 51 76 “ 77 | 97]0| oL | 29 Add 1/8=(0L.77)

52 53 54 55 ! 97 99 | welo| 28| 2 |a] +1/8—>21,

5 57 S8 59 | . “ 03 | 28fc| 01| 20 Extractor LOO0000 —>204

60 61 62 63 | 28 JI 31 | 3ujo| 31y o7 ond bit of A0 ?

64 65 66 67 § 3 36 | u6]o| oo oo (=0) gin A=t 16)

66 69 70 T 35 |ul 6| w|2| 22| 22 (#0) sin & = 05 »

7 1B M ~$'Tvq11xn ;lfa :ét;ozouimerchange
% 1 18 18| ue| Jus| sifu]ee]oes |3 sin Al —>m

0 81 82 8| su| [s3] ss|u|es|er] |3sina=oc

84 85 86 & | 55 H 57| 7210 00| 00 (=0) Skip to 72

8 83 90 981 [ < F7 6ol2| 21| 28 (#0) |a] —> A%

92 93 94 9| 6o 61 | 620 28] 29 (AR) —> AR + (to double |a])
% 9 9 8| 62| |6 66]of 28] 2| | (w—pt0 (sim—>m)

U ur w2 W g 68 | 72|u] 25| 22 3 sin A=(ID) —>22, ,

wous U ' o
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PROGRAM PRODLEM: _ SINE = COSINE D

12
16
20
L]
28
32
38
40
44
48
52
96
60
64
68
n
18
80
84
88
82

19

G-15

1 2
§ &6
s 0
LF .
n nu
2 2
25 28
23 0
3 U
7 B
a
45 46
49 50
88 54
5 58
61 62
85 66
68 70
BN n
n 1
81 82
85 88
89 80
83 94
87 98

li November 1957

1

" \ lzjﬂjﬁiJ/’
\\J Los Angeles 45,Callitornia

Prepared by A ] da Costa
OUBLE _PRECISION, FIXED POINT

Page L ot 5
Date: 6-2=57
0l

3 | Nfc|s|D |

7 | iL| 221 25 [! '% cos AI"—"(222‘3)->ID‘

" 83[L | 25 | 27 3 cos A=0 7

15 1lofoo]oo || | (=0) sidp to amd, 32

18 H 9212 |.21 | 28 (20) |a| - ar

a3 9619 | 20 | 29 Add % circle

21 | 96 ﬂ 97 | wojo| 28| 2 " Add [2] + } to itears

J 1 w H w2 | uijo] 28] 2k (AR)—>-MQ (Sign —>ID)

3 | w “ w6 | 26|k ] 25| 22 % cos A—>22, 4

39 || 26 | 28 [ n1|o| 29| Reset overflow

43 " L1 Ly | 3170] 00| 0O " Skip to COmd, 31

a | Ly | 31jo0} 00| 00 " Skip to Cmd. 31

51 31 Return Command

55 |

59 COEFFICLENTS|OF POLYNOMIALS

63 (hex)

87 § w6 u 0C00000 ) C\= %

Ny ‘H soooooo}

B oo 0020000) C, =3

B w| | 80000005 J

8 | o2 0000000) _ Co=1/2:21

87 n 03 | boooooo}

o1 u ol " u uuuuuuv} C3=1/2-31
05 1 n 1555555,8

9 n 06 ﬂ wmwuwv] _ C)= 1/2:l1

ossssssj ‘




fENO iUy KO, 32 -8 - ' Ly November 1957

coo000o)

‘QV_OX)Q{.__CQ‘; = 1720131
0000000
7

. . Page S ot 5
G-15D , Prepared by A, J, da Costa Dote: 61107
PROGRAM PROBLEM : __ SINE - COSINE DOUBLE PRECISION, FIXED POINT Line __ 01
o 1 2 3 ' NOTES
4 § ¢ 1 222,92222 Ce = 1/2°51
s 9 w0 | o111111)
2 1 W15 | 05vOSV0)  Cg= 1/2009
o7 ow o | ~0n2xB2x) |
2 a2 2 2| | 00x00x0)  C7 = 1/207!
# %5 %8 2 H 5] | ~0006806 )
2 29 330 A l u01uOlu ) Cg = 1/2°81
2 N Wk | ~0000x03)
¥ 37 38 39 H | wilay)  Cq = 1/2091
0 4« 2 8| 1 H -00001713
“ &5 6 4| s - 293ycc)  Cyn= 1/24101
48 4 50 S | 19 . .sooooow)‘_
1253 S 55§ o _ | v9915u0) Gy = 1/2°11
% 5 58 58 { 5 0000003)
oo o8 8|, , 8276wT8)  Cyo = 1/20121

W on 82 8
TR LI T
(O I
CIE I TR i
% 9 9% 9

W U w2 ul

oR
-89




TITLE:

TECHNICAL APPLICATIONS MEMORANDUM NO. 33
18 November 1957

Programming Output to Punched Tape

PURPOSE: To provide information concerning formats and timing

in programs tor punching leader and data on tape.

EQUIPMENT AFFECTED: -15A, 0-15D, Flexowriter

EFFECTIVE DATE:s 18 November 1957

INSTRUCTION:

I.

Oeneral Digcussion

In punching blocks of data on tape and leader between blocks,

the choice of format and the length of leader required may

depend upon whether the tape is prepared solely for reentry

into the G-15, for transcription on a printing device such as

a Flexowriter, or for both., This memorandum discusses programming
considerations and describes two sequences of commands for

the automatic punching of a leader of any desired length,

followed by the punching of a record in any of several formats.

On tapes prepared for entry into the G-15, experience has
shown that each blnck of data should be preceded by a leader
at least 7 inches long. Occasionally a shorter leader may
suftice, or a slishtly longer one be Tequired, depending on
mechanical adjustments in an individual photo reader. For
quick visual recognition the leader would ideally be blank
except for sprocket holes; however, negative signs, periods,
or even gero digits do not interfere with proper data reading
and the verification of check sums.

Leader may be punched automatically under the control of only

the most significant format character stored in line 02 if a

punch command of the form O0l.N.0.10.31 is executed eijther in
consecutive drum cycles or in alternate cycles, or if & punch
command of the form W.00,N.0.10.31 is executed in consecutive drum
oycles., One punch stroke occurs for every two drum oycles, so a
desired length of leadsr may be obtained by programming a count of
20 drum cyclea or 10 punch strokes per inch of leader.

Tapes prepared only for transcription on a Flexowriter require
little or no leader between data blocks.
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3V
1

MEMORANDUM NO. 33 g

The data format on tapes for Flexowriter printing, or those
punched with simultaneous G-15 typeout, must include such control
characters as periods, tabs, carriage returns, etc. Howsver,

if nothing but the reentry of data into the G-~15 is Intended,
then reading time, tape stock and, especially, punching time

are conserved when the format i3 more conderiseds The most
economj.cal data format consists of 29 digits and an end (reload)
code, This format 3s not sultable for punching leader unless
1line 19 is clear and a G~15D "Set Ready" command Js exeouted
before output data is copjed into line 19.

II. 8ingle Format Punching

The simplest progrom punches both leader and data with a single
formcts This must bégin with a sign code, which may be followed
elther by 29 digits and an end code or by other characters if
roquired to control simultansous or subse2quent typing.

The following typical sequence of commands may be executed on
ei ther 0-15A or G-15D with output data stored 3n line 19 and any
format beginning with a sipmn code in the proper words of line
02, The ratio of the constants C3 and C2 determines the length

of leader.

Iocation T N C S D Notes

No To Ny 0 S 28 C1>0 — AR

Ny T, Np 3 8 29 C;>0 > AR+

No Tp N3 0 22 31 Sign (AR) -m Test
N3y 0L N ©0 103 Punch

N3 4 1 Anything except input/output

If 00<N3<Ty<Np& Ty~ 1<aN3<u7, then the punch command
occurs in conseoutive drum cycles and the length of leader is
approximately .05C3/02 inches. It the timing is such that the

- punch comrand is exeouted in alternate drum cycles, the leader
length 1s approximately C1/10C2 inches. Minus signs are
punchcd 4n thy leoodor 4S5 (19.u7) is negatives
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I1I.

Punching *ith change of Format

Although a sign code should be used Zfor punching leader, it may
be desirable to punch data in a format beginning with a digit
or other character. The format codes stored in word 03 of line
02 may be changedbetween leader and data punching iith no
interruption of punch cycles, if any one of the following
timing conditions is satisfled.

(a)

(b)

(c)

(a)

(e)

The format (02,03) may be changed betweer the last two
in a sequence of punch commands of the form 01.N.0.10.31,
executed in consecutive drum cycles, provided that the
number of executicns of this command, before the format

change, is even.

If an odd number of executions of a punch command of

the form 0l.N.0.10.31 occurs in consecutive drum cycles
before a change in format (02.03), then a punch command
of ejther the same form or W.00.N.0.10.31 must be executed
in the second drum cycle after the last punch command
preceding the format change.

The format (02.03) may be changed between the last two

in a sequence of punch commands of the form W.00.N.0.10.31,
executed in consecutive drum cycles, provided that the
nunber of executions of this command, before th:z format
change, 3s odd.

If an even number of executions of a punch command of
the form W.00.N.0.10.31 occurs in consecutive drum
cycles before a change of format (02.03), then a punch
command of either the same form or 01.N.0,10.31 must
be executed in the second drum cycle after the last
punch command preceding the format change.

The format (02.03) may be changed between the last two
in a 3equence of punch commands of the form Ol.N.0.J0.31,
executed in alternate drum cycles.

The simplest program giving a change of format after punching
leader applies either (b) or (d) above.
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Line 19 coatains outout catu: words G2, 0l, and CC oi line 02
contain the latter portion of the date iormaty word 03 or line U2

¢ .ntains any number whosc mosv si ni_icunt rex ¢i it is 0 or 9 'The
leadinz dortion of tne date punch foriet is otored in word O3 of a
long or short line or the odd half o1 a two word registere Cp and
Cp are any two >ositive constants whose ratio is approximately
teent times *-e nu-oer oi inches oi lewder to ve punchede

Location P T N C S D . Hotes

No o ¥ ©0.38 28 L =+ AR

Ny | ‘3 kK 3 S 29 Cp S iR+

Hp T, N3 0 22 31 Sign (AR) -» Test
3 *  # N O 20 31. P:nch leac:r

NB +1 03 N, 0 8 Cc Data iormat - 02,03
N, oL Ng 0 10 Zo Punch (19)

# . Use no reldix zad Tg = 01 . wne largest dnteser dn
tie ratdo C1/Cr 3o 33 vee Tenix Woend Ty = 00 if
%38 dnto jer s e,

cewosvw

The ounch comiand in NJ @ust oo wike.ved sa cosecutive drum cycles;
tucrciore COKil< TIKNZIQ Yy =igliz¢ ™t . t3& N <ule

ACTION 5Y: ALl personnel cuncerncds

AEFEXE CES: Tectmical avdlicetions Memorandum KNce 20
Tecanical Applications liemorandum oe 20
AEAKS:

(1) The techniques descrived in tlis ~cmorardum are less cumbersome
than tre sne anvplicd in tic 2rotre~ of Technical Aoplications
Memorandun 'os 2Ve

(2) This merorandun does nov ¢oly to G=15 sutout through Allel,

' s
N [ ,
PHEPAIED s Se He Lewis J/ o e / /
.7’ . [ L

ArPROVED s8i: Te Yanasajtas—

SHL/TY/mf



TECHNICAL APPLICATIONS MEMORANDUM NO. 39
| 9 June 1958

TITLE: Precession of Line 19
PURPOSE: A method for programming a four-word precession in Line 19

EQUIPMENT AFFECTED: 0O-15D
RFFECTIVE DATE: 9 June 1958

INSTRUCTION:

It is generally desirable to minimize the time of an output
from Line 19 by a succession of four-word precessions of the
data in that line until words ul - u7 are not all clear.

This can be accomplished by a sequence of four commands
requiring two drum cycles for each four-word precession.

Zeros are introduced into words 00 - 03. The computer must

be in the READY state before the following program is executed,
80 & teat for that condition may be necessary.

Joc P T N C S D Notes

w3 w o0 (L) o 19 27 (19.ul~u7) —> Test
(L) (L+#2) M) 0o 08 31 =0: Typeout
(L+1) ——— = = e a- y0: Exit

(M) (M+#2) 99 0 00 31 Set Ready

99 u w (L) o 19 27 (19.u0-u3) —» Test

The commands in locations L and M, which prepare for the
precession, must be executed in the same drum cycle not later
than time u3. No typeout actually occurs. The test in
location 99 must be executed in the following cycle, while
the precession is taking place. Therefore, 00 € L & 96;

98‘"6“20

If tape is to be punched, words 00 - 03 should not be all
clear before the precession. The precession should be
followed by one of the punch programs desciibed in Technical
Applications Memorandum No. 33.



MEMORANDM NO. 39 -2- 9 June 1958

ACTION BY: All personnel concerned.
REFERENCE: Technical Applications Memorandum No. 33
REMARKS: None

PREPARED BY: S. H. Lewis /J/Muw

APPROVED BY: T. Yamashita

SHL/TY/mab



SUPPLEMENT NO. I
To
TECHNICAL APPLICATIONS MEMCRANDUM NO. 39

Acknowledgment is made to Mr, Vincent F, Bobrowics of the I1linois
Power Company for his contribution of the supplement for the benefit
of the Bendix Computer Division and all the 0=15 users.

TITLES ' "Block" Precession of Line 19

PURPCSE? 1. To precesa faster than normal precession speaeds
2, To permit calculation during preceasion

EQUIPMENT AFFECTED: Bendix G-15D
EFFECTIVE DATE: 27 July 1959

INSTRUCTION:

The data used in several of our programs is in four word blocks. Some of
these programs call for precessing these blocks around the drum various
miltiples of four word times.

Ordinarily, precession of a four word block of data would take four drum
cycles plus four word times, Other calculations cannot take place during
this time,

Technical Applications Memorandum No, 39 outlines a method for programming
a four word precession in line 193 however, the application discussed in
Technical Applications Memorandum No, 39 does not provide a recirculating

type of precession,

K four command routine has been written which is an extension of the
technique outlined in Technical Applications Memorandum No., 39, In
programs that are not input-output limited, this routine can be used
to precess line 19, completely, eround the drum in & total of 120 word
times for a four word precesslon.



MEMORANDUM NO. 39 -2 - 27 July 1959
SUPPLEMENT NO. I

During this time other calculations can be performed during all but 1L
word times of the total 120, Information can be read from line 19 (in
unprecessed form) during the drum cycle that precession is taking place,

In the event that more than one block is to be precessed at a time, two
additional drum cycles would be required for each additional consecutive
four word precession, Calculation can take place during precession as
outlined above,

The program t¢ accomplish precession is as followss

L P I N ¢c s 1D
99 ul ul 0 08 31 Type (AR)
ul u3 w3 c 00 31 Set Ready
u3 u 00 00 9) 19 22 19.ul = ,u7 to L. 22
00 Calculation
u? Calculation

u? u 2 2l 0 22 19 L, 22 to 19,00 - .03

ol Next Command

In programming multiple "block™ precessions, it is only necessary to
loop back to location 99. For an optimized program, the loop should
return to location 99 in the same drum cycle as the command in location
ol above., Calculation may take pluce between O4 and 99.

Vincent F., Bobrowicz
I1linois Power Company



ILLINOIS POWER COMPANY
G-15D CODING SHEET

Problem: Te3% "Dlock® Precassion Poge_1 of 1
Date: __1/21/59
Prepored By:__Ya Fo Pobrovics u“ pos
ne
L P T N C S D |8P Notes
y] 00 jua] A 02 (0] 29 18 Clear L. 18
02 03 1 1 Nuaber Track to L. 18
05 A 1A LI c
05 Ju] 05 | 06 o[ 16 |19 Lo 18 to L. 19
L52) 08 _| 0 0} 29 | 23 _Clear 23,00
2 11 |12 |0} 12 N Gate typs = in
12 12 12 [0 28 N Ready?
13 16 | ol 1] 23 |28 _(23.00) to AR.
oL o5 | 98 |0} 20 | 27 Test (AR) for Nonezsro
s3 99 {wo (0|17 | m Bell Ring
wd w w2 (0| 09 n Type L. 19
w2, wy | w2 |0]16 | N HALT
yl! 5 ml | W |0f €8 | 3 Tyoe (AR) »
]l u} | u3 {0} OO 31 8et Ready "
v3 {u]l OO o Jo{ 19 22 (19,ul= ou?) to Lo 22 »
01 €0 | w7 |3] 00 | 29 Decranent (AR)
w] Jul 24 2L [0 22 19 (L.22) to 19,00 = .0} #»
| .2 0000001




of

1

3 y058003 yT67000  y666070  yS650%)
yAGA03D  y363000 y262000  y161000
y050000  xa3:000 xy3r0X  xx3x000

| wiw020  xvSvOD) xuON x959000
x838290  x7570%  x63560M9  x355000
xA54000  x33307)  x252030  x151000
x030270 wadz02)  wyty 2N wadx0X
w000 wdv000  wub 050 w949000
wB4AB0DY  wIAZ000  wh40DD)  wS4SCD0
WSA000 w3400  w202730  wlRleRd
w0i000d wa3z000 vy vidIx000
WIOR  wIV)  wGu)  v939008
w833000 1737000 v636000  v535000
vA34000  v333000 v232000  vl31000
v030000 us2:000 uy2y000 W ?«0%0
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TECHNICAL APPLICATIONS MEMORANDUN NO. 4O
11 July 1958
TITLEt The use of the Metalised Version of the Mylar Tape,.
PURPOSE: To prevent accidents
EQUIPMENT AFFECTED: G-15D
EFFECTIVE DATE: 11 July 1958

INSTRUCTIONS®

Recently experiments have been conducted in the use of the metalized version
of the Mylar Tape on the G-15 computer. It was found that because of the
conductive material on the tape, the Mylar Tape is very dangerous to use,
Not only serious damage to the machine could be done, but also it represents
a danger to human lives,

It is strongly recommended that the metalized version of the Mylar Tape
not be used on the G-15D Computer.

ACTION BY: All personnel concerned

REFERENCES: None

REMARKS s None

PREPARED BY:t T, Yamashita
APPROVED BY: T, Yamabhita



TECHNICAL APPLICATIONS MEMORANDUM NO. L1

TITLE: Special uses of the "Select command line and retura to
mark place® Commands (Ly N G 20 31)

PURPCSE: 1., To demonstrate a method of programming option
pslection which depends only on the position of the
computs switch,

2. Toehbornbeontlmmofthe!.kl C 20 31 as an
unconditional transfer command.

EQUIPMENT AFFECTED: G-15D
EFFECTIVE DATE: August 8, 1958
INSTRUCTION:

(1) The program can choose a loop depending on the position of the
compute switch (Go or BP) through the use of the breakpointed
nreturn to mark place" command (Ly N C 20 3i). If this command
is written with a "B.P." and if it is run at B.P. it will always
return to the mark regardless of the N number. If the T is written
equal to N then in normal "GO" operation the program will go to N
and not to the mark. It should be noted that the computer will not
halt on a B.P. return to mark place command (Ly N C 20 31-) but
will continue to the next command. (Refer to Technical Memorandum

#i). It will halt here.

An illustration of this follows: In "OO" operation typing is gated,
in B,P. typing is not gated.

L T N € S5 D

00 w 05 01 6 21 31 Mark place

01 u 02 02 0 19 00 L 19 ~= LOO

02 09 09 ) 20 il = Return to mark place
09 11 05 0 12 3l Gate typing

05 05 00 0 16 Y R HALT



MEMCRANDUM NO. L1 -2-

(2) The "Return to Mark Place®™ command can be used as an unconditional
transfer regardless of where the mark is if it is written in the
following form:

N N C 20 31

This will enable transferring without losing the existing mark or
making a new one. This is a modification of the Ly N C 20 31 command
referred to in Applications Technical Memorandum No. L. To achieve

the unconditional transfer effect the L, should always be set equal to N
as the computer does not start looking for a mark until the Ly time. An
illustration of this method follows. Although the mark is at T = ,05
and the L of the return to mark place is at =,02 the program always
gates typing. (It doesn't go to the mark place but to the N).

L T N c S D

00 w 05 01 6 21 31 Mark

o1 u 02 02 0 19 00 L9~ L0O

02 06 06 0 20 31 Return to mark

06 08 05 0 12 31 Gate typing

05 05 00 0 16 31 HALT
Action by: All personnel concerned.
hfprenées: Technical Memor, w. L dated 11 April 1957.
Prepared by: Basil Mikhalkin

Approved by: T. Yamashita



supplement MNo. 1

TECIINICAL APPLICATIONS MEMORANDUM # L1

Title: Additional Uses of the "Selec* Command Line and
Return to Mark Place" Command (Ly N C 20 31).

Purpose: 1, To dcmonstrate the use of this command as an
automatic loop counter,
2, To demoastrate the use of this command as 2
many-way switch.
Equipment Affected: G15D.
Effective Date: 2 January 1959

Instructions

A program may be required to execute a loop n times,
af%er which it will exit automatically to the marked place,
The technique to acccmplish this is to increment Ly each
tine through the loop.

T N C S D

00 01 02 0 01 28 01:01 = 12 19 1 20 31
02 yv 53 19 1 21 31

05 06 07 1 01 28 1 x 2-8
07 08 09 1 22 29
09 11 11 0 31 31 NCAR

This program will return to location N=19 until Lx=13,
14, - - reaches 20; at which time the command will search
for the mork = 53,

n = N-Lp

2, A program may be required to exit after completing a
number of distinct loops. To accomplish this we increment
(or decrement) N.

T N C s D
02 0 01 2 301 « 15 19 1 20
88 8& 05 0 28 2 01 31
05w 53 19 1 21 31



PAGE TWO

15 - Loop §

16 - Loop 4

17 ' - Loop 3

18 = Loop 2

19 ~ Loop 1

C3 04 06 1 22 28

¢6 07 08 3 01 29 Subtract 1 x 2~16
08 12 13 1 28 22

13 15 15 0 31 31 NCAR

This program will choose successive loops 1 through §
dependent upon the N position of the command,

3. This technique may also be used to exit upon the con-
vergence of a series by adding an increment to the looping
instruction if and only if the series has passed a test for
convergence, ‘

4, This is probably the most powerful looping instruction
in the computing field today.

John C, Laffan, Jr,

CJ:‘>C\(% Y .\&"D\’- ) C[V\ (j



TZCHNICAL APPLICATIONS MFMORANDUM NO. L2
28 July 1958

TITLE:s Standard Program Preparation Routine - Correction of an Error in
Decimal to Binary Conversion Routine

PURPOSE:s To avoid loss of informaticn in L,03.uly and L.03.uS when using
the "v" instruction

BQUIPMENT AFFECTED: G-15D
EFFECTIVE DATE: 28 July 1958

INSTRUCTION:

Attention has been called to the fact that using the "v" instruction in
the PPR magazine causes word positions 03.ul and 03.u5 to be cleared.

To correct existing PPR tapes, execute the following steps:

1. Place PPR magazine on photo-reader and read in the basic
package (Lines 15, 16, 17, 05).

2. Type "w0O (tab) s" and place the compute switch to break-
point repeatedly until the check sum "-7wOz6u2" is typed.

3. With the compute switch off, strike the { key with enable
on, then place the compute switch to GO.

4. Type "zu2 (tab) -y802357 (tab) s". The type~back should
be "-yB8023L43".

5. Type "290 (tab) 000001k (tab) s".

6. Type "x06 (tab) s" and punch the corrected line. The
check sum will be "-7w0z6u2",

7. Replace the incorrect line in the magazine with the
correct one (after first rereading to insure punching
is correct). :



MEMORANDUM NO. 42 “2a 28 July 1958

ACTION BY: All personnel concerned

REFERENCES: G-15D Operating Manual
Technical Applications Memorandum No. 38

REMARKS ¢ None

PREPARED BY: E. S. Williams // Hilliamae

APPROVED BY: T. Yamashita
EW/TY/bg |



TECANICAL APPLICATIONS MEMORANDUM NO. Ll

TITLE: Miscellaneous optional modifications to the Intercom
1000 system, dated August 24, 1958 and January 1k, 1959,

NOTB: This memo is not applicable for Intercom 1000
tapes dated other than noted,

PURPOBE: 1l. To provide advanced preliminary information on
optional changes that can be made to the Intercom
1000 system.

a. Elimination of input verifications - Intercom
1000 double precision.

b. Elimination of input verifications - Intercom
1000 single precision.

c. The desk calculator mdde.

d, The storing of Intercom 1000 -double precision
using the Magnetic Tape Bervice Routine.

BEQUIPMENT AFFECTED: G-15D
EFRECTIVE DATE: 1 Decamber 1959

INBTRUCTION:

a. ELIMINATION OF INPUT VERIFICATIONS - INTERCOM 1000 DOUBLE
PRECISION.

The following changes to the basic INTERCOM Package ma.ke it possibdble
to eliminate the type-back of input.

To eliminate the type back of



MEMORANDUM NO. 44 -2 - 1 December 1959

A, Commands
Computer Operator * Computer
1. - 500816 C. R.
2. 816 1w39752 1w39752 C. R.
3. 817 0670000/ Ring Bell

B. Numbers

Computer Operator * Computer
1. - 500282 ' C. R.
2. 282 : -x8336L45 -x833645 C. R.
3. 283 0500727/ . C.R.
L, T27 682vz86 682vz86 C. R.
5. 728 0670600/ Ring Bell

* Rach of the operetions performed by the operator must be followed
by a “"tab s".

b. HBLIMINATION OF INPUT VERIFICATIONS - INT¥RCOM 100C SINGLE
PRECISION. '

™e commands listed under "A" must be placed in Intercon for *the
elimination of input verification of numbers both fixed and floating.
The commands under "B" must be placed in Intercom to eliminate the
typeback of commands during input.

A. 02.7h u5. ult, 5e 20.31
05.ult 00. &. o 21. 28
B. 0b.ul we30eub.5.21.31
05.uk 00. 8. 0. 21, 28

The above commands are expressed in I'PR langnage. To use Intercom
as a means of input for these commands they must be expressed in
sexadecimal. The following is a sexadecimal representation of the
commands above: '



MEMORANDUM NO. Lk -3- 1 December 1959

A. 02.T4 689296~
05.uls 802vwo5
B. 06.ul 986vzyt-
05.ubs 802vw05

Since the command input routine for Intercom doesn't accept

negative numbers, it is necessary to clear and subtract the numbers
in 02,74 and 06.ul and store these numbers back with the minus sign
attached. Please note the enclosed sheet for example.

c. THE DESK CALCULATOR MODE.

When in the manual mode of operation, INTERCOM may be treated as a desk
calculator -- that is, when 8ny arithmetic command is executed, the re-
sult of its execution will be typed out in fixed-point, followed by a
tab., Before operating INTERCOM as a desk calculator, perform the opera-
tions listed under A. Before attempting to execute a program in the
automatic mode, perform the operations listed under B.

A.
Computer Operator * Computer
1. - 500871 C. R,
2. , 871 386vz83 386vz83 C. R.
3. 8712 0500136/ C. R.
L, 136 -ul2vgh2 -ul2vgk2 C. R.
Se 137 0670000/ Ring Bell
B.
1. -——- 500871 Ce. AR.
2. 871 152vz51 152vz51 Ce R.

3. 872 0670000/ Ring Bell



MEMORANDUM NO. 4k -4 - 1 December 1959

* Each of the operations performed by the operator must be followéd
by a "tab s".

d. THE STCRING OF INTERCOM 1000 DOUBLE PRECISION USING THE
MAGNETIC TAPE SERVICE ROUTINE.

Assuming f;hnt the computer is on, the Magnetic Tape Unit is on and
INTERCOM 1C00 D.P. is in memcry, four constants must be stored in
Line 05 tefore INTERCOM 1000 D.P. can be written on magnetic tape.

Store the following constants in Line 05, words 00, 01, OL and 05, .
respectively, using the INTERCOM irnput mode initiated by op code 0.
(Type in commands).

810vLhlo-
002vz00

2220022«
Z22222Z%~

Write on magnetic tape the lines 00, 01, 02, 03, Ok; 06, 07 and
08 followed by line 05. Instruct the "Magnetic Tape Service Routine"

that the last line to be written is line 05 and that execution is
to begin with word 00 of line 05.

ACTION BY: All personnel concerned

REFERENCES: Applications Project No. 61
Magnetic Tape Service Routine

PREPARED BY: Don Hassell

APPROVED BY: T. Yamashita
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