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1.0

1.l

1.2

SECTION |
INTRODUCTION

INTRODUCTION TO THE DA-1

The Digital Differential Analyzer, Model DA-1, is one of the many
electronic devices manufactured by the Bendix Computer Division of
The Bendix Corporation (See Figure 1).

This machine provides a simple means for programming the numerical
solutions of problems which can be expressed in the form of differ-
ential equations, including linear and non-linear simultaneous

equations, solutions for roots of trenscendental equations, and the

simulation of many reel systems.

OBJECT AND SCOPE

In order to solve differential equations on a general purpose computer
without a differential analyzer attachment, it is necessary to trans-
form the equation into suitable arithmetic form by use of techniques
of numericel anelysis and then to formulate coded instructions for the
computer. This process is both time consuming and costly.

By meking use of the DA-1 Accessory, the differential equations

are fed into the computer, and their solutions, in digitel form,

are realized. These diglitel solutions can be plotted on a greph by
using the Bendix PA-3 Plotter. The DA-1 may elso be used in com=
bination with a graph follower. The follower is used for feeding deta
into the DA-1 from the already plotted graph with the use of a photo
sensitive attachment. A greater accuracy mey be obtained from the
DA-1 thean is possible from earlier differential anelyzers which are

of an analog type.

HISTORICAL DEVELOPMENT

The idea of a differential analyzer is not a new one., Lord Kelvin
conceived it in 1876. His brother actually constructed a mechanical
disc, ball and cylinder integrator.



1.3

About thirty years ago, Dr. V. Bush designed and constructed a wdrk-
ing mechanical differential analyzer at MIT. Soon after, the Soviets
had one built and operating in Leningraed. These mechanical analog
computers were followed by electronic analog designs in which inte-
gration is carried on by voltage changes using time as the indepen-

dent variable.

A more recent innovation in the computing field than even the elec-
tronic analog computer is the Digital Differential Analyzer. The
forerunner of the present-day digital differential analyzers was
built at Northrop Aircraft Corporation under an Air Force contract.
Although the prototype computer was designed for possible airborne
applications, it did not take long for the designers to realize the
commercial possibilities of the computer. A production model com-
puter was built and placed on the market in 1950. A series of un-
fortunate circumstances, and the awkwardness experienced in its use,

delayed its widespread acceptance.

Later, more mature versions of the digital differential analyzer were
in commercial production, and one was the D-12 produced by The

Bendix Corporation. However, the D-12 is no longer in production.

The DA-1 was developed by Bendix in an effort to eliminate undesir-
able features inherent in the use of general purpose or analog com-
puters. The DA-1 is used in conjunction with the G-15 general purpose
computer for the programming of some highly involved problems. It

is easier to program, and has greater accuracy and versatility than

analog computers,

THE BASIC PRINCIPLES

Basically, a machine which is capable of solving ordinary differen-
tiael equations need only consist of a number of integrating mecha-
nisms, connected together so that the assembly can be constrained
to solve any type of differential equation. The interconnections

are developed from the various terms and their relationships.



The DA-1 is functionally a hybrid. It hemdles information and per-
forms arithmetic operations digitally as would a general purpose
digital computer, but its programming is based on the same concépt
of integrators which forms the foundation of the mechanical and
electronic analog differentisl analyzers. The means of execution
embodied in the DA-1, the use of digital techniques and the assoc-
iation with a general purpose computer, permits an accuracy,
versatility end ease of use which greatly extend the range of use-
fulness of this machine.

The basic computing unit in the differential analyzer 1s the
"integrator". A detailed representation of an integrator is given
in Section II. For the present, an integrator may be thought of asi
a physical unit (a black box) which has two input lines and one
output line as shown in Figure 2.

dx

dz

ydx Y dz K P—e=Kdz

Figure 2. DA-1 Integrator

These units (black boxes) may be interconnected so that the output
lines of some integrators become the input lines of the others.

The inputs are differentials of dependent and independent variables
arising from the differential equations being solved. They are
called "dy" and "dx", respectively.

An idea of how integrators can be ﬁsed to program the solution of
a differentisl equation, is shown by a simple example in Figure 3.




The details will be discussed in the latter part of the manual.

2
a7y

For example, equation 3 5+ %% - y2 = 0 1s to be solved for
X

¥, which is the dependent variable.

The equation could be easily transformed into a more desireble
form: 8%y - "% + ye.
‘ dx
dx

d2y (ASSUMED WITHIN

d—xé THE INTEGRATOR) dx GENERATE dy dx GENERATES
IT INTEGRATES OR FROM d (%x) AND d(y2)
GENERATES  d (%) dx X FROM dy

' FEED BACK d (%’x%). -d(gﬂ + d(yZ)

EACH FIVE SIDED BLOCK REPRESENTS ONE INTEGRATOR

42y . dy _ 5.
dx2 dx

Figure 3. Simplified Diagram Integrator Connections

This problem is, of course, a trivial one., Problems having many
.more terms, with constant multipliers and with empirical functions
can be handled if desired. Mathematical functions such as algebraic,
trigonometric, exponential, logarithmic, hyperbolic, Bessel, and
probability may all be generated internally by integrator inter-
connectioné. However, it should be pointed out at this time that
the integrators are not physically separable because the inter-
connections between integrators are not made physically; i.e. by
means of wires or plug boards. These interconnections are made by
electronic coding means which involves time delay (or memory)

circuits.




After the information concerning each integrator is processed, it

is stored on the memory drum of the G-15 while the same circuits

process the other integrators.

The information is taken from the

memory drum only when the circuits are ready to process that parti-

cular integrator again.

The unmultiplied output of one integrator

could be gated as the input to the other integrator without being

stored on the memory drum.

OPERATOR
WITH CODING -
SHEETS -l

SLOW PAPER TAPE
ACCESSORY
FLEXO WRITER

TYPEWRITER
COUPLER

WITH

!

[

DATA MAG. TAPE

CARD

ACCESSORY

G-15

PROGRAM
MAG. TAPE

‘

DA-I

PA-2,3

[

MTA-2

FAST PAPER TAPE
ACCESSORY
PR-2, AN-1, PTP-I

SOLUTIONS

1.k

Figure k4.

G-15 and DA-1

(See Figure L.)

G-15, DA-1 and Accessories

The computing facllity of the G=15 may be used in conjunction with




THE CORNU SPIRAL

Plot of y vs. x where

2
y =/§sin _1r_zu_ du
0

Figure 5. The Cornu Spiral



l.h.1

l.k.2

the DA-1 for the programming of highly involved problems (segl
Figure L4). The DA-1 is controlled by the G-15 General Purﬁdse
Computer. The DA-1 has no memory of its own, and therefore, may
not be used independently. The input can be programmed from a
standard G-15 and be used with such other G-15 accessories as:
(1) PR-2, AN-1 (punched paper tape)

(2) CA-1 (punched cards)

(3) MrA-2 (magnetic tape)

(%) PFA-1 (greph follower).

Empirical functions input may also be programmed from any of the
G-15 input devices or from a graph follower. The output may be
recorded by G-15 output equipment.

PHYSICAL RELATION

Figure 4 shows the input and output accessories to the G-15 and
the DA-1.

The graph-plotter plots the relationship between two variables
generated by the computer in l/lOO inch increments on paper, having
a maximum size of 12 by 18 inches. It is an optional accessory to
the DA-1. Figure 5 shows a graph plotted by the graph-plotter
(PA-3).

A photo of the interconnecting cable connections are shown in

Figure 6.

COMMUNICATION BETWEEN G-15 and DA-1

The DA-1 has a capacity of 108 integrators and 108 multiplier con-
stants. This, however, does not imply that there exists duplica-
tions of hardware necessary to make up an integrator and a multi-
plier constant. Since the process of integration and multiplica-
tion is merely the manipulation of.thé contents of a particular
word time on the G-15 memory drum, and the DA-1 processes all long

lines during one cycle of operation, then there are 108 integrators



Figure 6. DA-1, G-15 Interconnecting Cables

and 108 multiplier constants available during one drum cycle

or iteration. Since a word time represents the processing

time of one integrator, then the maximum speed of the DA-1

is 34 iterations per second. An iteration is defined as one

G-15 drum cycle, during which time all of the 108 integrators
may be processed. The processing of information within the DA-1
is done in the same menner as in the G-15, i.e., all the informa-
tion is in binary form and is processed serially. The memory
lines used by the combined operation of G-15 and DA-1 are listed
in paragraph l.4.3. The purpose of each of these lines and

the form in which information appears in them is also given.




l.4.3

MEMORY DRUM UTILIZATION

There are twenty - 108 word lines or "long lines" on the magnetic
drum in the G-15 computer. When the DA-1 1s connected end running,

fourteen of these lines plus two "short lines" are used as follows:

Line
Control Information 18
Y Registers | 17
R Registers 16
K Registers 15
r Registers 14
Output (Z Lines) 21, 22
dy ADDRESSES (If DAPPER-1A or DAPPER -2 is used).
27 Integrator Operation 13
54 Integrator Operation 12, 13
81 Integrator Operation 11, 12, 13

108 Integrator Operation 10, 11, 12, 13

dx ADDRESSES (If DAPPER-1A or DAPPER -2 is used).

27 Integrator Operation 9
54 Integrator Operation 8, 9
81 Integrator Operation 7, 8, 9

108 Integrator Operation

Yo REGISTERS (If DAPPER-1A or DAPPER -2 is used).
27, 54k, 81 Integrator Operation 10
108 Integrator Operation 5

Routine Dapper-lA or Dapper-2 requires for its program the remain-
ing long lines on the drum. Long memory lines availsble for general
use by the programmer when the DA-1 is in operation are summarized
below:
| 27 Integrator Operation 5, 6, T, 8, 11, 12
54 Integrator Operation’ 5, 6, T, 11
81 Integrator Operation 5, 6



1.5 WORD STRUCTURE G-15 and DA-1
The DA-1-Accessory utilizes the memory drum of the G-15 for in-
formation storage during computation as shown in Figure 7.
SIGN
NUMBER PORTION BIT
- A~ ~N
7
T29|T28[T27]T26|T25[T24|T23 22| T21 |T20|TI9|TI8 |17 |TI6|TI5 {T1a | T3 |12 T |Tio| To| T8 |T7 |16 | 75| T | T3 | T2 %
ONE_WORD (G15)
OVER FLOW
(NOT USED) NUMBER PORTION
- - ~

7
TZQ% T27

T26|T25|T24{T23|T22(T2I{T20|TI9 |TI8|TI7 [TI6 | TIS|T14| TI3|TI2] T {TIO[ T9 (T8 | T7 | T6 | T5 | T4 | T3

T2

{

SIGN BIT

ONE WORD (INTEGRATOR) DA-|

10

Figure 7. Word Structure G-15 and DA-1

Each of the 108 word times on the drum periphery corresponds to

one integrator time. On the whole, the structure of an integrator
in the DA-1 is the same as that of one word in G-15, but there are
some preassigned differences for different bit positions. Figure 7
clearly shows the difference between the two. T28 is considered

as the sign bit instead of Tl. T29 bit position is not used. In
o7 while in the G-15
It is necessary to know the distribution

the DA-1 the binary point is to the left of T
it is to the left of T29.
and nature of the information stored on the drum in order to under-
stand coding and the logic which will be described in the following

sections,




When the DA-1 is OFF, the G-15 has unlimited freedom in reading
-and writing in all portions of the memory.

When the DA-1 is ON, the G-15 can record any portion of the DA-1
information without restriction, except that the contents of
M21 and M22 will be precessing.

The following type of information appears in the G-15 memory
when DA-1 is ON.

Line 18 (Control Information): Can be written in a
normel manner. New data must obey the usual instructions
regarding the start pulse and T26 (the clear pulse).

Line 17 (Y or Integrend Register): The bit by bit logical
sum of the information to be used by DA-1 (Y) and the new
integrand value YN = (Y + dY) will be written into MLT.

Line 16 (R Register): The bit by bit logical sum of the
information to be used by DA-1 (R) and the new remsinder
RN is recorded into MlL6.

Line 15 (K Register): Can be written into in a normal manner

and is used as a multiplier constant.

Line 14 (r Register): The bit by bit logical sum of the infor-
mation to be used by the DA-1 (r) and the new remainder (rn) is
recorded in Line 1kL.

Line 06 - 13: There is no restriction on writing in these
lines when the DA-1 is ON.

Lines M21 and M22 (h word SHORT LINE): Writing is avoided
in these registers because they are precessing during DA-1
computation. If the contents of these two lines are
altered during an interruption in DA-1 computation, it will
make corresponding changes in the first cycle of DA-1
computation when the DA-1 is turned ON again,

11
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Line 05: The initial conditions of Integrend Y are stored
in this line when all the 108 integrators are being used
by the plotter. But, in Memo No. 723, a change can be

made to use 81 integrators when the plotter is used with
the DA-1, This will free line 05 and 06 for general pur-

pose programming.



2.0

2.1

SECTION i
INTEGRATORS

THE INTEGRATOR

Each of the operational units in a digital differential analyzer
is called an integrator because of the type of operation which it
may perform. This operation is the performance of quadratures,
in accordance with a fixed program which results in an approxi-
mation to integration. Before we discuss the actual process of
integration, it would be advisable to discuss the original ideas

and developments of the integrator.

ORIGINAL MECHANICAL TYPE OF INTEGRATOR

The original differential analyzers accomplished the operation of

integration mechanically. This was accomplished by Dr. V. Bush with

the use of a wheel and a disc, as shown in Figure 8.

Y/ . q,dx

Figure 8. Mechanical Integrator

The primary input, or independent variable dx, can be thought of
as the rotation of a constant speed motor. The secondary input,
or dependent variable, is introduced to the shaft of the wheel
as indicated by Y motion of the shaft.

13
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Any incremental rotation of the disc dx, causes a rotation of the
wheel dz, proportional to Y and dx and inversely proportional to
the size of the wheel R. The angular incremental rotation of the

wheel may, therefore, be defined as:

Y dx = Rdz
or
Y
dz = ﬁ' dx

If, at the time X is rotated, a differential input dy is applied
to the lead screw, the shaft position Z is proportional to the

integral of y with respect to x, or

1
Z—ﬁ—/ydx

The following example will show how this mechanical integrator is

used to find the area under a hypothetical curve, see Figure 9.

dy y=f(x)

Yo

’_\-—-ydx=dz

o

—qu'q— —_eX

Figure 9. Integration of Hypothetical Function

Consider the Y motion of the shaft as representing some function
of X; Y =)F (x). Also, consider that an incremental output; dz,

represents a unit of area; dx in width and one unit in height.
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If the physical dimensions of the integrator are such that dné
revolution of the wheel occurs each time an increment of area has
been traversed, then to establish the total instantaneous value
of the area, Z, it is necessary only to accumulate a count of the
number of revolutions the wheel has gone through. A mechanical
adder could be simulated by a differential gear where the output
of the adder, which would be in the form of a rotating shaft,
would be the sum of its inputs,

A mechanical constant multiplier could very well be represented
by a gear train. It is also concelvable that the integrator could
be used for this purpose simply by setting Y to some constant

value; hence, the input rotation, x, would be directly proportional‘

to the output, or the Z rotation.

DIGITAL TYPE INTEGRATOR

The digital integrator operates in a manner very similar to the
mechanical integrator. Where as, the mechanical integrator in-
dicates an incremental output, dZ, by a specific amount of rotation
of the wheel, the digitel integrator indicates the same incre-
mental output by a pulse. The accumulation of the dy's takes place
in the Y register as shown in Figure 10.

The instantaneous value accu- Y - REGISTER
mulated in the Y register is
added to the R register when- In

ever there is a dx pulse. dy
This dx pulse controls the 3152|510
flow of the contents of the

Y register to the R register.
This value represents the in- Yn dx
cremental area Yn dx. The R Agil
register will eventually over-

R - REGISTER

flow and generate the dz pulse,

dx

dz

which, as before, indicates Figure 10. Digital Integrator

15



that an incremental area of dx width and one unit in height has
been traversed. Since only some fraction of the last Yn dx will
cause the overflow to occur, the remainder must be retained and
be added to the following ¥Yn dx values. For this reason, we

refer to this register as the R (Remainder) register.

Multiplication by a constant is also analogous to the mechanical
system. Suppose that we wish to multiply the incremental outputs
dz, by the constant 1/2. Mechanically, this could have been done
by applying dZ in place of dx, and placing the wheel in such a
position that it would require two rotations (or dz's) of the
disc to turn the wheel one revolution. This would result in an
output equal to one-half of the input. As the hardware of the
mechanical integrator can be used in multiplication, the DA-1,

in the same manner, can provide a method of multiplication by a

constant using the components of an integrator.

Figure 11 illustrates a method

of doing this., The contents of

K - REGISTER the X register (constant) are

gated with dz and added into

the "r" (remainder) register.

Using the previous example of

one half, the K register will

dz contain the one half configura-
tion. The dz will gate one half
into the "r" register. This will

not cause overflow. However, the

second dz will gate in another

r - REGISTER ‘ >Kdz | one half. This second gating will

result in an overflow of the "r"

Figure 11. Multiplier Constant - "K" register, thus resulting in a

multiplied output, Kdz, or as
in the example, l/2 dz. This 1s the output which may be used as
inputs (dx, dy, or both) to other integrators.



2.3

FUNCTION OF THE INTEGRATOR
A detailed description of the functions of the integrator as being
used in the DA-1, is given in the following discussion.

2.3.1  DA-1 INTEGRATOR FUNCTION
Before discussing the process of integration in detail, a complete
understanding of Figure 13 would be helpful. The memory lines and the
selected integrator No. 32 is shown. It is obvious from the previous
discussion that numericel integration can be performed with two inte-
grators. An incremental output, dz, (which is equal to either +l, -1,
or zero) is obtained from one integrator so that dz = ydx.
The incremental outputs are accumulated in the Y register of a second
integrator in order to obtain;
X
z =/dz =[ ydx
X0
see Figure 12 for graphical explanation.
Y= f(x)
R \
—
X
AREA = Z =//— ydx
Aﬂf{t %o
Y
y = f (X)
Y
e
Xo X
X -

Figure 12, Simple Integration

17
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Consider that we want to evaluate the definite integral of y with
respect to X by continuously accumulating the area under the curve
Y = )[(Xj as X increases. The curve starts at the point (Xo, Yo).

If Y is the instantaneous value of Y = )E(X), each time X increases
by one increment dx, a rectangle of width dx and of height Y will
be added to the already accumilated area.

Each time an increment of area has been covered, a notification is
sent out and the total area is allowed to accumulate elsewhere. The
rectangle, width dx and unit height, is our increment of area repre~-

sented by a dz pulse as shown in Figure 12,

It is in this manner that the DA-1l integrator operates:

(a) Each integrator may receive two or more input lines of
information,
(b) The dx input notifies the integrator each time that X

has increased or decreased one increment.

(c) The dy line informs the integrator of the corresponding
changes in Y, and

(a) the dz line is the output through which the integrator
signals each time an increment of area has been traversed,

and is fed into another integrator as its dy input.

The second integrator will then contain its Y value, as the total
instantaneous value of the area Z. It is necessary for the inte-
grator to contain two registers, Y and R. Y algebraically accumu-
lates the value of Y = }F(X) and R conteins the fractional part of

increments of area. This value in the R register will range between
zero and one increment.

The actual digital operation is carried out in a simple manner.

dy increments are added to Y =‘f (x) algebraically. Each time a
dx pulse occurs, Y is added to the number which exists in the R

register.



Since neither register is cleared in the process, the R register
It is the overflow of the R register
which causes the output signal.

will overflow periodically.

The multipliéation of an integrator output by a constant K, is
The K
The other register, r, has the

similarly done by two registers as shown in Figure 11.
register has no modifying input,.
value in K added to it whenever a dz output occurs. The overflow

of the r register provides Kdz output signals.

Electronicelly, the Y, R, K and r registers are parallel channels
Each word-time in the
We can store information for

on the memory drum of the G-15 computer.
channels represents one integrator.
108 integrators on the drum. Consequently, integrators are pro-

cessed serially, beginning with integrator 00.

MULTIPLIER CONSTANT
—» CARRY

INTEGRATOR ——l

M INTEGRATOR

16-32 (LINE 16, INTEGRATOR 32)
R DOES NOT HAVE A SIGN BUT
HAS AN OUTPUT

17-32 (LINE 17, INTEGRATOR 32)

|

16-32 |
T28 [R (REMAINDER REGISTER)

CARRY

1433 [
28| r (remainder REGISTER)

~Thadyb +7

(ay countem) w
dy MI0,11,12,13 !
wo.n 2,13

Pl (I+2) 2134
) REYNGS = di(#1,0,71) Kd®_, 7o LINE 21 AND 22 (2LINES)
{uns 21 Exnsuncz
. - LINE 22 SIGN
I_ o e it 1833 ONE BIT PRECESSION
17-32 CONTROLS THE [ JK (MULTIPLIER CONSTANT] |
| ] Y (INTEGRAND) | ADDITION OF Y TO R ry
(M6,7,8,9)

_{ls e 33 gme ';gi£|+l‘;l“om 33&]

WORD TIME TO MAKE THE ADDITION
R+YNdx.

Figure 13.

Function of an Integrator, No. 32
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CONNECTION BETWEEN INTEGRATORS
\

\

Most of the engineering problems to be s&lved with the DA-1 take

the form of equations. The first step in obtaining the solution

is to arrange the integrators to generate all\of the terms appearing
in the equations. The generation of terms is accomplished by teking
the output of one integrator and feeding it into another integrator
as its inputs. The basic integrator equations can be represented
schematically., Each pentagonal and rectangular block represents

an integrator and its multiplier constant (coefficient), respec-

tively. Refer to Figure 3 for the generation of the following

function.
dgl dy 2
5 0t x - vy =0
dx

The following simple example will show how the multiplier constant

is used in the process of generating a function.

ax

;<}—
K Ydx = dz

Ydx = dz L Kl Ki

: <+—a

Y

1 dx

K 51{1 K2 Zdx

Kl Zdx
Kz <

Kldz = Ki Ydx
K 2 =/XOK1dz =/on‘Lde

Figure 14. Multiplier Constant Usage

It is assumed that prior to the receipt of any dy or dx inputs, the
Y registers of both integrators were empty. In the top integrator
in Figure lh, dy is integrated or accumulated to form Y. A dz
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output is generated with the independent variable dx. It is multi-

plied by the multiplier constant associated with the integrator
to form Kidz. The Kidz output is sent as the secondary input to

the lower integrator where it is again accumulated in its Y register.

This output is again multiplied by K, and the output KiKéde is used

2
as needed.

\
Similarly, the two inputs to an integrator can be tied together
as shown in Figure 15.

dx

i

X+C

T

—> K —K ( X+Cl)dx

Kdz

Figure 15. Quadratic Function

Kdz = K (X+Cl) dx which, when accumulated, will produce the
quadratic function:

C.+ K=K (—2XE+ C,X) +¢C

2 1 2

This is the general procedure for generating different functions.

Other examples can be formulated. Reference is made to the DA-1
Programming Manual for additionel information.

OTEER OPERATIONS OF INTEGRATORS

Integration is not the only type of operation that can be per-
formed by integrators. The other operations have nothing to do
with integration as such, but the name "integrator" is retained
in the interests of uniformity.

In all of these operations the integrator receives the same two

2l



inputs, dY and dX, and has an output, dZ. The method of operation
of the integrators when performing these other operations is dif—A
ferent from that explained in paragraph 2.3.1 and is determined by
the type of the result desired. None of these other operations
makes any use of the R register; the dZ output is not the overflow
of this register.

There are basically three types of special operations which an

integrator may perform: servo, decision, and adder operation.

2e¢3¢3.1  SERVO AND DECISION OPERATIONS

The operation of an integrator when performing either servo or de-
cision operation is essentially the same, differing only in the
mathematical sense as determined mainly by the initial conditions
set into the Y register of the integrator at the start of the
problem, The velue of the dZ incremental output on any given

cycle (i) is determined by the dX increment and the value held in
the Y register in that cycle. The following table shows the output

for different values of Y.

(@)

(a) ir2> |v| >1,az =
(bp) if0> Y>-1, az
(¢) ifO0O< Y<1 , 4z = ax
(a) if Y =0, az = 0

- dx

The main difference between the operation of the integrator as a
servo and as a decision integrator is the relative value about which

the Y register value is operating.

As the name implies, a servo should always have an output which
tends to reduce an error value to zero. The error value is actually
the value‘which the integrator holds in its Y register. This
indicates that the Y register value will operate around zero, and in
reality the Y register value is usually very small. The conditions
(b), (c) and (d) are the only ones used by a servo under these cir-

cumstances. A decision integrator, on the other hand, does not

22



necessarily have its Y value near zero. It can use the fact that
the output increments essentially reverse the sign as the integrand
passes through zero, [conditions (b) and (c@], or it can use the
condition that the output increments become zero when the inter-

grand exceeds one in absolute value.
2.3.3.2 ADDERS

An adder generates an incremental output which is the accumulated
sum of several incrementel inputs. The operation of an adder is
very similar to a servo in that the output increment is determined
in the same manner as in a servo. The difference between the two
is that an adder has the negative of its own output fed into itself
as a dY input., The resulting operation of an adder is as follows:

If the value in the Y register is slightly positive
on a glven iteration, the output increment will be positive,
On the next iteration this positive increment will be multi-
plied by -1 and used as a dY incremental input. This result=-
ing negative increment will be added algebraically to the Y
register value, making this value less positive. This will
continue until the valué in the Y register is reduced to

zero, at which time the output increments will become zero.

Likewise, if the value in the Y register is negative,
the output increment will be negative and the Y register
value will be increased until it is zero.

The term "adder" is reedily apparent when it is considered that other
dY incremental inputs are also present on each iteration (the series
of increments of the two variables which are being added together),
These increments will tend to make the Y register value other than
zero, i.e. positive when the increments are positive and negative
when they are negative, Hence, when one of the incoming increments

is positive, the adder will héve one, and only one, positive output
increment; when there is a negative'input increment, a negative output

increment will result.
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It can be seen then, that whenever either of the two (or more)
dy inputs have non-zero increments, the output of the adder is a
non-zero increment and the number of incremental outputs of the

adder is the sum of the incremental inputs from dy sources.
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3.1

3el.1

SECTION 1nl
DA-1 LOGIC

DA-1 LOGIC

The previous sections are the building blocks for the understand-
ing of the basic principles of the DA-1. It is presumed at this
stage the reader understands the function of the integrator and
the basic concepts of Boolean Algebra in addition to basic G-15
logic.

DA-1 BLOCK DIAGRAM (See Figures 16 and 17).

Physically, the registers mentioned in paragraph 1l.4.3 are
specifically located on the G-15 drum in lines 1k, 15, 16 and 17.
In addition to these lines, there are other long lines (eddress
lines) used to specify integrator interconnections and two four
word lines (2 lines) used to hold integrator outputs. M-18 is
used to provide scaling and mode control of each integrator.

The understanding of the flow of information is made quite easy

by Figure 16, Block Diagram and Figure 17, Flow Functional Diagram.
This will give an overall picture of the flow of informstion in the
DA-1.,

As T29 of word I-l is read, the dy register is loaded from one

of four dy counters (which, in turn, get information from Z lines
in addition to MLO, 11, 12 and 13 "dy address lines "). At T29
of word I-1, the DA-1 starts looking in line 18 for a start pulse.
At the next bit time after the start pulse has been read, two
operations start:

(1) dy is added to Y(M-17) which forms YN (new);
(2) YN is multiplied by dx in the Z lines and this YN°dx
is added to R to make RN = R + YNdx.

The dx pulse is looked for at the address specified by the dx
address lines (M6, 7, 8 and 9). dx can be a positive one, negative
one, Or zero ('lf 0< +1). Both of the above operations are

25
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3.1.2

complete at T28. The R register (M-16) may or may not have'énvover-
flow (i.e. a carry into the T28 position). The presence of a T28
carry of R + ¥N+dx is gated into the dz gate. Lack of an overflow
in the R register denotes that dz = O, The R register does not have
a sign bit and 1s absolute. YNedx can have either sign. The R
register can be made to overflow either positively or negatively.
Therefore, the sign of the overflow is the sign of the dz output:

it is also the sign of (Y + dy) dx = YN*dx. If this dz output
(unscaled output) of integrator "I" is to be used as an input to
another integrator, it must be read during T28 of word I.

The dz output, existence and sign, is held throughout word time I
+1 to control the addition of Kedz into r. K (the multiplier
constant) is held in M-15 and gated into the (K dz) gate where it
scales off dz. This output K dz is added into r. The addition
begins at T29 of word I and continues through T27 of word I +l.

The sign of dz controls the complementation of K if necessary.
The r register is held in line 1k. At T28 of word I +1, the
existence and direction of overflow of the r register provides the
existence and sign of the Kdz output of integrator I. The Kdz
output of integrator I is held until Tl of word I +2, at which
time it is recorded on the two Z lines, (M21, 22). The dz (Un-
multiplied) output is never recorded on the Z lines. The scaled
output of integrator "I" is recorded on two Z lines, i.e. M-21
for existence and M-22 for sign at Tl of word I +2. While the
DA-1 is in operation, these two lines undergo a precession of one
bit in each four word times, so the output of integrator I is in
T2 at word I +6, in T3 at I +10, and in T27 at word I +106.

Figure 18 shows the bit positions of all the integrator outputs
by integrator number during word times 3, 4, 5, and 6.
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TIMING

This section includes the discussion of the various important
signals which control the logical operation of the DA-1l. This
will help in understanding the internal logic of the machine to
be discussed in the following sections. The flow of information

in DA-1 has already been discussed.

The DAPPER-1 and DAPPER-2 programming routines convert decimal inte-
grator numbers into bit positions during the specification of inte-
grator interconnections; floating point decimal numbers and other scal-
ing data into words and bit-positions during numerical input, DA-1
words into decimal output form for typeout; and provide the user with

other input and control operations.

INTEGRAND (See Figure 18).

At the bottom of Figure 18 are shown words 17.06 and 18.06.

These contain the integrand and timing control information, re-
spectively, for integrator 06. Integrand number I corresponds to
word time I all around the drum (00-u7).

The complement form of Y and dY permits the use of the trailing
sign bit. Like AR register in the G-15, no "second pass" is needed

to correct the sign bit.

With the 4 bit dy register, it is possible to add the least signifi-
cant bit of dy into T25 position of the integrand. Other circuitry
establishes the low-order (right hand) limit of this addition at Tl.
One word of line 18 (M18) is shown in Figure 19.

The start pulse for the Y + dy addition in integrator I is initiated
by the right most bit in ML8-I, This bit must be located one bit

to the right of the position where the least significant bit of 4y
is to be added. It 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 T1 of word I. Integrator 00 is an exception
because the start pulse must be located between T1 and T24 in-
clusive of word OO and cen not be in word u7. There are two other

important pulses in M1S8.

I+1 I I-1

START PULSE COULD BE LOCATED FOR ALL INTEGRATORS EXCEPT “00"

CLEAR
PULSE START PULSE COULD BE LOCATED FOR ALL INTEGRATORS '
_T29 T28 T27 T26 T25 T24 T20 TI6 Ti2 T2 TI T29

~~
PRESENT ONLY FOR DECISION OPERATION

Figure 19. One Word Structure of Line ML8

Position T26 must have a "one" bit because it is a timing control
pulse required by the DA-1 hardware and has no programming im-
portance. The dy register is cleared beginning at T27 in prepara-
tion for the processing of the following integrator (I + 1),

T28 bit position specifies whether the output of the integrator
is of the dz = Ydx type or of the dz = (Sign Y) dx type. A "one"
bit in T28 (M-18) position calls for decision operation. The
result of R + (Y +dy) dx addition is ignored when T28 is present,
One flip-flop detects the (non-zero) existence of (Y + dy)dx and
at T28 this flip-flop is checked to determine the existence of
dz output on decision operation. This output has the sign of

(Y + dy)dx.

3.2.2 K, R, and "r" REGISTERS (See Figure 20),

The word structure of constant K (M;lE) is quite similar to that
of Y. The sign bit is in T28; the numerical portion extends from
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T27 down through T29 of the previous word (I-l) and is complemen-
ted if negative. Since the value of X is not changed by the DA-1,
there is no provision for overflow and T29 is available for nu-
merical use. K register for integrator I is located in word time
I + 1 because the Kdz output is restricted by the unmultiplied dz
output which is not available until T28.

I+2

I+l I

REGISTER "K" (M-15)
NUMERICAL VALUE OF K
o~

—_— REGISTER "R"
15 (I+1) NOT USED NUMERICAL VALUE OF R IN M-I6
—N -

27 16-1 T

~

TIT9 T
T
by
[
[
Pl
[
[ |

14-(I+1)

T
REGISTER “r" (M-14)
NUMERICAL VALUE OF F IN M-14
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Figure 20, Location and Word Structure of X, R and "r" Registers

The output of an integrator is the result of accumulated addition
of t Y into another register called the R register. R 1s held in
line 16 (in word I for integrator I). The value of R is restricted
to be positive, therefore, bit positions of T28 and T29 are not
used by DA-1. The numerical value of R extends from Tl to T27.

n_n

Register "r" corresponds exactly to register R in function. The
"r" register for integrator I is found in line 14 (I + 1),
The "r" register for integrator I extends from T27 of word I + 1
down to T29 of word I as does the numerical portion of K. T28 is

not used.

value of

INFORMATION ADDRESSING

Because of the addressing scheme based on 4 word short lines, each

integrator output is available for counting only every four word times.




362,14

Therefore, any dy counter must search for four word times in order
to be able to accept information from each of the 108 integrators.
Four dy counters are necessary because of the length of the Z lines.
The most appropriate arrangement of the counters is that they use
the same counter for integrators 00, O4, 08 - u0, and uk. A

second counter is used for Ol, 05, 09, ..., and u5. Similarly,
with the other two counters, the control of the counters is at the
discretion of the programmer. Other possible arrangements restrict
the number of integrator intercomnections. However, in specific
problems this may be feasible and could free some long lines of the

memory for generel purpose use.

The addressing of dx inputs is identical to that of dy inputs.
Lines 6, T, 8 and 9 are assoclated with dx counters 4, 3, 2, and 1

respectively. Each of the dx counters hold only one count (existence

end sign), and the circuit operation is such that if more than one
dx input i1s addressed, each term will be set as though the multiple
counts were presented simultaneously at "OR" gates on the input

terms.

The association of specific address lines with specific integrators
is at the programmer's discretion. The table given below indicates
the choices mede for DAPPER-1 and DAPPER-2 (Programming Routines for
DA-1).

LINE INTEGRATOR COUNTER LOCMI&PWT%F?O%S:
09 0 module L dx #1 3 module 4
08 10" L dx #2 o " ok
07 2 " 4 dx #3 1"k
06 3" L ax #4 & 4
13 o " dy #1 YA 3"k
12 1" L dy #2 YB o "
1 2 " ay #3 YC Lok
10 3" b dy # YD 2 "k
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3.245

Experiments with integrator numbering in a specific problem may in-

dicate that not all counters need to be

used for 108 integrator operations. The
counters will no longer search in uniform
four word blocks. In this event, one of
the address line selector switches in-
side the back panel of the DA-1 (shown in
Figure 21) can be opened, disconnecting
the associated counter. Thus, the assoc-
iated long line can be used for a general

purpose programe.

3.3 MANUAL CONTROL

Figure 21.

303-1

3.3.2

3L

The operation of the DA-1 is con-

Address Line Selector trolled from the G-15 typewriter.

Switches
G-15 COMMANDS
Command 01931 (27z) unconditionally starts the DA-l. This command must
be operative during word time u7. The dx inputs are supplied at TO time
(= T29 of u7) to integrator "O0" regardless of any counter dump pulses
or lack thereof in the dx address lines. Only inputs to integrator "OO"

are provided and the integrand must be non-zero to obtain any output.

Command 11931 (67z) unconditionally halts the DA-l. This command must

also be operative during word time u7.

Command 32821 (z9z) tests the GO flip-flop on the DA-1l. The CQ test
flip-flop in the G-15 is set if the DA-1 is off.

OVERFLOWS
An overflow in any integrand immediately halts DA-1 computation and sets

the G-15 overflow flip-flop.

If dx counter #l (associated with line 09) contains a non-zero dx at
time TO, DA-1 computation will halt (the automatic dx inputs to inte-
grator "0OO" will no longer be supplied). The G-15 overflow flip-flop
is not set.

In the DAPPER ROUTINE, dx counter #l is programmed to work with



3ok

3.b.1

integrator "00" by means of T29 in Line 9, Word 107.

When DAPPER detects a DA-1 halt during normal computation, it next
tests the overflow flip-flop to decide whether to call for a normal
typeout or to call for an overflow seeking procedure which allows
the typeout of the computation results at regular intervals.

LOGICAL EQUATIONS

In this section the logical equations are discussed and the respec-
tive timing diagrams are given. The equations are discussed accord-
ing to the flow of information with some necessary examples. A
frequent reference should be made to Figures 23, 24, and 25 for the
following discussion.

|Y + dy ADDER| Reference Figure 22,

The three terms involved in this adder are Y, dy and YC. The
addition is bit by bit and the output of the adder is YN and ¥N.

Y is the augend and is stored in ML7. dy is the addend and is the
output of the dy register. The additional carry term YC completes
the addition of dy to Y. Refer to Figure 22 to understand the
arrangement of the eight "and" gates which make various addition
terms for the adder to form YN and YN.

dy = Y1°ST| Yl is the output of Yl flip-flop of the dy register

and ST is the output of start flip-flow (STs = Nﬂ8‘§f). The bit by

bit sum of three terms is:

(1) |w = (Yedy-¥c) + (¥-ay-¥C) + (Y.dy.YC) + (Y¥.dy.YC)

= (Y°v1.sT.YC) +(Y-YL.ST-YC) + Y-Y1.ST-¥C) + (Y-YlesTeYC)
and,
(2) | = (Y-dy-¥C) + (Yedy-¥C) + (Yedy-YC}+ (Y-dy-YC)

= (Y-¥1°8T-yc) +(Y*YL*ST*YC) + (Y Y1°ST*YC) + Y-¥Y1-Sr*YC)
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3el.1.1

3.4.1.2

3.4.1.3

36

The addition of pulses in case of YN is shown in the Timing Diagram
No. 1 for integrator No. "OL"., The timing diagram for IN can be

similarly drawn.

|YC £f (CARRY)

YC is the output of YC flip-flop which handles the carry in the pro-
cess of addition. The handling of carry is very important as it is
the end carry that causes an overflow (T29) which halts the DA-1.
Therefore, the setting and resetting of YC flip-flop is controlled
by various "and" gates to handle the different possibilities. The
examples given in the following pages will show clearly where the
overflow occurs and how it is prevented by controlling the YC flip-
flop. The terms required to set and reset YC flip-flop are as

follows:

Yo, = YC*Y-dy = YCoY-Y1.ST

If YC is not set and the addend and augend are both high, the com-
bination of these terms sets YC flip-flop. Refer to Timing Diagram
No., 2 for ch' It is clear that YCS sets and not the output of

YC flip-flop. YC is necessary in order to avoid the conflict with

case C.

e = T28+YC+dyeY + T28.YC«(Y + dy)

For normal operation of the adder, the reset equation need only be
YCr = YCof:&?, but to detect against overflow in the adder (Y2;+ 1,
¥< -1) an additional feature has been incorporated. Refer to
Timing Diagram, No. 3. .

Normally, YC is reset at times other than T28 (sign bit). This
accounts for the first term of the YCr equation., Refer to example
D with regard to T28,

The second term [§T28-YC-(Y + dy) = (T28.YC-Y) + (T28~YC~dé§] is



obtained by the use of two "and" gates. The Jjustification of this
term and T28 of the first term is shown in the following examples:
Note
The negative numbers are in a comple-
mented form in the DA-1, and both the
complemented and uncomplemented forms

of YN are shown in the Chart, page 38.

3.4.1.4 Examples A, B, and C all show cases where the limits to the Y regis-
ter have not been exceeded. Note that in each of these cases Y, dy,
or both are negative (as indicated by T28 bit). Also, each case
results in a set condition of the YC flip-flop at T28. Examples D
and E show additions which cause Y to exceed the limits of the regis-
ter. Example D shows the addition of a (+) positive dy to a (+)
positive Y, resulting in YC flip-flop being high at T28. Example E
shows addition of a negative dy to a negative Y, resulting in YC
flip-flop being in the reset condition at T28, but high at T29. Both
cases show the state of Y register overflow. D has the YC flip-flop
high at T28 and E has the YC flip-flop high at T29. Since normal opera-
tion implies zeros in both Y and dy at T29, it may be assumed that a
set condition applied on YC. at T28 will result in YC being set at T29.
To determine, by observation of YC, whether or not an overflow has
occurred, we must be able to differentiate between Examples A, B and
C; and between Examples D and E. The qualifying signal T28 in the

first term (T28‘YC‘5§'Y) is also necessary for the differentiation
because YC must not be reset at T28 if Y and dy are positive - (Example D).

The second term of the reset equation T28.YC.(Y + dy) accomplishes
this differentiation by resetting the YC flip-flop at T28 if Y, dy,
or both are negative and YC is set. This means that YC will be set
at T29 if and only if the Y register has overflowed. If YC is set
at T29 (Y end dy being zero), one bit will be written on YN in the
T29 position (L + O + O = 1), This one bit in the T29 position of
YN is sensed as an overflow and halts the DA-l. See Timing Diagram,
No. 3 for Example E which illustrates the overflow.
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Y NOT OVERFLOWED NORMAL Y + dy ADDER ACTUAL Y + dy ADDER
o T29 T28 T27 T26 T25 T24k--T1 | T29 T28 T27 T26 T25 T24k --T1
Sign Sign

(A) YC = 1 1 0 0 0 © ©o 1L 0 0 0 0
Y=141/2 O 0 1 0 0 o O 0 1 0 0 O©
dy = - 1/2 O 1 1 0 0 o0 O 1L 1 0 0 O

¥YN=Y 4+ dy= O =1 0 O 0 0 O O 0 0 0O 0 O

(B) YC = =1 1 0 0 0 0 o 1 0 0 0 O
Y=-12 =0 1 1 0 0 0 0O 1 1 0 0 O
dy=+1/2 = 0 0 1 0 O O O 0 1 0o 0 ©°

YW=Y + dy= 0 =1 0 O O 0 O O 0 0 0O 0 O

(c) YC = =1 1 1 1 0 o0 O 1 1 1 o0 o
Y=-1/8 = 0 1 1 1 1 0 O 1 1 1 1 o0
dy =-1/8 = 0 1 1 1 1 o0 O 1 1 1 1 o

( COMPLEMENTED )

W=Y4+dy =-1/4 =1 1 1 1 0 0 O 1 1 1 o0 o0

YN = - 1/4 (UNCOMPLEMENTED ) & 0 1 0 1 0 O©

Y OVERFLOWED

(D) YC = =0 1 0 0 0 O 1 1L 0 0 o0 O°
Y=4+3/4 =0 0 1 1 0 O 0O 0 1 1 o0 o0
dy=+1/2 = 0 0 1 0 0 O O 0 1 o 0 o

YWW=Y+ dy=411/4= 0 1 0 1 O O 1 1L 0 1 o0 o°

(E) YC = =1 0 0 0 0 O 1 0 0 0 0 0©
Y=-3/4 =0 1 0 1 0 0 O 1L 0 1 0 O
dy =-1/2 = 0 1 1 0 0 © O 1 0 1 o0 0O

( COMPLEMENTED ) ,

YWN=Y+dy=-11/4 =1 0 1 1 0 O 1 0 1 1 o0 O

YN = - 1 1/4 (UNCOMPLEMENTED ) 1 1 1 0 1 0 O

NOTE: ALL THE NEGATIVE NUMBERS ARE IN COMPLEMENTED FORM.

38 COMPLEMENTED AND UNCOMPLEMENTED FORMS OF YN, CHART
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3.4.2

3. 4.2.1

3.4.2.2

3eke2.3

3ek.2.h

3eke2.5

YNdx GATE (See Figure 22.)

YN and YN "the output of (Y + dy) adder" is input to YN-dx‘gates
which consist of two "and" gates, two cathode followers (C.F.) and a
buffer inverter (B.I.). The other inputs to these gates are the
outputs of two flip-flops XS and XE (dx Sign and dx Exists). Refer
to Figure 22 which shows the four input terms to the two "and" gates

which are shown below:

YN dx = YN+XE-XS+ST + YN-XS:XE+ST = ST-XE (YN-XS + YNeXS)

(Refer to Timing Diagram, No. 4.)

The followlng explanation is given for the Jjustification of each

term involved in the output of these gates.

STXE This term shows that a start pulse has been read in M18
and that the integrator has received a dx pulse.

XS+ YN shows that the sign of dx was positive and the YN infor-

mation is passed through unmodified.

XS+ YN indicates that the sign of dx was negative, and the ™

is passed through.

The followlng example is given to show how to get ONE'S complement
and TWO'S complement as used in DA-1 arithmetic.

Example: If YN

YN

0.10101, then
1,01010

Now ONE'S.complement of YN is
1.11111 (ONE'S)
(Subtract YN) = -0.10101 (-YN)
1.01010 which is the same as YN.
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3ek4.3

3eke3.1

3.4.3.2

For TWO'S complement of YN:
1.11111

Add one bit to the least  +0.00001
significant bit position: 10.00000
(Subtract YN) = =-0.10101
1.01011 which is the same as YN,
plus one bit in the least

significant bit position.

Note that YN is equal to ONE'S complement of YN. To get the TWO'S
complement of YN, it is only necessary to add a single bit to the
YN in the least significant bit position.

R + YN dx ADDER (Refer to Figure 26.)

R + YN dx = RN

R is stored in M-16 of the G-15 memory. YN dx is the output of the
YN dx gate through a B.I. RC is the output of carry flip-flop for

the adder and R is the information already recorded in M-16. RN is
recorded back in M-16 and the carry (RC) is gated in to the 42 gate.

N = G0 [(R*YNax-RC) + (R-yNdx-RC) +(R.INax-RC) + (R-YNdx-RC)“

After the above accumulation is made, the new value of R (RN) is
recorded back on M-16. The four "and" gates (See Figure 23.) make
the above addition. The bit by bit addition of the above terms is
shown in Timing Diagram, No. 5.

RC (CARRY FLIP-FLOP)

Refer to Timing Diagram, No. 6.

RC, = XE*XS*ST*M18 + T28°R°*YNdx

The two "AND" gates formed by the above signals are required to set
the RC flip-flop. The Jjustification of the above equation is given

as follows:

XE«XS+-STeM18

L3
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3.4k

This is the term necessary to adjust for the ONE'S complementa-
tion mentioned before while discussing YNdx gate. It indicates
that:
(1) A dx has been addressed to the integrator.
(2) The dx has a negative sign.
(3) ST flip-flop is in the reset condition and a start
pulse is present in M-18.

Together, these terms set RC flip-flop for the first bit of an
incoming YNdx resulting from a negative (-) dx to correct the
ONE'S complement to TWO'S complement. Note that no information
gets through the YNdx gate until the ST flip-flop is set. The
same signals that set the ST flip-floﬁzalso sets RC if dx is
negative, so that the first bit through the YNdx gate has one
added to it.

T28+ReYNdx

The output of this "AND" gate sets RC when the addend and augend

are both one.
RC, = T28 + ST*R*YNdx (See Timing Diagram, No. 7)

RC flip-flop is reset unconditionally by T28 at the end of each
word so that the next integrator is assurred of starting properly.

ST-R.YNdx

This term is to reset RC when the addend and augend are both
zero. The RC reset terms are shown in Timing Diagram, No. T.
The output of this "AND" gate is used to make sure that RC is

reset even when there is nothing in the addend and augend terms.

dz GATE (See Figure 26 and Timing Diagram, No. 8.)

The contents of the R register are always considered positive,
i.e: (0 <R< 1) or +¥Ndx

-YNdx

L5
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YNdx is added to R. If YNdx is positive (+), the magnitude of
the number in R can only increase. If it increases above théi
upper limit, +1, (i.e. R + YNdx >+ l), this is called a positive
(+) dz. If YNAx is negative (-), the magnitude of the number in
R can only decrease. If it decreases below the lower limit, O,
(i.e. R-YNdx < O), this is called a negative (-) dz.

Examples A through D, following, show whether or not the limits

of the R register have been exceeded.

WHEN ¥YNdx IS POSITIVE:

A T29 T28 T27 T26 T25  Toh--Tl
R =1/2 0 1 0 0
YNdx = 5/8 0 1 0 1
RN = 9/8 1 0 0 1
RC flip-flop 1 o 0 0
B T29 T28 T27 T26 T25 T2hk--T1
R =1/2 0 1 0 0
Yndx = 1/8 0 0 0 1
RN =5/8 0 1 0 1
RC flip-flop 0 0 0 0

WHEN YNdx IS NEGATIVE:
T29 T28 T27 T26 T25 Toh--T1

c
R = 1/2 0 1 0 0

Ndx = -5/8 1 0 1 1 ( COMPLEMENTED )
RN = -1/8 1 1 1 1 ( COMPLEMENTED )
RC flip-flop 0 0 0 0

D T29 T28 T27 T26 T25 ToL--Tl

R = 1/2 0 1 0 0

Ndx = -1/h 1 1 1 0 ( COMPLEMENTED)
RN = 1/4 © 0 0 1 0

RC flip-flop O 1 0 0 0

b7
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L8

Examples A and B both show YNdx as positive, while C and D both- -
show YNdx as negative. Examples A and C both show overflow (CARRY)
of the R register, while B and D both show no overflow (CARRY) of

the R register. When YNdx is positive and RC 1s set at T28,

(Example A), an overflow (CARRY) or dz exists. Since R was increased
by YNdx, this is a-positive (+) dz.

When YNdx is negative and RC is reset at T28, (Example C), an over-
flow or dz exists. Since R was decreased by YNdx, this is a (-)
negative dz. We can determine the existence of an overflow by ob-
serving the sign of YNdx and the condition of the RC flip-flop. The
sign of YNdx is the sign of dz as is shown in the following table.

SIGN OF CONDITION OF dz OUTPUT

YNdx RC FLIP-FLOP AT T28 ﬁEXISTENCE AND SIGN)
+ Set + dz +1 Ternary
+ Reset 0

_ Set O:} O Output
- Reset - dz =1

Since the dz output is ternary, two flip-flops are necessary to
store a dz. These are called dZE (existence) and dZS (sign) flip-
flops; Refer to Figure 26, The following table shows all the pos -
sible conditions of dZ, dZE and 4ZS flip-flops.

dz (s VA azs
+ 1 Set Reset
t 0 Reset Reset

or

Set

-1 Set Set

The above discussion is to show how the dZ output (sign and exist-
ence) is handled in general. The following discussion shows how
these dZ flip-flops are controlled by verious signals.

dZs FLIP-FLOP



3.4.L.2

dZSs = GO*YNdXT28

dZSs is the set condition of the d4z8s flip-flop which shows that 4%

has a sign and it is negative. The controlling signals are:

[GO- YNdX-T28

This indicates that the sign of YNAX is negative. Since the output
pulse should have the same sign as YNAdX, this becomes a setting term
to the dZS flip-flop. If there is a 4% pulse, it is negative as R

is being diminished. Refer to Timing Diagram, No., 8, which shows the

bit by bit position of these terms.

dZSr = GO-YNdX.T28

The reset condition of dZS flip-flop shows that sign of YNAX is
positive. The dZ output is positive, since R is being increased.
Timing Diagram, No. 8 shows the bit positions of the controlling
terms for the resetting of dzs flip-flop.

dZE FLIP-FLOP (See Timing Diagram, No.9)

dZE_ = GO-T28 (YNdX-RC + YNAX-RC + M!8-SE)

dZE flip-flop is to detect the existence of dZ signai. The above
equation shows the terms which control the setting of dZE flip-flop.
The justification of each individual term is discussed below and the
timing relationship is shown in Timing Diagram, No. 9. The 4% output
can be taken directly to the output register without multiplying it,
and also to the KdZ gate for multiplying by constant K.

The overall effect of the pulse in T28 of Line 18 (M18) is to control
the dZE flip-flop by the contents of YN rather than by the arithmetic
in the R + YNdX adder.

Note

There is no change in the operation of dZS when
shifting to decision operation. The result is
that YN is non-zero and there will be an output
of like sign as YNAX.

L9
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This is interpreted by the programmer as dX multiplied by the
sign of YN.

GO.T28

This term restricts the setting of dZE to T28 (sign bit) when the
DA-1 is computing. It is the qualifying term for all the "and"
gates which set the dZE flip-flop. This is why the output of 4ZE

is one word time delayed.

YNdX-RC

This term indicates that YNdX has to be positive and if RC is set
at this time, i.e. RN is > + 1, there is an overflow that means dZ

exists. Therefore, dZE flip-flop gets set to note this 4z.

YNdX*RC

This term causes dZE to get set when YNAX is negative and the arith-
metic does not cause RC to get set, This indicates that a (-)

negative dZ has been generated.

[r08-sE]

This term is used to include the decision operation. It indicates
that a pulse at T28 in Line 18 (M18) will set dZE, if SE is set.
In other words, the integrator has a dZ output if the decision pulse

(T28) in Line 18 and the necessary signals to set SE are present.
See Timing Diagram, No. 10.

If T28 in MI8 is high, then the output of R + YNdx addition is
ignored. The non-zero existence of YNdx is detected and at T28 the
detector (a flip-flop) is inspected to determine the existence of
dz (dZ = sign YN dx) output for a decision or a servo operation.

The output has the sign of YNdx.

dZEr = GO*T28.M18 (YNAX*RC + YNAX+RC) + GO-T28.SE-M18

The dZE flip-flop has been set to record the existence of dZ pulse.
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It will remain set unless the gbove signals reset it, The Justi-
fication of the gbove signals is given in the following discussion.
Refer to Timing Diagram, No. 11 for timing signals. It is to be
noted specially that of the two terms, one is qualified by M8 end
the other by ML8.

GO*T28°MLB

This is the controlling signal for the first two terms to differ-

entiate between the normal operation and the decision operation.

INAX*RC

It indicates that although YNdX was positive, it did not cause R to

overflow.

YNdX-RC

This indicates that YNAX was negative and did not cause R to overflow.

GOT28+SE-M18

This term involves the decision operation. If there is a decision
pulse in Line 18 (ML8) and SE has not been set, the dZE flip-flop
will be reset which shows that:

(a) No dX has been addressed, or
(b) the ST flip-flop has not been set, or
(¢) YN is zero.

KdzZ GATE

This is Jjust an intermediate stage between r + KAZ adder and dZ gate,
This is for the scaling of the output of the dZ gate with a constant
"K", K is stored in Line 15 (ML5). The multiplication or scaling
is accomplished with two "and" gates.

KAZ = dZE (dZS°'ML5 + dzSeMl5)

The above equation takes care of both the possible forms of the
(positive and negative) output. If the unscaled output of the inte-
grator is present and it is to be scaled, the contents of Line 15 (K)
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3.4.6

3 h.6.1

3.b.6.2

will be the qualifying term for the "and" gates and the output is
allowed to be passed to the r + KdZ adder. When the 4% is pdsitive
(azE-azs),M15 (K) is gated, but when dZ is negative (dZE+dzs), MI5
(ONE'S complement of K) is gated. This is modified to TWO'S comple-
ment in r + KiZ adder. |

r + KiZ ADDER  (Reference Figure 27)

The remainder "r" is stored in Line 14 and KdZ is the multiplied
output of the KdZ gate. After the carry of the adder has been re-
corded, the new remainder (rn) is written back on Line 1L (MLLW).

In the following discussion r is replaced by Mllir.

rn = MLUW = GO (Ml4r-KdZZC + MLLreKAZ«ZC +
Mllr-Xdz*ZC + Mikr*XKaz*zc)

(Ssee Timing Diagram, No. 12). This equation is Jjust like equation

(RN) of R + YNAX adder in paragraph 3.4.3.1. The bit by bit addition

of the signals of only one "and" gate is shown in Timing Diagram,

No. 12. The value of "rn" is again recorded in Line 14 (MLLW) and
the carry goes to the Zi gate through ZC flip-flop.

zC (CARRY) FLIP-FLOP (See Timing Diagram, No. 13)

ZCs = dZES-dZSs + GO-T28.KdZ-MlbLr

The carry (ZC) flip-flop gets set when any one of the above two "and"
gates 1s qualified. Timing Diagram, No. 13 shows how the ZC (carry)
flip-flop gets set. The function of both "and" gates is given below.

dZE _-4ZS
s s

This term provides the necessary adjustment to convert ONE'S
complement out of KdZ gate to TWO'S complement. It indicates that
the unmultiplied output was negative.

GO*T28°KaZ *MLhr

This sets the carry flip-flop (Zc) during the writing of K4Z into
Line 14 (MLYW) when both the addend and the augend are one's.
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3 4.7

3.2-".8

3.4.8.1

30’"‘-802

ZCr = dZEr + dZSr + GO°T28°KAZ°Mlir o
Note that AZEr causes ZC flip-flop to get reset when there 1s no

unmultiplied output.

This also causes ZC flip-flop to be reset when the unmultiplied out-
put is positive,

GO«T28.KdzeMl Lr

This resets ZC when both addend and augend are zero, The timing
diagram can easily be drawn by referring to Timing Diagram, No. 13.

7Zi GATE (Refer to Figure 27 and 28),

The discussion of the overflows associated with Z1i gate 1s almost
the repetition of the discussion of overflows associated with 4Z
gate already stated in paragraph 3.4.4, so it will not be repeated

here.

OUTPUT REGISTER (Refer to Figure 28).

ZS FLIP-FLOP

ZSg = GO-T28-KAZ

7S is the sign flip-flop for the output Z. If it is set, Z is
negative. T28 in the setting signals given in the equation is to
show that K4dZ has to be negative to set ZS. Refer to Timing Diagram,
No. 14 for easy check.

This shows that ZS will never stay in the set condition for more
than one bit time because its own true output (ZS) serves as its

reset term (ZSr). It is also shown in Timing Diagram, No. 14,

ZE FLIP-FLOP (Refer to Figure 27).
ZEs = GO-T28°(K3dZ*ZC + K4Z*ZC)
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56

The existence of Z (ZE) is possible under both conditions (positi?e
and negative). The signals given in the above equations specify

both conditions.

GO*T28

This is the qualifying term for both "and" gates.

Kaz-2c

If the KAZ is positive and causes a carry in the r + KdZ adder at
T28, Z exists and it is positive.

Kdz°ZC

If a negative KAZ does not cause a carry at T28, Z exists but it is

negative,

ZEr = ZE

ZE will never be in the set condition for more than one bit time
because its own true output serves as a reset term unconditionally.
The ZEs and ZEr signals are shown in Timing Disgram, No. 15.

ZT FLIP-FLOP  (Refer to Figure 23 and 28).

ZT is the true output of ZT flip-flop which is assoclated with ZS
flip-flop to record and precess the sign of the output. ZT is
recorded in Line 22 (M-22, L-word line) for precession and recir-
culation. Also, it generates ON signal (output negative) which
goes to the dy counters. ZT shows that output is positive and it
generates (OP) signal which goes to the dX and dy counters. The
control of ZT flip-flop is as follows:

Zr_ = GO-T28 (M22 + ZS) = GO-T2B.M22 + GO-T2BZS

GO-T28.28

GO+T28 controls the setting of ZS flip-flop, but GO 728 controls
the setting of ZT flip-flop. It is clear that ZS output will be



3.4.8.3.1

3.4.8.3.2

high for T29. Therefore, ZT output will be high for Tl of the
following word, i.e. (I + 2).

GO-T28*M22

M22 is used for recirculation and one bit precession of the sign

bit. The Timing Diagram, No. 18 shows the ZTs signals.

ZT+GO qualify the "end" gate for the sign bit (ZT-GO = M22W) to be

written in M22 for recirculation and one bit precession.

ZTr = GO (T28 + M22°ZS)

GO°*T28: - This term resets ZT to avoid T28 (sign bit) being recorded
in line 22, and helps to generate OP (output positive) signal.
GO+T28 erases the previous ON signals after they have been precessed
from T1 through T28.

GO*M22°ZS
This is to show that if the output sign does not exist, it is positive.

See Timing Diagram, No. 16.

ON SIGNAL (OUTPUT NEGATIVE)

dZSs + ZT-GO-P2
dZSs + ZT+GO (T28 + T29)

ON

dZSs+ON signal is present when the dZSs is taken directly to the output
register and from there to the dy counter. It shows that sign of 4z

exists, i.e., dZ is negative.

ZT+GOP2

ZT is the true output of ZT flip-flop which is high during Tl of next
word time. To make sure that ON is not high because of ZT at T28 or

T29, P2 term is included. See Timing Diagram, No. 16.

OP SIGNAL (OUTPUT POSITIVE)

OP = dZSr + ZT+GO-P2
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3.4.8.4

3.4.9

3.4.9.1

3.4.9.2

OP signal is the same as the absence of the ON signal. Therefore,
the control signals for the "and" gates are the same except that the

qualifying term is ZT. See Timing Diagram, No. 16.

ZF FLIP-FLOP

ZF flip-flop is associated with ZE flip-flop which shows that the
output exists. The output ZF is recorded in Line 21 (M2lW). ZF is
the controlling flip-flop for the output. The setting and resetting
terms are almost the same as that of ZT flip-flop except for ZE and
M2l instead of ZS and M22. The true output forms an OE (output
exists) signal which goes to dX and dy counters and completes the

cycle of flow of information in DA-1.

ZFs = GO-T28 (M2l + ZE)
ZFr = GO (T28 + MPL*ZE)

M2IW = GO*ZF ; P2 = T28 + T29
OE = dZE_ + ZF+GO-P2

The calculation of this equation is shown in Paragraph 3.5.12.2.

See Timing Diagram, No. 17 for the details of the OE signal.,

CONTROL. (See Figure 29.)

M-18

Line 18 (M18) contains most of the information which controls the
operation of DA-1l. T26 is always the clear pulse. Start pulse is
also present. TO is used to synchronize the operation of DA-1 with
G-15. Timing Diagram, No. 18 shows all the control signals and
their functions. One word structure is shown in Timing Diagram,

No. 19.

ST FLIP-FLOP (See Figure 24 and 29.)

ST flip-flop and ML8 controls the start of DA-1.
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3.4.9.4

3.4.9.4.1

60

ST = ST-M18

If ST flip-flop is reset, the first pulse encountered in Line 18
(M18) will set it.

ST_ = T28 + TO
T

ST will be reset unconditionally at T28 of every word and also at TO.
TO is T29 of word 107 and CN. The TO assures that random conditions
which occur at the turn on and warm up cycle are corrected and that

the DA-1 is synchronized with the G-15.

T28 = PleP2

T28 is generated with two flip-flops, P1 and P2, Pl is set high for
two bits time (T27 and T28); P2 is set for T28 and T29. The com-

bined output generates T28 as is shown in Timing Diagram, No. 16.

DECISION OPERATION

When there is a discontinuity or an abrupt change in a function,
normal integration does not help. This discontinuity in the function,
1s taken care of by the decision pulse (SE). The integrator is con-
verted to a decision element by placing a one bit in the T28 position
of Line 18 (M18).

SE FLIP-FLOP (See Figure 22,)

SEs = XE«ST-YN

If the integrator has received a dX pulse and the ST flip-flop has
been set, the presence of ény bit in YN will set SE. The Timing
Diagram, No. 19 shows this.

SE = ST
r

SE is reset when ST is reset. (i.e. SE is reset at Tl through

the following steps):



3.5

3¢5.1

3.5¢1.1

ST receives a reset pulse at T28;

ST resets at T29;

ST (high at T29) serves as the reset term for SE;
SE resets at Tl of the next word.

INTERNAL LOGIC OR THEORY OF OPERATION

The flow of information in general has been discussed in the previous
sections without paying too much attention to the hardware and cir-
cuitry of the machine. The discussion in this section is mainly
concentrated about the circuiltry of the various adders, registers

and counters, etc. The circulitry involved in the generation of var-
ious control pulses is also discussed. The main purpose of this
section is to show the operation of various parts of the circuitry

of DA-1.

SCHEMATIC CONTROL (Refer to Figure 29. and Timing Diagram, No. 18)

All the signals associated with the control of DA-1 are discussed

as follows.

START DA-1

With the command 01931 (27z) in G-15, DS«Shke¢SX signal is generated
in G-15 along with (&) and TO (T29 of word u7). (&) is the

characteristic part of the command. (Reference Figure 30.)

® -&w

TO = T29 (word u7):CN

For DS°*Shk*SX signals, refer to schematic of control switch on

Figure 31.

co_ = 10-( (1)-Ds-sk-5X)

The output of this three term "AND" gate sets the GO flip-flop and
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turns the DA-1 ON, and lights the GO neon on the front panel of G-15.
GO signal is used in the Kdz adder, output register, R and Ydx addér,
and also to reset GO flip-flop. It is pointed out that although DA-1
is ON, the computation will not start unless there is a control signal
(start pulse) in ML8 to set the ST flip-flop (See Figure 26). ST is
set by'N&8-§T and it ig reset by TO or T28 (control signals).

3:5.1.2 HALT DA-:L

DA-1 can be stopped by any one of the three signals discussed below.

The command 11931 (67x) unconditionally halts the DA-1. To get an
output of the "AND" gate which resets the GO flip-flop, this command
has to be operative during TO (T29 of word uT7).

GO
r

@

An overflow in any integrand immediately halts DA-1 computation and
sets the G-15 overflow flip-flop. Also, if dx counter #l contains a
non-zero dx at TO time, DA-1 computation will halt.

70+( (L) +DS-S4-SX) + GO-XL.TO + OVERFLOW

cXe oW (G-15 signal)

The false output of the GO flip-flop (55) is used back in G-15 for
blocking the recirculation of M21l, M22, ML6, ML7 and MlkL.

3.5.1.3 T28 AND T29 (See Figure 29 and Timing Diagrem, No. 18)

T28 and T29 are generated in DA-1 and are not used from G-15. The
first pulse (start pulse) in Line 18 sets the ST flip-flop and T26
in Line 18 qualifies the three term "AND" gate, the output of which
sets the Pl flip-flop. T26 of Line 18 will set Pl and it will remain
set until two bit times later. The output of P2 resets it. Pl will
be set for T27 and T28 bit times and P2 will be set for T28 and T29
bit times. The output of the "AND" gate formed by the outputs of

Pl and P2 is T28, Signal GO-T28 formed by another "AND" gate is used
in the Kdz adder, R and Ydx adder, and in the output reglster.
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T28 = P1-P2 | T28 1s used in the adders.
T28GO = P1L+P2.GO ‘

T28 = P1L + P2 GO*T29 are used in dx, dy counters,
GO°*T29 = P2.P1-GO and registers.

WO (Word "00") flip-flop is set by TO and the signal WO-GO is used
to activate the follower and plotter and goes to the output register.
It is reset by the same signal which sets P1, i.e. (Pls = ST.M18-P1).

Thus, the three important control signals of Line 18 (TO, T26 and
start pulse) are used to generate other control signals which control

the operation of DA-l.

SECONDARY INPUT (dy) (Reference Figure 32 and Figure 33.)

dy is assumed to be the dependent variable in almost all the equations
which are the index of most present day problems. Being a dependent
variable, dy is called Secondary input to the integrator.

dy COUNTERS

There are four dy counters and each of them is connected to a long line
in the G-15 through four toggle switches, located inside the back panel
of DA-1. (See Figure 21.)

Long line 10 is comnected to dy counter #4, MLl to #3, ML2 to #2 and

ML3 to #1L. Each counter consists of four flip-flops. The information
bits are called the coincidence pulses because they have to be coinci-
dence with the output pulses to load the counter. Coincidence detection
is employed such that if MLO has a "one" bit in any bit position except
T28 and T29, the Zi output from M21l, M22 in the same bit position is
algebrically added to the previous contents of the counter.

If T28 bit is present in word I (MLO), the dz output of integrator I
will be counted into counter #4 instead of the T28 contents of Z lines.

The presence of T29 bits in line 10 indicates to counter #+ when to
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load its accumulated AY count into the dy register. If counter #h
is to be used for integrator I, a T29 bit must be programméd in word
I-1 of MLO. The occurrence of any T29 in one of the address lines
dumps the contents of the associated dy counter into the dy register
and clears the counter. That is why T29 of these address lines is
called the dump pulse.

The location of (T29) dump pulse in one of the four word (Mod 4)
for different dy counters is shown in the form of a Table in

paragraph 3.2.4.

Only dy counter #M associated with MLO is described in the following
discussion. The function of other three counters is exactly the same
except that their information is stored in different long lines and

their dump pulses are located in different word times.

dy COUNTER #4+ (Reference Figure 33.)

There are four possibilities for the input to the dy counter from
the output register. The output register is discussed in paragraph
3.L“QBQ

(a) OE*ON (output exists and it is negative).

(b) OE*OP (output exists and it is positive).

(e) OE*ON (output does not exist and the sign is negative).
(a) OE*OP (output does not exist and sign is positive).

The first two possibilities are normal, but the last two are not the

normal cases. Each possibility is discussed below,.

OUTPUT NEGATIVE ¢—> (ON)

The OE°*ON signals are the simultaneous outputs of the output regis-
ter. dy's are stored in address Line MIO. The address lines are
connected through toggle switches located inside the back panel of
DA-1l. Dump pulses for MLO (T29) are located in word time 2, module L,

It is assumed that all the four flip-flops of this counter are in the
reset position because of the last dump pulse. They are reset by MLO
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and (T29¢GO) control signal.

YD1 flip-flop is reset and OE and dy (MLO) are present. The out-
put of the "AND" gate sets the YD1 flip-flop.

YDlS = YD1OE-MLO

When YD1 is set, the other "AND" gate is qualified and the output
2
will reset YD1.

Wl = YD1 +M1OsOE + MLO«GO-T29

If MO has information in all of its bit times and OE exists at
each bit time, YD1 will never remain set or reset for more than

one bit time. But, from the practical point of view, the simultan-
eous presence of OE and MILO will set YD1 if 1t is already reset

and will reset it if it is already set. YD1 will also be reset by
MLO°GO°*T29. The true output of YD1 and T29.GO and MLO will qualify
an "AND" gate,the output of which will set Y1 flip-flop of the

dy register. See Figure 32.

YDls and ON (output negative) will set YD2 if it is reset (assumed

for this discussion).

YD2s = YDls°YD2‘0N + other terms

Similarly, output of YD2 and T29°GO will set Y2 of dy register.
Similarly, YD3 will be set by YD2S and YD3. YD3s will also set YDL,

There is no delay in setting YD4. YDL4 is the sign flip-flop for the
dy counter #4.

(T29°GO*MLO) resets all four flip-flops of the dy counter #4. The
output of YD4 will set Y4 of dy register.

All four flip-flops are set or reset simultaneously (depending upon
thelr preceding conditions) by the first input signal. The dump
pulse (T29 of MLO) and (T29¢GO) control signal will reset all of
them and dump their information into the dy register.



The preceding discussion holds true for the other three counters
too. The only difference is that dy counters #3, #2 and #1 are
connected to MLl, Ml2 and ML3 respectively, and their dump pulses
are located in different word times (as shown in table of para-

graph 3.2.4).

3e5.2.1.1.2  COMPLEMENTATION

Negative numbers appear in the complemented form in DA-1. The
complementation is performed in the counters. Suppose YD4 and

YD1l are set and YD2 and YD3 are in reset condition. The con-
figuration shows 1 O O 1L = -1 which is the complemented form of

-7. If, at this stage another OE-ON comes in, it will reset

YD1 and will set YD4 which will show the configuration of 1 0 O 0= -O.

Now, if the T29 dump pulse comes in and dumps this information

into the dy register, it will set Y4, but Y3, Y2 and Y1 will re-
main reset. Now, if the ST pulse is in T23, it will start shifting
the information at T2L4 from Y3 sy Y2 and Yl, and the contents of Y3
will be out of Y1 at T27 bit time. Yl will be high at T27 and

T28. The T26 (ML8) clear pulse resets Y4 and Y3. Then, the con-
tents of Y4 and Y3 are shifted along by the shift pulse alone.
Thus, the contents of Y register coming out of Yl will be

11000 = -8, which is the same as -O,

The above i1s a special example for one of the sixteen possible
configurations of the counter flip-flops. ON and OP signals are
not gated into YAl, YBl, YCl or YD1l because these flip-flops
change state with every OE signal regardless of sign.

3.5.2.1.1.3 OUTPUT POSITIVE&>(CP)

OE°OP (output exists and is positive). When the output is not
negative (ON is absent) it is positive (OP is present). The
operation of OE signal is the same as in case of (ON) output
negative«OP and YDlr qualify the "AND" gate which helps in set-
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ting or resetting YD2 depending upon the condition that YD2

is in.
YD2 = YD2.0PeYD1l
T r
YD2 = YD2.0P.YD1l
s r

Similarly, YD3 is reset or set by YD2r signal depending upon the
condition of YD3.

I

YD3 YD3°YD2r

T
¥YD3

YD3*YD2
S r

¥D3  signal also resets YD4 (sign flip-flop). The absence of the
true output of YD4 flip-flop indicates that the contents of the dy
register are positive, while the presence of the signal indicates

that it is negative.

All the four flip-flops of the counter are cleared and four flip-flops
of the dy register are loaded simultaneously at T29.

OUTPUT DOES NOT EXIST (OE)"

OE*ON
OE-OP

action in the counter because the first two "AND" gates are not

=When the output does not exist (6§), there will not be any

qualified which start the setting and resetting of the counter flip-
flop.

dy REGISTER (Reference Figure 32.)

The four flip-flops (yl, Y2, Y3 and Y4) of the dy register are loaded
from the sixteen flip-flops of the dy counter at their respective
dump pulse time (T29). This is because each dy address line has a
T29 pulse present after every 4 word time interval. Each counter
dumps its information into the register at T29 bit time after every
fourth word time. Consequently, dy register is cleared four times

before the cycle is repeated again.

T1
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T2

Information coming from Y (Al + BL + CL + Dl) sets Y1; from Y

(A2 + B2 + C2 + D2) sets Y2; from Y (A3 + B3 + C3 + D3) sets Y3;

and from Y (A% = BL + Ch + D4) sets Yh., There are sixteen possible
configurations that these fcur flip-flops can attain including that -

of i 0.

The following table shows the association of each flip-flop with

its binary count.
Flip-flop = Yk Y3 Yo pal
T (sign) 2° ol 20
For the sake of description of the dy register, it is assumed that

all four flip-flops are set which shows that information stored in

the register is -7.

- I 2 1 decimal count
_ 2 El 20
1 1 1 1 binary count

Y4 is sign flip-flop and it also perpetuates 1's needed for com-
plementation. th = ML8. (ST+G0) clear pulse.

The output of the "AUD" gate (ST-GO) is called the shift and reset

4

signal, and the dy register is called the dy shift input register.

th resets Y4 and Y3, T26 (clear pulse; ML3) resets beth Y4 and Y3.
The false output of ¥3 is used to reset ¥2 and lso to gqualify an

"AND" gate which in turn sets Y3.

Where GO-ST

Y3, = (¥A3 + YB3 + YC3 + ¥D3) T29°GO + Y3* vk CO*ST is shift in-

put signal.

All these terms indicate that the setting terms are coming from
the counters, but the second term shows that Y3 cannot be set every

time when there is Y4 output.



35626242 Y3 is also reset by Y and shift input (ST-GO) signal:

¥3, = ST«GO«(ML8 + YL)

3e5024243 Y2 and Yl are set and reset by the shift input signal (GO<ST) and
the false output of the preceding flip-flop.

Y2 = GO*T29 (YA2 + YB2 + YC2 + YD2) + Y3+GO-ST
Y2 = ¥3:GO-ST
Yl = GO-T29 (YAL + YBL + YCLl + YD1) + Y2.GOeST
Yl = Y2:GO-ST

The output of Yl is AY (accumulated dy) and is teken to the Y and
dy adder. Y1eST is called dy in the adder.

dy = y1*ST  __ __
dy = yl°ST = yl+ST
3¢5.3 PRIMARY INPUT (dx) (Reference Figure 3k.)

The dx inputs are identical to that of dy inputs. Lines 6, 7, 8

end O are associated with dx counters #4, #3, #2 and #1, respective-
1y. Each dx counter holds only one count (existence and sign), and
the circuit operation is such that if more than one dx inputs are
addressed, each term (existence and sign) will be set as though the
multiple counts were presented simultaneously at the "OR" gates on

the input terms. The number of integrators, counters, and their
respective dump pulses are shown in the table in paragraph 3.2.4. The
dx pulse is like a control signal which initiates the addition of

YN to R. Because of its independence, it is called the primary

inpute

3¢56361 dx COUNTERS

The dx counter consists of eight flip-flops. The four address lines
(M6, M7, M8, M9) are connected to these flip-flops through toggle
switches., Each line is associated with two flip-flops. The follow-
ing table will show the combinations of these flip-flops.
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ADDRESS EXISTENCE SIGN FLIP-
LINE FLIP-FLOP FLOP
M9 bl XA
M8 X2 XB
M7 X3 XC
M6 X4 XD

The four flip-flops associated with the existence of dx pulse (Xl,
X2, X3 and XL4) are set by the OE pulses from the output register

and the coincidence pulses in the address lines. They are reset

by the control pulse (GO-T29) and the dump pulse. The same reset-
ting pulse is also used to qualify another "AND" gate along with the
true output of these flip-flops. The outputs of all these four "AND"
gates are used to set the Buffer Inverter (B.I.), the true output

of which sets XE flip-flop of the dx register.

OE°M8
GO+T29+M8

X2s
X2r

Similarly, X3 and X4 are set and reset with the exception of Xl.

Xls = OE-M9 + (+AY) + (-AY)

+AY and -AY are the outputs of the graph follower. When the follow-
er is used, dx signals to the follower are provided by the unmulti-
plied output of integrator u7. The AY signal from the follower sets
dx counter #l during word 00. If some other input has already
arrived at dx counter #l (or arrives later, but before the next
counter dump signal to the counter), each of the two terms (existence
and sign) will be set in "OR" gate fashion. The output of X1 is used
in the schematic control circuitry to reset the GO flip-flop. The
true output of X2, X3 and X4 is used in the output register as an
input to the graph plotter and follower. The dump pulse location of
each line is given in the table in paragraph 3.2.k.

The other four (XA, XB, XC and XD) are the sign flip-flops. Each of
them is set by OP (output positive signal from the output register)

and the coincidence pulse from the respective address line. The

5
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reset signals are the same as for the existence flip-flops:

OP-M8
T29+G0O-M8

XBs
XBr

]

but, XA is also set by + AY from the follower.
XAs = OP*MO + (+AY)

The true and false outputs of XB, XC and XD are used as inputs to
the follower and plotter. (See Figure 28.)

The "AND" gates formed by the true outputs of these flip-flops and
their resetting signals are "OR" gated into the dx register through

a (B.I.) buffer inverter.

dx REGISTER

The dx register consists of two flip-flops and two buffer inverters.,
XS is for the sign of dx and XE for the existence of dx pulse. Dur-
ing each word time the dump pulse in one of the four address lines
resets one of the four existence flip-flops (Xl, X2, X3, X4) and

one of the corresponding sign flip-flops (XA, XB, XC, XD).

The output from each of the four existence counters sets the XE
flip-flop through the true side of the B.I. "TO" is also used to

set XE which provides a fixed machine time input to Integrator

"00". The control signal (T29¢G0) and the false output of the buffer
inverter reset XE. Thus, the true or false output of XE (XE or iﬁ;

1 or O respectively) goes to the Y and dy adder, but only XE is used.

In case of the sign flip-flop (XS), the four counter flip-flops (XA,
XB, XC and XD) are similarly cleared during T29. Either the outputs
of the four "AND" gates or TO will reset the XS flip-flop through the
true side of the buffer inverter. TO makes the machine time input a
positive dx. XS is set by the false output of the buffer inverter and
GO*T29 (control signal). The (XS) false output is positive and (XS)
true output is negative. Each output of XE has a sign associated with

it. Therefore, the simultaneous output of XS and XE will give + or
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-ax (¥1). The output of both (XE and XS) flip-flops (f ax) is used
in the Y and dy adder which is discussed in paragraph 3.5.k.

Y and dy ADDER (Reference Figure 22, and Paragraph 3.4.1).

Refer to Timing Diagrams, No. 1, 2, 3 and L.

Y is stored in Line 17 and dy is the output of the "AND" gate formed
by yl (true output of YL flip-flop of the dy register) end ST (true
output of ST flip-flop).

dy = Y1°ST

The third term involved in this logical accumulation is YC which

is handled by YC flip-flop. The output of the adder (YN and V) is
added to R (ML6) with the occurrence of dx pulse. There are four
"AND" gates which take care of all the possible combinations of these
three terms to form YN, while the other four form YN. The equations
showing various combinations of these terms are given in paragraph
3,4.1. The same equations are given below for ready reference. The

signals are shown in Timing Diagram, No. 1.

(y+ay-vc) + (Y-dy.YC) + (Y-dy-¥C) + Y-dy-¥C)
(yedy+yc) + (Yedy'¥c) + (Y-dy*¥C) + (Y-dy*¥C)
dy = YL (and, not Y1ST, as before)
dy = Y1.ST

5] 8

Yl and YL are the outputs of YL flip-flop of the dy register. Y and
Y is the information already recorded in MLT.

YC FLIP-FLOP

YC is the true output of the carry flip-flop which takes care of the
carry when logical accumulation of binary bits is going on. If YC is
reset and there is a bit present in ML7 (Y is present) and Y1 and ST
are high, the output of "AND" gate (YCeY-Y1.ST) will set YC. The
signals are shown in Timing Diagram, No. 2. YCs and YCr equations

are given in paragraph 3.2.2. The output of three "AND" gates resets

T



YC. Whenever there is YN signal formed by YC-?oii} it will reset

YC only during T28 time. The other two "AND" gates are qualified
by T28 to keep the end carry suppressed, otherwise if there is a

YN present during T29, the overflow "AND" gate will be qualified by
GO*T29 and will halt the DA-1 computation. The overflow of Y
register is shown in example D and E in Section 3.4.2, and it

is shown how the two "AND" gates qualified by T28 prevent YC from
being high at T29 unless there is to be a T29 bit present in the Y

register.,

The output of these eight "AND" gates (YN and YN) is taken as input
to YNdx gates. Also, YN is written back into ML7 through the "AND"
gate qualified by GO signal. YN with T29.GO will set the overflow
flip-flop in the G-15.

3e5¢5 YNdx GATE (Reference Figure 22 and Timing Diagram, No. 4)

YN and YN are used to form two "AND" gates‘which are qualified by
ST, XE and the sign of dx. When dx is positive, the new value of
Y (YN) is passed through and it goes to the R + YNdx adder through
a buffer inverter. But, when dx is (-) negative, it is needed to
complement the number YN. As has been discussed in paragraph 3.4.3
that YN is ONE'S complement of YN, so YN is used to qualify the
second "AND" gate with XS and taken to R + YNdx adder through the
buffer inverter. XE, XS and XS are the output signals of the dx

register.

3.5.6 SE FLIP-FLOP (Reference Timing Diagram, No. 8 and No. 9)

SE is the servo flip-flop used for the decision operation. When dx
1s present with YN and ST, the SE flip-flop is set and stays set
until reset by ST. The output of SE is used to qualify two "AND"
gates in R and YNdx adder (Figure 23) for the servo operation of the
integrator. The timing of the signal is shown in Timing Diagram,
No. 8 and 9.
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R and YNdx ADDER (Reference Figure 26; Timing Diagrams, No. 5,
No. 6, and No. 7; and Paragraph 3.k.k.)

The value of the remainder (R) is recorded in Line 16 (ML6) and
it is usually programmed +l/2 at the start of the problem and the
contents of the R register are always considered positive., YNAx
and YNdx are the outputs of the YNdx gates. The four "AND" gates
are qualified by GO, R€ and R. RC is the output of the RC flip-
flop which handles the carry in the process of accumulation. The
value of RN is written back into Line 16 (Ml6w); but the carry at
T28 (the output of the adder) is further used in the flow of the
information in DA-l1. The equations and examples are given in
paragraph 3.k.hk. The function of the four "AND" gates is similar
to those of the Y and dy adder.

RC FLIP-FLOP

Like YC flip-flop in the Y and dy adder, RC flip-flop performs the
same function in R +YNdx adder. It handles the carry during binary
summation and also provides one bit needed for the TWO's comple-

mentation.

RCs = XE*XS*ST'ML8 + T28°R*YNdx

The first "AND" gate is qualified by the first bit in ML8 when dx is
negative and ST flip-flop is reset. It sets RC and when YNdx comes
in, it adds one bit in the least bit position which makes TWO's com-
plements. YNdx gates are qualified by ST and ST flip-flop is set by
the same signals (ST*M18), which sets RC when dx is negative. This is
what makes one bit ready for addition in the least bit position to
make TWO'S complements. The second "AND" gate is qualified by
(T28°R*YNAx) when addend and the augend are both high except during
T28. This is the normal function of the carry flip-flop.

RCr = T28 + ST+R.YNdx

RC is unconditionally reset by T28 (control signal) at the end of each

9
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word to insure the proper start of the next integrator. The second
term resets RC when both addend and augend are zero. This term is
to make sure that RC does not stay high after the carry is placed
in the sum. Timing signals are shown in Timing Diagram, No. 6 and
No. T

ST flip-flop has been discussed in paragraph 3.5.1.1 under Schematic

Control.

dZ GATE (Reference Figure 26; Timing Diagrams, No. 8, 9, 10, 11;
and Paragraph 3.4.5.)

The output from the R and YNdx adder is the carry during T28 which

is actually an overflow of the R register. Thi; is not, however, the
same nature of the overflow that halts the DA-1 computation. It has
been shown in paragraph 3.2.5 that the initial value of R is +l/2

and that the sign of dZ depends upon the sign of YNdx. Four examples
are also given to show the various possible forms which YNdx could be
in. The output of dz gates is channeled through two flip-flops (aze
and dZS). The setting and re-setting signals have been discussed

and their timing diagrams shown. Servo gates are also included in
the setting and re-setting of 4ZE flip-flop. The servo flip-flop
(SE) is discussed in paragraph 3.4.10.3. The output of the dZ gates
is also taken directly to the output register as unmultiplied output
of the integrator. The output of dZE and 4ZS flip-flop is taken to
the KdZ adder. The output of dZ flip-flop is delayed by one word
time from the start of the computation.

KdZ GATE (Reference Figure 27 and Paragraph 3.4.,6.)

The output of dZE and dZS flip-flops is gated through two "and" gates
which are qualified by ML5. The value of constant K is stored in

ML5. The reason for using (ML5) the false output of the Read Ampli-
fier (R.A) like some other lines, is that the true side of the Read
Amplifier is already loaded enough in the G-15. A buffer inverter is
used to get the true output (ML5). Both gates are qualified according
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3.5.10.1

to the following equation.

KdZ = dZS°*K+dZE + AZSK+dZE

Thus, the output of dZ gates is multiplied by the constant K.

The output of both "and" gates is gated into the buffer inverter
which has the output as KdZ and kaz (for getting the ONE's comple-
ment of kdZ). The product kdZ is added to r (remainder) by the r
and kdZ adder.

r and KAdZ ADDER (Reference Figure 27; Timing Diagram, No. 12
and No. 13; and Paragraph 3.4.7).

The remainder (r) is stored in M4 and is added to K4Z in the same
way as R was added to YNdx. The carry flip-flop ZC handles the
carry during the process of addition. After the overflow (end

carry), (one bit during T28) has been used to set ZE flip-flop, the

new value of r (rn) is recorded back in Line 14 (MLiW). The content

of rn is the output of four "and" gates qualified by Go and various
logical combinations of the output of ZC flip-flop with the addend
and augend signals. The Timing Diagrams and equations are given

in paragraph 3.4.7.

ZC FLIP-FLOP

7ZC is the carry flip-flop which performs the same function as YC
and RC in the previous two adders. Moreover, ZC also takes care of
making TWO'S complements like RC., ZC is immediately set by dZEs
and dZSs (i.e. when d4Z is negative) from the R and YNAX adder.
Therefore, one bit will be added to the oncoming first bit of KdZ
(ONE'S complement of Kdz) to form TWO'S complements. When dZ is
positive or when it does not exist, ZC is reset by dZSr and &lso
by dZEr. ZC is also reset by the "AND" gate which is qualified by
the sbsence of addend, augend and T28.

T28+GO*MLL*KAzZ

The new value of r (rn) is written back into Line 14 by four "end"
gates qualified by Go.
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3.5.11

3e5.12

3.5.12.1

3.5.12.2

82

Zi GATE (Reference Figure 27.)

The output flip-flops ZE and ZS are set by the output of Zi gate.

If the multiplied output of KdZ gate is negative (T28 bit is present),r
ZSs signal will set the ZS flip-flop in the output register. By the
way, this T28 bit will be of the I + 1 word time., The ZE flip-flop
(in the output register) will be set by (KdZeZC and GO«T28 + KdZeZCe
GO-T28) the output of the two "and" gates during T28 bit time. In
other words, the outputs from Zi gates are ZES and ZSs signals during
T28 of integrator (I+l).

OUTPUT REGISTER (Reference Figure 28; Timing Diagram, No. 1k, 15,
18, 19; and Paragraph 3.4.9.)

The output of Zi gate during T28 of word I + 1 sets the ZS and ZE
flip-flops. If the output of the Zi gate is positive, there will not
be any ZSS signal, therefore, ZS will remain reset. The four important

flip-flops are discussed separately in the following.

ZE FLIP-FLOP

ZE_ = Go*T28 (KAz<zC + kdz°ZC)

ZE is set by two "and" gates which are qualified by (Go and T28).
At each output ZE will be set by T28 whether it is positive or negative.

ZE._ = ZE
r

ZEr is the resetting pulse which is high during T29 bit time.
Therefore, ZE is reset unconditionally by ZE (the true output of ZE).
The false output of ZE (ZE) will be high during T1 through T28, and
low during T29 (provided ZE_ is high).

ZF FLIP-FLOP

ZF 1s the associate of ZE flip-flop, the output of which is recorded
in L4 word short line 21 (M2l). The setting and resetting is done

through a buffer inverter.

ZF_ = Go T28 (M2l + ZE)




The preceding equation is not clear from the schematics, but the
proof given below does clarify the situation. It is clear from the

"AND" gate that the following signals set and reset ZF.

]

GO KT28'G0 + (E-Mﬂ-eoﬂ
GO [(@G‘S)-(ZE + M2l + G_o)]
(G0-T28)+(ZE + M21)

GO (ZE-M21 + T28)

GO (ZE + M21 + T28)

ZF
s

I I

B

Both ZFs and ZFr show that ZF is reset by T28 and set by T28 and
GO. The output could be high from T1 to T27. Signal GO-T28 is
used to block old information from recirculation. The output of ZF
is written into Line 21 (M21W) through an "AND" gate when qualified
by GO. The information written into Line 21 is precessed one bit

every four word time because of ZF flip-flop.

3.5.12.3 OE (OUTPUT EXISTS)

OE = dZE_ + GoeP2eZF
P2 = T28 +.T20 = T28°T29

OE (output exists) is the same signal which was discussed with the 4Y
counters. dZEs is high during T28. Therefore, OE can be high dur-
ing T28. OE is used as input to dX and dY counters. The output of
the "AND" gate qualified by P2¢GOZF can be high from T1 through T27.

Therefore, OE can have information from Tl through T28.

3.5.12.4 ZS FLIP-FLOP

7S is the true output of sign flip-flop which is set by the signal
ZSS (the output of the Zi gate). If the output of the Zi gate is
negative, ZSs signal will be high during T28, It will set ZS and the

true output resets itself. Therefore, 7S is low during T29.

3¢5.12.5 ZT FLIP-FLOP

7T is associated with ZS flip-flop for handling the sign of the output.
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The output of the "AND" gate qualified by ZS+G0-M22 resets ZT
flip-flop through a buffer inverter,

ZT, = GO (Z5-122-G0 + T28)
= ¢o [(T28)-(2zS + M22 + GO) | = Go-T2B-(2S + M22)
7T = GO (T28 + M22.7Z8)

ZT can be set at any time except during T28 and is reset by T28.
The output of ZT will be high at T1,(ZT ¢ GO) qualify the "AND"
gate and that writes the information into Line 22. Also, ZT
qualifies the "AND" gate which gives ON (output negative) signal.
Information written in Line 22 when circulating is precessed one

bit for every four word time,

3.5.12.6 ON (OUTPUT NEGATIVE)

ON signal is used as input to dy counter along with OE., ON can
have information from Tl through T28 because of dZSs signal,

ON = dZSg+ Go+P2+ZT

dzs_ is high during T28 only, because (dZS = GO.T28.YNdx) sets
the sign flip-flop when the output is negative. The output of
the "AND" gate could be high from Tl through T27. So, ON can

have information from Tl through T28.

3.5.12.7 OP (OUTPUT POSITIVE)

When ZT is reset by T28, it will stop the recirculation of old
information already in Line 22, The false output of ZT (ZT) with

(Go+P2) qualifies the "AND" gate, the output of which is OP. Also,
azs is high at T28 when the output is positive.

OP = dZS_ + ZTeGO+P2

Both signals give output OP from Tl through T28 which is used in dx
and dy counters along with the coincidence pulses to repeat the flow
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35.13

3.5.13.1

of information through the DA-1 again.

PLOITER AND FOLLOWER (Reference Figure 28.)

There are two receptacles in the rear panel of the DA-1 marked
"Plotter" and "Plotter Follower". Both are used for graphical in-

put to and output from the machine,

The receptacle marked "Plotter" receives the contents of dx counters
#3 and #4. Each counter should be set before TO and remain set
throughout word 00, although it may be possible in some cases to set
the counter in the first few bits of word 00.

The four "AND" gates for the Plotter are qualified by GO-WO (control

signal). The four outputs ( iAxg and tAyé) of the four "AND" gates

are recorded by the Plotter in the form of a graph.

%, = GO-WO+X3+XC
-0X, = GO-WO-X3+XC
+AY2 = GO-WO+X4 XD
-AY2 = GOsWO.XL XD

Line 6 contains the information which with OE signal sets X4 flip-flop
of the dx counter. Dump pulses are located at 2 mod. 4 in Line 6.

The associated flip-flop XD gives the output for the sign of AY to the
Plotter. The output of any integrator in the series (1 mod. L) 1, 5,
95 13¢ees.105 may provide the AY output to the plotter. The integra-
tor will provide AY if it is coded to be the dx input into integrator
03. Line 7 has the information which with OE sets X3. Line 7 has

dump pulses located at 1 mod. 4. The associated flip-flop XC gives

the output for the sign of AX to the plotter. The output of any in-
tegrator of the two series (O mod. 4 and 1 mod. 4), may provide the

O, b, 8, 12, 16, eervess.l0k
l, 5, 9’ 13’ 17’ ....’..-.105

AX output to the plotter. The integrator will provide AX if it is
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coded to be the dx input into integrator O2.

3.5.13.2 The receptacle marked "Plotter/Follower" gets the input from four

"AND" gates qualified by GO*WO control signal. The four outputs

are © AVl and T Ax1.

+AY1l = Go°*W0O-X2.XB
-AYL = Go-WO+X2+XB
+AX1 = Go*WO+dZEdZs
-AX1 = GosW0edZE-dZs

Information in Line 8 with OE sets X2, Dump pulses in Line 8 are
located at O mod. 4. The sign flip-flop XB supplies the sign bit to
the output. If the plotter is plugged into Plotter/Follower
receptacle, the output of any integrator may provide the AY output,

except integrators in the series: (2 mod. 4)

2, 6, 10, 1k, 18, ......106 |.

The integrator will provide AY if it is coded to be the dX input
to integrator Ol.

tAX is the output of two "AND" gates which are qualified by the un-
multiplied output of the integrator. The unmultiplied output of
integrator 107 will provide the AX output to the plotter and no

additional coding is necessarye.

If the follower is plugged into this receptacle, the unmultiplied
output of integrator 107 will provide the AX output to the follower
and no additional coding is necessary. The AY increments from the
follower will enter as the dx input into integrator O4 and no cod-

ing is necessary.

From the above discussion it is clear that when the plotter is plugged
into the plotter receptacle, all the 108 integrators are being used
and, thus, all the long (108 word) lines are occupied and programmer

does not have a free memory line for general purpose use. On the
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other hand, when the follower is plugged into the Plotter/Fdllower
receptacle, only 8l integrators are necessary and, thus, leaving the
Line 5 and 6 free. The Followers are not in use at the present time,
Therefore, if +AY2 and -AY2 are exchanged with +AYl and -AYl respec-
tively, by exchanging the plug pins PLF L4-3 and L-L with PLF 3-3 and
3-4 respectively, the plotter can be used with 81 integrators, leav-
ing line 5 and 6 free. Line 5 is used for storing the YO (initial)
value. This is a simple modification and can be executed in the

field whenever need arises.

Y + dY ADDER
( T“T ”””” ] IYN= (Y-dY-YC)+(f-dy-y—c)a,(v-dy-%h(?-n-vc)]
1 T i t I
L gleoas
T T ., o ler=xvsT
. 14 (1) YN = Bit by Bit Addition of [ Y, dY, Yc | | | |
n.ozru ‘ * ol } | “ : "o1" l Ll A "w"
[ i | 9128 ' i i ht i . Tr_]_"-
s , : , ‘ 1 .
! -2 ) - ‘ S | po- B Ny .-
+0x9x2  =lo +[i]olo]i]iii]ofi]i]olo]} : I f Mi7 =Y =MITR
= i ! ' i
003.x2 % (-zzxx 2713 . —_— : , HREN
COMPLEMENTED) LR I R R A B | ' it 1]ojt . | et
‘ v , ] ; T ‘ 1
‘- 4 j 4 1
Ll T16 td T28 | . BN [ |sr
t X ! ) j | | l
-12 ; I L | B
-003.x2 (COMP,)= =l fepelean e frinjel ! | i | ly1-8T = ax
. | ! l
. , : , A
! plrivfrfrjir v 1joio Pl_l { YC
1 ! r ‘ ‘
I G N S G B I
| |
+ox‘xz‘12. +li]ojofi|r]r]|o]i|o]tfi]o | ! YN=Y+dY=MITW
! i
i H Aol I Gt

TIMING DIAGRAM, NO. 1 (INTEGRATOR "01'")
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Y + dy ADDER

[ ¥, = ¥C-y-ay - YT r-n-sﬂ

o3 | ] L | ,.%.7 - T | T arven
R R ﬁﬁﬁij'ﬁ"”"i- Tt *'#“f T i i P
‘ ; : ! i ! ‘ | {
li "'TE;-LI.TIT[OO. 1 Jo[iTh olo[i] " T T . T, MR
. i | | ! | ! | |
[ R S B B - .
ERENEEN! ‘ -
j ! P . i | 1o 1 | - }
BEERE EENENENEnDnor 1 dy = (Y1°8T) |
1 BE ' SEEE | B
R 1 1 REn c,
’ ! E ’ | ,y
‘ ; B !

TIMING DIAGRAM, NO. 2 (INTEGRATOR '01")

Y + dY ADDER

[ [ycr = T28 YC a¥ ¥ + T28: YC (Y + dY)]

uqln T vvmin

16 Tl

|17

i

B

——

=t

]

l

YC-T28 (LOW) |

L] ireeeye - (vedy) (Low)

lY = -3/4 (COMPLEMENTED)

dY =-1/2 (COMPLEMENTED)

RO NS 41

|
YC-T28

o]

.

T yC-¥-&F |

1

[ ]

YCr = T28-YC-3Y- ¥ + T28- YC- (Y+dY)

YN =Y + dY = -5/4 (COMPLEMENTED)

REREEN

NORMAL)

-+
1t

|

| YN=Y+dY = -5/4

TIMING DIAGRAM,

NO. 3 (INTEGRATOR "01" - EXAMPLE "E")



YNdx GATE

B ! | YNdx = YN- XE- XS- ST + YN- X8- XE- ST + ST- XE (YN: X8 + YN- X8)
||
1'0]{' an
[ra 24 27/ 26 24 1 715 T1
e L ]
+9x6 x2 +[i]olo]i i a]ofifofi[i]o] | YN=Y+dy M1TW
. : ] | i | [ TTTTI
T " 1 !
. [ ! } i i ! XF 1 dx Register
i - ! ; I ‘ ‘ ; 1 = .
it
! ! \ | 1 HN
b ; B N (O S i & S R O A A S
i 1 | L st | .

n T T T
+9x6x2 +[1]olo[iT1 1]lo[1]o[1]1]0 ! YNdx = YN- XE- X5- 8T
; - I } ]

. i 4 @+ !» ' i ‘ B —

TIMING DIAGRAM, NO. 4 (INTEGRATOR "01")

R + YNdx ADDER

RN = GO (R- YNdx- RC + K- YNdx RT + R- YNdx- RC + R ¥Ndx -RC) = M16W

RN = Bit by Bit Addition Of |R, YNdx, RC| = M16W

- | . . N : . .
RN e : BER R
i ) ) ‘ TH i . T
. ‘ A ! oo |
1 . ’ | i A i i ‘!
; “n,n‘“_i-m ["T7]o]o]v[o o] o] o 1 R = M16r
i S ' '
woxeexa =l e ot 1 o] L] T [o YNa&x
= ‘
- +-- . , - d——t o + - pu—
1 L T L] L | | - Jre

t
{ b
=12 1
Remainder = 660- x2 To[tJo[v 1]o of1 1]o 0|0 o]0
Unmultiplied Output = +1 '

P T T

TIMING DIAGRAM, NO. 5

(INTEGRATOR '"01"

R+ YNdx = RN = M16W

1o

89



R + YNdx ADDER

[Ras = XE-x8-5T-M18 + T38-R-YNax]

L1 1 | | J ) i o
T L; " - ‘ ..?1..‘ i T T I »
"1 {emaarae Sl | HEREs B
: ' x|
1 | ! [T
! 1 A 1 I' T g
[ 4L _ |
— 1 L ‘
i |
P ; ' [ .
.l ws | ||
. [ : I [ |
! 1 1 xx-xs-8T-M18 |
AN R D e NS
o g : R B
| weu x2712 r[ 1 | l IR ;
At ' " i
| +ox6 2712 [ L I YNex B
, ‘ . . N
] 1 T38.R. YNdx
: b
] ] 1 | ! RCy = XE-X8-§T-M18 + TT8- R YNax
anEnel L
TIMING DIAGRAM, NO. 6 (INTEGRATOR ''01"
[RC; = T28 + ST-R-YN&K|
| : | . \
L roar ) | o e ! ' o
o) ma 7[ — —lmi ]
. | ; . A . .
D1 f | , : T28
e 4 . ]
EERRES T e
LOW r! | T '
(When addend and J ! . -
au::n:i ar: n(a).:1 {g L_J ' l_‘ u’_-[_l "
ZEROS. ) : T 7 o :
W&
. | . - i
P I | o7 R- 7N
; } P RING
1 l L! [ ‘ ‘ RGe = T28 + ST-R FNex
R ' | |
m B - {-
(When addend and {-‘! R .’
augend are R U S
ZEROS.) . . R,
( ‘ i bl ]
. o } | RCr = 8T K-fNe&x
! ; —1 ; R e IR
1 J ;’ ' 1 i t l t
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— I A |

dZSg = GO-YNdxT28

dzSr = GO-YNdx-T28
| ] . ; . ! .
ks NN oif ; RERERRCEM
— ——t— T8 i mi_| | J{
o : ’ : . R R
L ' Go'T2s
l ﬁ r v [
oxea @ [T [ 1 IYNdx (NEGATIVE)
' i I . [ -_._L_._,L,A l
! | o o = 12
f ---DJL_—:ER'—.#E-_ —t r!ﬂ—.‘=1r=1- — = __—,-=_—:==-‘,°2_'.."‘TT”: I
ot xa | 1 - [ AT (PORTIVE oy
. - - . . . ! ;__ b
: ! | ! | }GO-THdx-T28 = azs,
T EnEnEnnn i
| ‘ | | ; |

TIMING DIAGRAM, NO. 8 (INTEGRATOR '01'" - TOP PART ONLY)

' 1

(dZEs = GO- T28 (¥N&x- RC + YNdx* RC + M18-SE)|

et ] ;im% ! ipgr 1T 1;| : f ' ‘..OL...‘ od"
| 29282726 ! T1 7 TiRe.. . [Ta 5 T
I - : ] T T
‘ J - | Sl : ] GO- T2
i 1 1 i § ' . 4 H . T T [ S ]
‘ ' : hua A : ¥N&x [WHEN YNax IS
T T = M
T Bleaia LR an e )
| | !
— ¢ ‘ You i o et RC (TRUE OUTPUT)
GO- T28- YNdx- RC ! T 1 ;
OUTPUT OF dZE f.1.] ‘ A H ‘ I[dZE GETS SET AT
STARTS ONE BIT 1 |dZEg | T28 OF "01"; STAYS
LATER T29 of "01" ! ] ™| ' || SET FOR ONE WORD
—_-:—.-—.-.--.——4———.-———.—-—nlqp_;.—-.— -———.-——-——--T—r-a?- mnno:n
! (YNoE Bx6) ' ] o YNdx [WHEN YNdx IS
: i , . o -l ; NEGATIVE
. + | 1
. : RC (FALSE OUTPUT)
GO -T28- YNdx -RC : L ’ Cp P R
OUTPUT OF dZE f.1. : i ! | ‘ : dZE4 [dZE GETS SET AT
STARTS ONE BIT - ’ T ' FSYART T28 OF "01"; STAYS
LATER T29 of "01" PLEAR i ~o ']_nncqy\p i i . SET FOR ONE WORD
! 111 ; , ; TIME "02". YNdx
! , ) : Pl : P I8 NEGATIVE
: : r ‘ 1 i | 1 "m18 (T28 FOR DECIZION
Dol H { ; OPERATION)
Go-T2h n;x o ! ! ) P E (SEE DIAGRAM, NO. 10
- T28- M18- SE .
OUTPUT OF dZE f.f. ' ! FOR SE DETALLS)
dZEg [dZE GETS SET AT
STARTS ONE BIT 1 s vy
LATER T29 of '"01" + T28 OF '01 H STAYS
| HiB SET FOR ONE WORD
i | I I f"' T } | u TIME 02"

TIMING DIAGRAM, NO. 9
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SEs = ST*'YN‘XE

SEr = ST
r___ j | 1 % [ | ;
03" | j . ‘ o1 | I oy
| IeTERTTRd ms | | | ! T1i f
] |
IsT :

. i {
XE 1 (dx EXISTS)

i
|

'SEs (SE geis set ‘with the

L
T

| first bit in YN; stay
] set until RESET by ST.)

o
o

=Sl
L:I .

S

L |

,
pE——

TIMING DIAGRAM, NO. 10

dZ GATE

1 '

[42Er = GO -T26 MT8 (¥Ndx: RT + YNdx RC) + GO -T28- 5E -M18)

|
4

|

e

R

P
+
+

I

ns

’ ! "0C " . !

e

T 20
.fn‘_,“, .i

1M18 (T28 FOR DECISION
! OPERATION)

(YNdxk+gx6]

8
Al

+YNdx WHEN YNdx IS
- POSITIVE

——

. 'RC (R NOT OVERFLOWN
1 RC NOT SET)

!dZEr dZE GETS RESET
T~ T | AT T28 OF "01"
]YNdx WHEN YNdx IS
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1RC (NOT SET
} R NOT OVERFLOWN)

{azE, [dZE GETS RESET
y T |AT T28 OF "01"

YNdx =° ., .

[

N

SE f
b .
|dZE, = GO- T28- SE-M18

e

TIMING DIAGRAM,

NO 11

’—-'_”y—_r_*__T—_'_.._?

[rn =GO [Mldr-(K- d2)- ZC + MI4r- (K- dZ) .ZC+ Mldr-(K-dZ)-ZC + MId- (K-dZ) -2C] = M14WI

.

nosrv

a

"oy

[P G

-—— e ——

i i —aeep—

I |
I
-12¢
remainder = V8. x2

1
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TIMING DIAGRAM,

|

L I pea,
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P [ [ P o
NO. 12 (INTEGRATOR "01")

'Jn(x- dZ) = M14W = rn
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r + KdZ ADDER

r .
L] . | ZCs = dzEs* d28s + GO m'nz'ﬁ‘m‘ T T
| B : S R T -
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T L i
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TIMING DIAGRAM, NO. 13

|oUTPUT REGISTER|
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TIMDIG DIAGRAM NO 14

{ OUTPUT REGISTER |
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[ OUTPUT REGISTER CONTROL|

I ZTy=00-TBMa3+28)| | | [ ["1°F+ -
BEEE T aEns
! 17T f ZT;= Gomuﬁﬂ%) _} T TT ) ]
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SECTION IV
POWER SUPPLY

POWER SUPPLY
GENERAL (Reference Figure No. 35, 36, 37 and 38).

The DA-1 has a part of its power supply built into the unit. The
+250, -13 and +160 volt supplies are brought from the G-15 because

of the low power requirement. +250 and -13 volts are used in the
clock repeater package (black handle) while +160 volts supply is used
in the plotter (PA-2 only). =20 volts supply from G-15 and DA-1 are
tied together through switches 1 and 2 and R-13. +100 volts, -20,
-160 and the filament voltages are generated in the DA-l. All the
potentials from DA-1 along with +250 volts from G-15 can be tested
by the percent DC voltmeter. There are six relays which switch the

power in a sequence similar to G-15.

The power supply section (lower front hinged panel) can be opened
by taking out four sheet metal screws and dropping down the hinged
panel. (See Figure 37). The plug connections are shown in Figure 6.
The back panels of DA-1 and G-15 are also shown for various plug

connections which are discussed below:

PLF - 1 (DIFFERENTIAL ANALYZER)

With reference to Figure 6, the receptacle on the left, (PLF-l), is
labelled "Differential Analyzer". This plug has all the logic pin
connections. The pin connections are provided along with the associated

signals in the continuity chart, Figure 39.

PLF-2 (DA-POWER)

This plug (Reference Figure 40) connects the G-15 supplied power

‘to DA-1. The pin connections are given in the Continuity Chart,

Figure L4O.

PLF-3 (GRAPH PLOTTER AND FOLLOWER)

This plug is used mainly for the Follower. It can also be used for
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Plotter after some minor changes in the program. See Figure 40

for pin connections.

Figure 36. Power Supply, Front View
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Open

)

Hinged Panel

Power Supply,

Figure 37.

-4 (GRAPH PLOTTER)

PLF

L.5

For pin connections,

-k

The Graph Plotter is connected into PLF

refer to the chart given in Figure LO.
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Figure 38. Power Supply, Transformer Section

PLM-5 (A.C. PLUG)

The PLM-5 connects the A.C power line to K-1 relay through the cir-
cuit breaker. K-1, when closed, supplies A.C. power to the primary
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Tk

of the (VI-1) variable transformer. Refer to Figure 40 for inter-

connectionse.
POWER TURN - ON CYCLE (Reference Figure 35, 41 and 42).

The DA-1 is connected to G-15 with proper plug connections which are
shown in Figure 6. The circuit breaker of DA-1 is turned on.

As soon as the A.C. power of G-15 is turned on, K-1 relay of DA-1
pulls in and power from the line is supplied to the blower and the
primary of the (VI-1) variable transformer. The output of VI-1 is
stepped down by T2. The secondary of T2 (the bucking coil) is con-
nected to the primary of T3 (filament transformer) with resistance
(RL and R2) in series. K-3 and K-4 relays increment the filament
voltage as shown in Figure L2. K-3, K-k and K-2 of DA-1 are in
parallel with K-1, K-2 and K-3 of G-15 respectively.

When power is turned ON, some small filament voltage will appear in
the secondary of T3. K-3 of DA-1 will pull in to short out Rl when
K-1 of G-15 has pulled in. K-4 will pull in when K-2 of G-15 has
pulled in, and K-3 has dropped out; thus, shunting out R2 and keep-
ing R1 in series with the primary. After a short time (controlled
by the timing motor, TML, in G-15) K-3 will also pull in to short
out Rl again, and thus, stepping up the output to 6.3 volts in
steps. A simplified schematic of power relsys of G-15 and DA-l is
provided in Figure L4l.

The A.C. incandescent lamp will light dimly immediately after the
power switch is turned ON, but will get brighter as the voltage steps
upe. Watch the indicator of filament A.C. voltmeter (M-l) after
turning on the power switch, and see how the filament voltage steps
up. A filament voltage incrementation graph is shown in Figure 42
to give the relationship of different relays of DA-1 and G-15.

Immediately after the reset button has been pressed, K-3 of G-15
will pull in elong with K-2 of DA-1l, thus, completing primary circuit
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of Tl. The secondary of Tl through VI2 and VT3, supply power to the
conventional full wave bridge rectifiers (rect. 1 and 2) thfough two
3 amp fuses (F1 and F2). The output is terminated with choke input
filters (L1 and L2). The outputs are -20, +100, -160 and O reference
potentials. Sufficient amounts of filter capacitance (Cl, C2, C3)
shunt every supply, rendering them tolerant of changing load require-

ments and relatively immune to line voltage transients unless they are
of unreasonable proportions.

The variable transformers can be manually adjusted by the control
knobs on the front panel, see Figure 36. The filament voltage floats
on -55 VDC, which is obtained from variable resistor (R4). D.C.
incandescent lamp will light immediately after K-2 has pulled in.

K-5 and K-6 of DA-1 are the interlocking relays for K-3 of G-15.
Under normal conditions, both are in 2-3 position (not pulled in) as
shown in Figure U4l.

K-5 is tied to -20V through R7. If there is a large variation in -20V
supply, K-5 will pull in and break the K-3 (G-lS) interlock safety
circuit and shut off the D.C.

Similarly, K-6 is tied to +100 and -160 volt supplies through R8

and R9. Under normal conditions, terminal 1 of R9 and 2 of R8 are
at zero potential. But, if there is an unreasonable fluctuation in
+100 or -160 or both supplies, K-6 will pull in and again the inter-
lock circuit will be broken to shut off the D.C. The same thing
can also happen if diode clamp package is pulled out without shut-
ting the D.C. off,

A percent reading meter is available to monitor all the potentials.
Switches 1 and 2 (Sw 1, Sw 2) are ganged together so as to connect
the two -20V supplies in all positions except "-20 Test". The
position of the switch shown on the schematic is only for testing
the -20V supply of the DA-1, while -20V supply of G-15 is discon-

nected. For any other check and, also, for normal operation,
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L.8

Filament Voltage Incrementation

PACKAGES (Reference Figure 43)

There are 1lul sockets for different packages.
for diodes and 64 are for tube type packages.

-20 volts of G-15 is left tied
to -20 volts of DA-1 to keep the
signals of G-15 and DA-1 at the
same level. +250 volts supply
from G-15 is also tested with the

same switch.

Eighty (80) of them are
Diode and tube package

sections are separated by a baffle running longitudinally on the Logic

panel. 134 are occupied and 10 are left as spares.

The packages list

follows:
PACKAGES TYPE HANDLE COLOR NO. TOTAL PACKAGES
Diode D-1 64
D-C 10 o
Spare Sockets 6
[ crF-1 17 )
C-F-2 Silver 13
Tube Type < F.F. 23 60
B.I.
_ C.R.(ClkeRep.) Black 1 _J
Spare Sockets ' L
Total 14k 134
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Figure 43. Diagram, Package Location
4.8.1 CLOCK REPEATER PACKAGE (C.R.)
The clock repeater package (C.R; black handle) is needed in the DA-1
to provide the clock pulse. It is driven from the G-15 "Write Pulse".
Reference Figure L4 and L5.
4.8.1.2 WRITE PULSE
4,8.1.2.1 Write Pulse is two micro-second positive going square wave. The pre-

amplifier output (a series of sine waves) is squared by V1 and V2
located in the Clock Chassis of G-15 (Reference Figure 46). The V2
output, differentiated, triggers multivibrator V3, which yields a
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L.8.1.2.2
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2 micro-second positive going square
WRITE PULSE

PIN® Cil
RC PKG.

TRAILING EDGE LEA@%'NG

wave at V3, pin 1. This square wave
ov

causes power pentode (V7) to conduct
through its plate transformer (T3). 2oy
The negative end of T3's secondary
(term. 4) is returned to -20V; the

positive end (term. 3; WRITE PULSE) T2-2

-5V
ov

- 10V

-20V

is appropriately terminated to -20V v

through 680 ohms and clamped at OV.

5

ov

ALSO TI-3 ¢4

The secondary 1s terminated by the

load and clock clamp packages.
—-25v

Tris WRITE PULSE is the input to the

(C.R.) clock repeater package at --s0v

CLOCK PULSE
pin P. Both cathode followers (V1) ¥ pS —ov

differentiate the pulse which is go- LEADING EDGE

-13V

i

ing positive when the leading edge J.aov
935 —od

of the write pulse approaches OV k

b

level. The secondary of pulse trans-
former (T2, term. 3) yields a Figure 45. Clock Pulse
negative pulse. V2 (power pentode)
is biased through the secondary of T2. The plate goes positive and the
secondary of Tl (term. k) stays clamped at OV. The trailing edge of the
write pulse ylelds a positive going pulse at the secondary of T2 (term.
3). This positive going pulse causes V2 to conduct and the plate goes
negative. This will give a negative going pulse at the secondary of

Tl (term. 4). The output is clumped at -13V and terminated by R6 (100

ohms) to ground.

This .3 to .5 micro-second duration negative pulse has its leading edge
right after the trailing edge of the write pulse. The wave shape at

different points is shown in Figure L5. The -13 volt amplitude can be
varied by the variable resistor (R8). Two consecutive clock pulses are

9.3 micro-seconds apart.
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SECTION V
PROGRAMMING

5.0 PROGRAMMING (Reference: Programming Manual)

The subject of programming is much too large to cover in a few short
paragraphs, and, indeed, many of the facets must come by experience,
Moreover, theré is a separate programming manual specificélly for DA-l.
A DAPPER 2 manual may also be used, since it discusses the operation of
the program preparation routine for the DA-1. These two manuals should
be available to the reader. However, some brief discussion about pro-

gramming is presented here.

There are three basic steps in preparing a problem for solution.
(1) Mapping
(2) Scaling
(3) Coding.

5.1 MAPPING (Reference: Programming Manual)

5¢1.1 The connections between integrators were briefly discussed in paragraph
2.3.3. Schematic, Block Diagram represents the information flow between
integrators. The process of mapping is the drawing of this information
flow diagram for all the integrators used in the problem. This informa-
tion flow diagram will be determined by the particular problem being
solved, and the relations which express the operation of various inte-
grators. The following example will give some idea how a second order
non-linear differential equation is mapped.

2
&Y _ 4y + Y2 + Sin Y + A

dx ax

<

|

n

5.1.2 The highest order derivitive is separated from the rest of the equation.

Assume that d2Y is in integrator 25 in order to form d (Qx). Accumulate
ax2 dx

dy in integrator 28 and generate dy. Accumulate y in integrator 31 and
dx

form d(y2); integrator 34 and 35 generated (Sin Y). The terms are added
together and fed back into integrator 25 to close the loop. The mapping
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diagram is given in Figure L47. This problem can also be mapped by

other arrangements of integrators.

{

. DATE PAGE _
: F
D A- 1 :......n-olc-oéocnooloioloéooaocn...-...
. PROBLEM: Ay = -a .
INTEGRATOR MAP : s dy + y- + sin Y + A
: dx dx (
:PROGRAMMER:
o}
ax -a (3D
Tnitial Value= A K= -1 (
25 a’y
dx
(
dx
Tnitial Value= O | K = -1 dy {
28 | -y
dx
I
dy
Tnitial Value= R
+2 e
3L Y dy
ay
Initial Value= 1
K=+1 '
34 cos Y ; d(sin [Y)
[  d (cds Y)
d
[nitial Value=
e K_—__l
38 sin Y z d(cos Y)
d (sin Y) \

Figure 47. DA-1 Integrator Map
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5.2

SCALING

In general, scaling consists in assigning mathematical values to each
increment of all of the series of increments being transferred from
integrator to integrator. For any series of increments the scale value
is shown as the exponent of the value of any one increment and is ex-
pressed as a ﬁower of 2. This scale value 1s reciprocal of the number

of increments which, if accumulated, would give one unit of the variable

concerned.

As a result, associated with the dx and the dy inputs to each integrator
is a scale factor. Scaling for each individual integrator consists in
calculating the scale factor for the dZ output increments. In case of
dy increments, the scale factor gives the number of increments necessary

to produce a change of one unit in the y value.

There are three binary scale exponents, or scale factors:

Sy is the scale of the integrand and it is determined by the expected
maximum value of the integrand Y. Sy is the power of 2 such that 28y
is larger than this maximum velue. During computation, if the value of
integrand reaches or exceeds ESy, the DA-1 will halt and overflow neon

will light.

Example: y variable is the speed of an automobile which under
normal conditions is expected to remain less than 100 miles per hour.
Since 26 = 64 and 2/ = 128, the smallest scale factor (Sy) to be used
is 7.

SK is the power of 2 such that 2SK is larger than the
constant multiplier.

If k = 296, 8, = 9 because 27 - 512 and 28

= 256,

Sdy represents the increments of the Y variable. It specifies the
value of a single dy input. Sdy is chosen so that 2de is the nearest
power of 2 to the desired smallest variation (accuracy). In the
automobile case, the speed is required to the nearest tenth of a mile

or better. One tenth is between one-eighth and one-sixteenth.
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5.2.1

1]

Since l/l6 mph = 2-&) set Sdy -4, If an integrator is used as a.
multiplier constant, make Sdy
ming are expressed in excess-fifty form. In the preceding examples,

therefore, Sy would be written as 57, Sk as 59 and Sdy as L6.

Sy-26. All exponents in DA-1 program-

RELATTONSHIPS BETWEEN SCALING EXPONENTS

S SCALE EXPONENT OF dx INPUT

<F—dx =
Sy Sk _ . ,
| ¥ max | < 2>——(> k| <2 [———=>5,, ="SCALE ZXPONANT OF

Kdz OUTPUT

H53y = SCALE EXPOIENT OF dy INPUT

\Y
S, = SCALE EXPONENT OF dz OUTPUT

543
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Figure L48. Scaling Exponent Relationships

SZl

SZ2

Sy + S

dx
Sk + Sy + S

dx

Approximate the Sy, Sdy and Sk for each integrator and its multiplier,
Determine the compatibility of the approximated scale exponents with
those of the other integrators. Calculate Szl’ S,, as shown above.

zZ2

These exponents SZl and SZ2 must be equal to the Sdy or Sdx for the
integrator to which they are input. It may be necessary to change some

of the estimated scaling in order to obtain compatibility.

CODING

In coding, the scaled flow diagram is transcribed into a set of
numerical codes, understandable by the computer. The assignment of
integrator numbers, other aspects of coding, the procedure to enter
information into the computer, the operational codes for modifying
the program, and the error indications during the type-in of the pro-
gram are all discussed in detail in the Programming Manual, and they

will not be repeated in this manual.




6.0

6.1

6.1.1

SECTION VI
MAINTENANCE

MATNTENANCE

The Jjustification for the maintenance of a machine lies in its use.to
ensure availability and for the performance of its function at the
optimum rate. Maihtenance of a machine is as important as is its
design and manufacturing. The previous discussion has been about the
design and logic of the DA-1 so as to enable the reader to be able to

maintain or restore it into working order.

PREVENTIVE MAINTENANCE

The general rules about preventive maintenance of the DA-1 are not
different from that of G-15. DPast experience and statistics prove that
hours of uptime vary directly with hours of preventive maintenance per-

formed. Good preventive maintenance consistently performed, can elimi-

nate many costly emergency calls. It is also experienced that a specific

procedure should be followed at preventive maintenance time for effi-
cient procedure. The following will be considered standard procedure

during each preventive maintenance period.

PRIOR TO TURNING ON EQUIPMENT

The preventive maintenance should be scheduled in such a manner that

insures getting a "cold" machine at least every other preventive main-

tenance call. It is necessary to eliminate the warm-up problems.

Consult the User's Log on machine operation for troubles since the last
call. If there is no log kept, check with the user. Do not eliminate
any portion of the procedure to speed up preventive maintenance for any
reason. The portion eliminated may be the emergency call of tomorrow.

A quick check of the fuses for proper seating may save a rectifier.

(1) see that the circuit-breaker of DA-1 is ON before turning
on the G-15.

(2) Make sure that the A.C. cycle is complete before the D.C. reset
button of G-15 is pressed. DA-1 is one step behind the G-15.
Watch the A.C. meter on DA-1.

117



6.1,2 AFTER MACHINE ON
(1) Check the Clock Pulse before running the Test Routine, and turn
the 8 toggle switches ON in the back of DA-1.
(2) Read in the DA-1 Test Routine, and check all the tests of the

routine with 10% margins.

Plug in the plotter (PA-2 or PA-3) and read in the
DAPPER (lA or 2) and the Plotter calibration routines
according to the procedure given. Check the plotter
with all the margins. This will give a check of the

circuitry concerned with the output to the plotter.

These checks should be made as soon as possible after turning ON the

machine.

6.1.3 MISCELLANEOUS

(1) Check the air filter and clean or replace, if necessary.

(2) Check the meter accuracy of DA-1 with an accurate voltmeter.

(3) Put the dummy plug in PLF-16 after disconnecting the DA-1
from the G-15.

6.2 POWER SUPPLY CHECK (Reference: Figure 35, L1 and 42),.

Power Supply usually does not give much trouble in the field, if it
i1s once thoroughly checked in the Systems Test. If it does give more
than usual trouble, the following procedure may be employed to give
it a thorough check. This check is usually employed in the Systems
Test before all the packages are plugged in.

6.2.1 PROCEDURE

(1) Remove both fuses F1, F2 and pull out the D.C. interlock relays
K-5 and K-6. Connect pin K5-3 to K6-3 and AlOL to JLOM by using
Jjumpers. Take all the packages out and with PLF-1 out, PLF-2 in, and
PLM-5 out, check the A.C. turn-on cycle as follows:

K-1 will pull in immediately when A.C. of G-15 is turned ON.
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Then, K-3 will also pull in, i.e. (K-1°K-3).
Then, K-4 will pull in and K-3 will drop out, i.e. (K-1-K-3-K-k)
Then, K-3 will also pull in again, i.e. (K-1+K-3-K-4).

(The above relays are controlled by the timing motor TM-1 of G-15).
Check the simplified schematic, Figure L1, to see the connections

between G-15 and DA-1 power relays.

(2) Follow the same procedure as described in "(1)" after plugging
in PLF-5 and turning on the Circuit Breaker -1 (CB-1).

(3) Same as "(2)", but with D.C. on. Check the secondary voltages of
VI-2 and VI-3. The relays K-1, K-3, K-I and K-2 will be pulled in.

(k) sSame as "(3)", except K5-3 to K6-3 jumper is removed. Fuses F-1
and F-2 and relays K-5 and K-6 are plugged back in.

(5) Remove jumper (ALOL to JLOM) and visually inspect and install the
packages according to the package location, see Figure 43, Plug in

PLF-1.

(6) Check -55 volt D.C. filament reference voltage and -20 volts D.C.,

and adjust, 1f necessary.

(7) Check all the voltages on the percent voltmeter by using the
voltage selector switch. The switch should never be left at -20V test
position. This position is only for checking the -20 volts supply of
DA-1 while the -20 volts from G-15 is disconnected.

LOGIC CHECK

The logic circuitry of DA-1 is checked by the DA-1 Test Routine., The
new DA-1 Test Routine is almost the same, except a few modifications
are incorporated to check the logic more thoroughly. It is pointed out
that the cathode followers in G-15, the outputs of which are brought to
the DA-1, are not checked with Test Routine 1 & 2 of G-15. So, it will
be of great convenience if a gquick check of the output signals of these

cathode followers be made first.

The check list of the plug ping, signals they carry, and the source
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of the signals from the G-15, is given in Figure 39 and 40 in the

form of a continuity chart.

Before running the Test Routine, check the Clock Pulse, and turn on
the 8 toggle switches in the back of the DA-1 to connect the memory

lines to the DA-1l.
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SECTION ViII
TEST ROUTINE

' TEST ROUTINE

INTRODUCTION (Reference: Figure 49).

A total number of 45 integrators are used by this test routine, (00
through h6, with .the exception of integrator number 37 and 38). The
first 16 integrators are used to develop 8 negative KdZ outputs (inte-
grators O1 - 08), and 8 positive KAZ outputs (integrators 09 - 15, and
00). In developing these 16 KdZ outputs, the arithmetic circuits are
checked for their ability to properly handle all possible combinations
of positive and negative dx inputs, initial y values, all possible
combinations of dZ outputs and constant multiplier K values. Integra-
tors 16 through 29 are used to check the dy counters and registers,
and the ability of the arithmetic circuits to handle all possible com-
binations of positive and negative values of y and dy inputse. The
next 6 integrators are used to check a programmed halt and the ability

of integrators to function properly as servo or decision integrators.

Integrator 35 is a special case, where the initial values of y is O
and as such, there would never be a dz output. Integrators 39, 42, LL
and 45 give negative outputs, while integrators 4O, 41, 43 and 46 have
positive outputs. The outputs of the following pairs of integrators

go to the dy inputs of integrator 26 through 29:

39 and 40 -- 26
41 and 42 -- 27
43 and 44 -- 28
45 and L6 -- 29

Integrator 39 through 42 dc not yield a pulse every drum cycle. Inte-
grators 39 and 4O check the value of K, and integrator 4l and 42 check
the y register when it is less than full. Integrators 43 and Li check
the -dx, -dy, and -y, while integrators 45 and 46 check -dx, -dy and +y.
The ability of the DA-L1 to detect and halt as a result of an overflow in
a Y register is checked with integrator 36. Integrators 37 and 38 are
left out purposely to show the freédom of choice of intégrators. Numbers

appearing in circles on the integrator map are the binary scale factors.
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The outputs of I-34 and I-35 could not both be sent to the dx of
I-00 with any of the DAPPER routines.

OPERATING INSTRUCTIONS

It is assumed that the G-15 has been checked for proper operation
prior to the use of this test. The first block of this test routine

is the number track (.147 x 86w), and the second is the loader
(-.WWT7ylzy). Read in these first two blocks with P key. Move the com-
pute switch to Go. This will load lines 6 through 18, beginning with
line 18, and will type out the check sums as follows:

+20037TWO
-.322y05u
. 6000000
«222ZZWU
8000000
.840031y
.8L002vu
.860026w
84001 7w
.0020382
.0000302
.0000322
.0000282

When the last block has been read in, and check sum typed out, a
sequence of operations will be executed which will clear the dx and dy

counters and registers to prepare for the DA-1 operation.

If at this time xxxxxxx is typed out and the computer halts, it indi-
cates that the DA-1l did not obey a stop DA-1 command from the G-15.
This trouble must be cleared before the program can be continued.
Take the compute switch out of Go to idle, and then back to Go. It
will restart the DA-1 clearing sequence, and again check for the pro-

per operation of the stop DA-1 command.



7.3

Initial values of Y (ML7) and K (ML5) are also stored in lines 5 and
L4 respectively. The clearing sequence will end with a gate type-in
ready configuration. At this point there is a choice of three modes

of operation depending upon whether 1 tab (:) , -1 tab (:), or O tab
(®) is typed in.

NORMAL TEST

Type in 1 tab @

This will start the DA-1 and allow it to run for approximately six and
one-half minutes, after which DA-1 will halt and the contents of y
registers of integrators 16 through 29 will be typed out in sequence.

If the test was successful, the following typeout will occur:

. T22W99 For I-16 )

« T22Zww99 "oI-17 These 4 should be the same for
»722ww99 " 1-18 correct typeout.

. Tz2ww99 "I-19_J

.0003367 For I-20 )

.0003367 "oI-21 u These 4 should be the same for
.0003367 "or-o2 correct typeout.

.0003367 " I-23_J

.41003368 For I-24

«3zzww98 For I-25

«72zZww99 For I-26

«T2zww99 "oI1-27 These 4 should be the same for
« TzzZww99 " 1-28 correct typeout.

< Tzzww99 " I-29

After the typeout has been completed, the computer will halt. Now test
for an overflow in the y register by taking the compute switch out of

Go and back to Go.

If this test is successful, a .0000002 will be typed out. To restart
the test, the compute switch is turned back to idle, and then to Go

again. This will clear the DA-1, set up the initial conditions, and
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gate the typein so that either 1 tab (:), -1 tab (:) or O tab (:) may
be typed in.

If the typeouts of I-28 and I-29 are .7zzww93 instead of .Tzzww99,
check the y and dy adder.

If the typeout of I-26 is .7zzv2yb instead of .Tzzww99, check the Zi
gate and r + KdZ adder.

SHORT TEST

Type in -1 tab (:):

This will start the DA-1 and allow it to run for approximately 15
seconds. DA-1 will halt and the contents of integrators 16 through
29 will be typed out in sequence. This test is useful in checking

margins. If the test is successful, the following typeout will occur:

. Tzz2y00 For I-16 )

«T222y00 "oI-17 These 4 should be the same for
«T7222y00 " 1-18 correct typeout.

«7222y00 " I-19_J

.0000200 For I-20 )

0000200 "oI-21 LThese L should be the same for
.0000200 "oI-22 correct typeout.

0000200 " I-23_

1000201 For I-24

«3222X22 For I-25

«7222y00 For I-26

. T222y00 "o1-27 These 4 should be the same for
. T2z2y00 " I-28 correct typeout.

. T722zzy00 " I-29

The computer will halt after the typeout. Now, the overflow in the
Y register can be tested by moving the compute switch to idle and

back to Go. If this test is successful, .0000002 will be typed out
immediately following the movement of the compute switch to Go. To

restart the test, the compute switch is moved back to idle and back
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to Go again. This will clear the DA-1, set up the initial conditions,

and gate the typein. It is ready again for one of the three tests

(1 tab @), -1 tav ), or 0 tab (B)).

If -1 tab S test is repeated a number of times, the correct type-
out may change slightly due to the fact that the R and the r registers
are not reset to their initial values. However, the form of typeout
for each group should be the same. It is pointed out that there is sc

circuitry which is not checked by this 15 seconds test unless 1t is re

e

peated five or six times. If there is something wrong in the y and dy

adder, the typeout for integrator 28 or 29 will be different (maybe by

unity) from the I-26 and I-27.

If r and KdZ adder is malfunctioning, the typeout for I-26 will be
.Tzzzx01l instead of .7zzzy0O.

UNLIMITED TEST

Typein O, tab (:).

This starts the DA-1 and allows it to run almost indefinitely. This
test is used primarily for troubleshooting. The DA-1 may be stopped
at any time by moving the compute switch to BP and the test can be
restarted by moving the switch from BP to Go. This will clear the
DA-1, set up initial conditions, and gate the typein so that any one

of the three tests can be performed.

The commands in this routine are executed from line O. At any time
after the DA-1 is off, a typeout of the contents of the y registers
of integrators 16 through 29 may be accomplished by manually entering
line O at word time 41. The DA-1 may be cleared, initial conditions
set, and typing gated for a restart of the test by entering into line
0 at word 22.

PA-2 and PA-3 PLOTTER CALIBRATION TEST ROUTINES

This program assumes that the DA-1 is comnected to the G-15 and that

the DA-1 Test Routine has been run successfully. It, also, assumes
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that the PA-2 or PA-3 is plugged into the DA-1, turned on, and the

pen is down.

Step 1: Load the DAPPER 1-A or -2 routine as follows:

The first block of DAPPER 1-A is the Number Track for the G-15.
With ensble switch on, hit "P" key P to read in one block, then read
in another one. DAPPER-2 does not have the Number Track, so read in
Just one block with P. For DAPPER-2 it is assumed that the number
track is already in the G-15.

After this for both routines, turn off the enable switch and set
the compute switch to GO. A few blocks of tape will be read in. The
photo reader light goes off and the computer assumes TYPE IN con-

figuration on the neon panel.

This program calls for all the integrators, so type in "(4 tab (:))"
with compute switch still in GO. 108 will be typed out and a few more
blocks of tape will be read in. The computer will assume TYPE IN con-
figuration again. At this stage, new program can be typed in or reead

in from the prepared tape or both.

Step 2: Remove DAPPER magazine (do not rewind) and mount the *Plotter
Calibration Routine on the photo reader. Take the compute switch out
of GO and type P (Enable ON). When the photo reader light turns off,

put the compute switch to GO. The whole routine will be read in.

Step 3: When the photo reader light turns off, rewind the tape and
remove the magazine. Replace DAPPER magazine in the same condition as

it was removed.

Step L4: The computer is in the TYPE IN configuration. To check the
PA-2 (not PA-3) at the lower speed, type in the following information

leaving the compute switch to GO.

50.5000000 tab 5000 2 tab (8).

* If no Plotter Calibration Routine tape is available, the Plotter

Calibration Routine program may be typed in place of Step 2 and 3.
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«2000000 2 will be typed out.
This step is to check PA-2. It will work on PA-3 also, but at a

slower speed than PA-3 i1s made for.

Step 5: Type Y Tab (:). Y will be typed out and carriage will
return.

Step 6: Now take the compute switch out of GO and turn to EP.

Step 7: Type X - teb (:). The photo reeder will read a few blocks

of the DAPPER routine and turns off.

The plotter will take off and drew a disgonal line for 2 inch
square and then 1 inch square, and then it will continue and drew 2
inch square as shown in Figure 50. The 2 inch square will be retraced
indefinitely. The pen will follow the arrows merked with serial numbers
from 1 to 12.

n s ——— 0 START
When -AX is When +AX is
on PLF-4-1 on PLFL4-1
and +AX is and -AX is
on PLF4-2 on PLF4-2

g+
12
V31| g 9
START
Figure 50. PA-2 and PA-3 Calibration Plot
Step 8: To stop tue plotter, move the compute switch to OFF, type

scf and back to BP or GO.

To start it again from the same point,

type x-tab (:) with compute in BP. To start it again from the begin-
ning, type Y tab (:) with compute switch to GO and then x-tab (:)

with compute switch to BP.
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DA-1 DEBUGGING

DA-1 debugging is usually done with the "DA-1l Test Routine" dis-
cussed in the previous section. A punched tape copy of this test
routine should be in the Maintenance Kit of every G-15 that is
coupled to the DA-1l. The write up of this test, including operating
instructions, test t&pe-outs, integrator map, and coding sheets have

been discussed in the previous section.

FIRST METHQOD

Working with the DA-1 Test can be time consuming and patience depleting
if there is an error that stops the test almost as soon as it is start-
ed. You have to walt for fourteen or fifteen words to type out for
every time you look at a point. To avoid this confusion, use the fol-
lowing progrem along with the test routine.

Step 1: Fully load the DA-1 Test and have the computer setting on
the gate type in, waiting for -1, 1 or O (teb) <:> tests.

Step 2:  Take out of GO (GO) and with ensble on, type in (:) C7g.
Now, type in the following program for 15 seconds test, i.e. (-1 tab.
®):

-0000001 (tab) 242501w (tab) 0000000 (tab)

-U2012Y0 (tab) FI wO002yO (tab) 0028000 (tab)

I x0160lw (tab) U9L62y0 (tab) I C GoO.

This will cause the DA-1l Test to operate repetitiously without gating
typein or typeout. The above example is for the 15 seconds test,
i.e. -1 (tab) (:) . Changing the first word of this program typed in
from -0000001 to 0000001l or 0000000 will operate the 6 1/2 minute,
i.e. 1 (tab) (:) or the indefinite O (tab) (:) test respectively.
This test is prepared because of its brevity and its frequent start
with known fresh data.

SECOND METHOD

Clipleading the reset term of the GO flip-flop to -20 VDC is another
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7.8.1

7.8.2

quick and dengerous method that can be used with success. It is
dangerous because -20 VDC is located on pin K of every diode clamp
package, but inconveniently bracketed by ground on pin J'éhd 115 VAC
(interlock) on pin L. This method keeps using the same data over and
over, right or wrong. It is quick and easy to remember, but does not

lend itself to a close examination of the data in process.
SYNC PULSE

FIRST METHOD

Defining an iteration as a drum cycle and an integrator as a word
time or location, it is frequently required to look at an integrator
or word time located one third or one fourth of the way up in a drum
cycle. Clearing line 19 completely and typing in a solitary pulse
(usually a T29 of the word just before the one of interest) will give
a good scope sync. To look at word (3 for instance, put the Sync
Pulse in T29 of word 72 of line 19. To make sure that the Sync Pulse
is in the right place on line 19, look at the Number Track on the
test panel and see: wul u0 00 for word 73, i.e. 1in the binary

form:

1100, 1010, 0100, 1010, 0000, 0000, 0000
W U L U 0 0 0

Remember that in all words of the number track except 107, T and N
is equal to the location plus one. Syncing on a solitary pulse in
line 19 is an old G-15 technique, but it is repeated here because of

its usefulness in looking at an integrator.

SECOND METHOD

There is another method of syncing the scope for looking at the de-
sired integrator. Type a deferred command into line 23 and sync the
scope on the (TR) transfer jack on the test panel of G-15. For

example, if word 39 of line O is in question, type in the following

command :

(& _c7g UT00000 (tab) (B) end compute to Go.

Sync the scope on TR jack and probe the circuitry.
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G-15D
PROGRAM PROBLEM :

Los Angeles 45, California

Prepared by

Page 1_ of 1
Date: 10-10-60

SYNC PULSE ROUTINE

16

20

136

24
28
32
36
40
44
48
52
56
60
64

68
12

16
80
84
88
82

Line 0

ﬁ

] x NOTES
X X Gate type-in=

10 Njfor |u |l o603 |0jf19 Line 19 —+1line O5%
M W | o3 o5 | 05 |5t |21 N.C. 057.05

W W | os |u ﬂ 10|08 [o]29 Clear line 23

M Wlo7 |uf o818 ]0o]29 Clear line 19

26 27 || o8 o2 | ok | o]os Extractor—s 02,02
3 3 || o2 0000020

34 3| oy 10 |12 | 4]ost Markers —s MQ

8 | 10 " 8000000

2 8 |n 8000000

46 47 | 12 1k {12 Jof28 | 31 H Ready?

0 S | 13 16 | o7 | 4|23 | 26 23.0,1 —=FN

5 85 || 18 WJ" 02 |06 323 | 31| Extract

8 59 || o6 u 08 | o9 [of26 | 30 PN left 1

62 683 || o9 12|15 |ofas | 30 IDs—>FN,,

66 67 || 15 Ju || 19 [19 |u]26 | 30 ” PN, left 2

0 71 | 19 20 [ 21 Jo|2s 30 IDo—> PN oy

" 15| =2 22 | 23 |o|26 28 H PNo —» AR,

18 19 |23 fu | 40 [ 14 | 2(28 | 29 | AR left 17

82 83 || 1» 16 | 17 [ 3]ost | 29 Subtract 1

86 87 || 16 0100000

9 91 || 17 20 | 22 | 0] ost ggq‘ Dummy — AR,

9 8% o [<] oo]oo|olan | 19]>

98 99 | 22 eh |24 |of31 | 31 N.C. AR

u2 W | ar N-1] 00 | 0|2k [ 19 Marker —line 19

Figure 51. Sync Pulse Routine
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THIRD METHOD

Both methods discussed sbove to type in a sync pulse into the com-
puter are tedious to work with. You have to change the command al-
most every time to look at a different integrator. To eliminate most
of the trouble, a sync pulse routine is provided so that the reader

can prepare his own tape and keep it handy for future use (see Figure

51).

The procedure for preparing the tape of the routine is given., After
reading in this routine, put the compute switch to GO and type in the
number (in decimal) of integrator (word) in question (tab) @ Sync

the scope on line 19.

To check if the sync pulse is in the right place, look at the number
track and see the configuration of the word. Sync the scope on this
pulse in line 19 and check the circuitry. You can return to the pro-
gram by typing (:2222 and compute switch to GO. Type u0 -- u7 for
words 100 to 107 respectively. For word 00, type in U8 or you can sync
on TO. For further information, reference may be made to Policies and

Procedures Memo #220.

PROGRAM FOR SYNC PULSE

Read in one block of PPR with Enable P key.

Turn the Compute Switch to GO. Four blocks of tape will be resd in.
Computer halts and gate type in is established. Now, type in the fol-
lowing program, the coding sheet of which is given in the Appendix IV.

x00 (tab) &) y00 (tav) B)

.00 020501231 (tab) ®)
.05 ul00802923  (tab) (&)
.08 020400502 (tab) )
.0k 10124052k (tad) ®
.12 141202831 (tab) ()
13 160742326 (tab) ®
.07 1081802919  (tab) (B)
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.18
.06
.09
.15
.19
.21
.23
b
A7
.22
24
.20
.00
Nl
.03
.05
.02
.10
1

.16.

w020632331
080902630
121502530
ul91942630
202102530
222302628
uk11422829
161730529
202200529
242403131
y20-
000002419

.02.05.0.12.31

u060301905
050552131

u.10.08.0.29.23

(tab)
(tab)
(tab)
(tab)
(tab)
(tab)
(tab)
(tab)
(tab)
(tab)
(tab)
(tab)

(tab)
(tab)

OO0 0COEEEEEEEE

yoL-(tab) (8)

202 (tab) 0000020 (tab) (8)

210 (tab) 8000000 (tad) (®)

211 (tab) 8000000 (tab) (B)

216 (tab) 0100000 (tab) (B)

Now for punching the tape, -type x06 (tab) (:).
(.20ulz2y) check sum will be typed out and the tape

will be punched.
compute to GO.

19.

Sync the

Read this tape in with P key and

scope on TO and look in Line

Now, type in the integrator number in decimal and see

the sync pulse as T29 of the previous word. Sync the

scope on this pulse and probe the circuitry in question.
If the program is left, type in (:2222 and compute to
GO. The computer will set into gate typein. Type in

u0 -- u7 for words 100 to 107 accordingly. For word

00 type u8.
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SECTION VI
POINTS TO REMEMBER

POINTS TO REMEMBER

(1)

(2)

(3)

(L)

(5)
(6)

(7)
(8)

(9)

(10)

(11)

In turning ON the G-15 and DA-1 combination, be sure‘that the warm-
up cycle (A.C. cycle) in both units is completed before turning ON
the D.C. power. D.C. will not come ON as long as A.(l. cycle is not

completed.

If the computer (G-lS) is used with the DA-1 disconnected (i.e. both
plugs disconnected from the G-lS), a dummy plug must be in place in
"DA-1 Power" receptacle (PLF-16). Do not leave the DA-1 cable hang-
ing in the back of G-15.

Whenever the computer is in use and DA-1 is connected, the circuit
breaker in the DA-1 must be ON.

Computer power must be OFF while the DA-1 is being connected or dis-
connected; when diode clamp packages or Clock Repeater package are
being taken out; or when PA-2 is being connected or disconnected to
the DA-1.

DA-1 circuit breaker should be ON before turning on the G-15.

Do not vary the voltages more. than 10 percent for marginal checks.

Check the CLOCK PULSE before running the Test Routine.

In case of power failure, the power supply should be checked accord-
ing to the procedure given under MAINTENANCE, Section VI, paragraph
6.0.

An extensive check of DA-1, PA-3 or PA-2 may be made, using the
CALTBRATION ROUTINE.

The value in the Y register, of an integrator coded as an adder,
must remain close to zero throughout computation for the results to

be accurate.

If the value in a K register is to be +1, that value need not be in-
serted by the programmer. Programming routine (DAPPER) puts +1 in

all K registers unless some other value is typed in.
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(12) If a mistake occurs during the type-in of dx or dy inputs, remove

(13)

(1k)

the inputs in error by using the proper operation code from the

table given in APPENDIX IV before retyping the correct input
information.

To halt and return to the "permit type-in" state in case of program
difficulties, type (:)Ei'with the enable switch ON and the compute
switch OFF.

Programming Routines (DAPPER 1-A and 2) put initial values of zero
in the Y register. There can be no output from integrator 00 unless
it is programmed. Accordingly, it is necessary to enter a constant,

normally +1, in the integrand of integrator 00 to get an output.
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10
11
12
13
1k

15
16
17
18
19
20
21

22

23
2k
25
26

SIGNAL
Start DA-1
Stop DA-1
TO

SOURCE
NOX
NOT
COOX

DA-1 Overflow EOK

M2lw
M22
M22w
GO

HOF
FOL
FOH
EOT
HOZ
HOX
HOV
HOU
HOT
FON

HOS
HOR
HOJ
HOP
HON
HOH
HOM

HOL

EOL
HOK
EOM
EOP

Appendix I.

APPENDIX

UNIT

TG
FO

Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory

Memory

Memory
Memory
Memory -
Memory
Memory
Memory

Memory
Register

Register
Register
Register

Register

INFORMATION B
0-19-31 (272) @
1-19-31 (612) @

0-29-31 (3VZ to reset FO)
20 . IR Gnd pin 4 to set FO
Line 6 information

Line 7 information ax
Line 8 information

Line 9 information _J

Line 10 information )

Line 11 information

> dv
Line 12 information
Line 13 information
Line 1 information r

Normally at -20V. End
on pin 14 fills MLL rn

Line I§ information K

See pin 14 Rn

See pin 14 Yn

Control

Line

ZE Line
(output)

See pin 1k ZE
VAS]
See pin 14 ZS

-20V. on pin 26
blocks recirculation
of M21 and M22. There
is a 39K to gnd.

Signal From G-15 to DA-1 (PLF-21)
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SIGNAL FROM G-15 TO DA-1 (PLF-21) - (CONTINUED)

PIN SIGNAL SOURCE UNIT INFORMATTION
27 GO * EOR Memory -20V. on pin 27

blocks recirculation
of ML6. There is a

39K to gnd.

28 GO ** EOS Memory -20V. on pin 28
blocks ML4. There is
a 39K to gnd.

29 GO B15-R
TB2a DE

30 Write Pulse TShk-2

31  DSeskesX B28R, COOM Cs

32 A38D, KOOX

33 KOOV TG Not used in the DA-1.
3k AOOV

1Lk



I.

II.

III.

Iv.

VI.

VII.

VIII.

DA-1 CONTROL PANEL PARTS LIST

Meters
A. ML - 59C6-004B - Voltmeter, 0-8 VAC.
B. M2 - 59A10 - Meter, PRCT. VDC.
Variacs
A. VI2-VT3 - 84CHA - EP1803
1) Knobs, control modified (round) - 39A22A
2) Screws, bind head, 1/4 - 20NC x 3/8 in. 1g. - 13CLL-003B.
B. VTl - 84A3B - Superior, type 10
1) KXnob ( round) 39A19B
Lites
A. Lite 1 - 95A3-002B - Green - dialco, 521310-992 ) "
B, Lite 2 - O9A3-003B - Amber - dialco, 521310-993 ) 2 /% x 11/16
Lugs equipped with bind head screws.
Fuses
A. Fl, F2 - 68A6B - Fuse holder - Bussman #HCM-2 .453" x .750"
1) Fuse - 68A1-014B-3AG250V 3A.
Switch Assembly - 1C1163
A. Sw 1l (2) - 63C50B - Rotary
1) Resistor mounting board - 8A32TA
a) Spacers - 18AT6A - 3/L" N
B. Resistors - E.L. type 100LE, 1W. - .5%
1) R10-81A10-002A - 26040 ohm
2) R11-81A10-001A - 5208 ohm
3)  R12-81A10-004A - 41680 ohm
L) Rl4, R15 - 81A10-003A - 32550 ohm
Relays
A. KL - 57C24A - Allen-Bradley, size 1 )
B. K2 - 57C23A - Allen-Bradley, size 0 ) SPOck mounted
C. K3 - K4 - 5TA22A - DOSX - TT.
D. K5 - K6 - 57C20B - SIGMO - 4R-Z0OOS-SIL
D Socket - 62A6-002B - 5 pin
Resistors

A. Bracket mounted
1) Rl - 81B12-001A-100W, 25 ohm, fixed
2) R2 - 81B12-002A-100W, 50 ohm, fixed
3) R6 - 81C15-007B-100W, 25 ohm, variable

B. Mounted vertical to Chassis
1) R3 - 81C13-019B - 25W, 1.5 K ohm, fixed
2) R4 - 81AlLkA - 25W, LK ohm, variable
3) R7 - 81C6-0458 - 5W, LK ohm, fixed
L) R8 - 81C6 - O4LTB - SW, 5K ohm, fixed
5) R9 - 81C7 - 050B - 10W, 8K ohm, fixed
6) R13 - 81C6 - 001B - 5W, 1 ohm, fixed

C. RS - Rheostat - 84ALB - 50W, 4 ohm
TS-3 - 80273 - 018B - two 18 terminal barrier strips.

Appendix II. DA-1 Control Panel Parts List
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TYPED-OUT OPERATION TYPE OF ERROR
INDICATOR IN ERROR
59 1+  Fill Y, (504N) exceeds limits
2+ PFill Kb
58 1+ Fill YO Sy too large or too small
g§ 2+ Fill KO or scaling in error
56 1+  Fill Yo sy - de beyond limits
53 dx or dy (not coded Integrator number
1+, 2+, 3+ or L+) greater than 107
54 3+ dx input Integrator number of
or L+ dy input source not legitimate
53 number
52 3+ dx input Integrator number of
L+ dy input destination greater than
107
51 1+ Fill Y Ihtegrator number
2+ Fill Ko greater than 108
] 3+ dx input Machine error
L+ dy input
2222227 u+ Overflow in computation
X+ preceding readout
X—
z000000 u+ Sy in readout lists is
or X+ too large or too small
000000z z-
No typeout
after u+  Typeout (504N) in readout list
"u TAB s" x+ Typeout exceeds limits
or z+  Typeout
"X TAB s"

146

Appendix III. Error Indicators During Type-in




I
3| -jras[s
I
L | -|raBls
I
L1 18] -]Jrasfs |
5| -jras| s
7] +|ra| s
Lof +[ras] s]

+|TaB|

ERIEE
EEEEE
ERER
EEEEE

- | a]

+|Tas|

Appendix IV.

OPERATION CODES FOR PROGRAM CONTROL

Remove dx input from Integrator I.
Remove dy inputs from Integrator I.

Change Integrator I from decision use
to normal use.

Remove list of integrators coded for
readout.

Type out integrand (hexadecimal notation)
and integrator number (decimal notation)
which caused overflow. Clear overflow in-
tegrand to zero. Type out integrands of
readout integrators. Turn off overflow neon.

Punch out contents of DA-1 memory on tape.

Type out decimal portions of readout
integrands.

Type out integrator numbers of readout
integrators.

Type out tens exponent of readout inte-
grands in excess-fifty form.

Type out S of readout integrands in
excess-fifty form.

Recall DAPPER-1A loading routine,

Type out decimal portions of readout inte-
grands and compute, typing out at pro-
grammed intervals.,

Compute, typing out decimal portions of
readout integrands every iteration.

Insert initial values of integrands in
all integrators.

Operation Codes for Program Control
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CONTROL DATA

) > »CUT OUT FOR USE AS LOOSE ~LEAF BINDER TITLE TAB

| CNR[]L IJ\[:'] comPUTER DIVISION
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