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OPERATIONAL LOGIC

The 'logic of the computer' is the interconnection of the electronic
elements in the computer. The logic will be analyzed in terms of the
patterns of states which will be developed in these elements, which are

flip-flops, inverters, buffers and éiiode gates.

1.1 Flip-flops

A flip-flop is a bistable electronic device; its two possible states are
designated as on and off. Associated with the flip-flop are two outputs
called true and false. When the flip-flop is in the '"on'' state, the true
oﬁtput is high and the false output low and conversely when in the off
state. the true output is low and the false output high.

The two inputs have designations similar to the respective outputs,
that is, the input which, when high, causes the true output to become
high is called the true input and the input whiéh, when high, causes
the false output to become high is called the false input.

Two conditions are necessary to cause a flip-flop to change state.
First, the proper input must be high and second a clock signal must
occur. All flip-flops in the computer are syﬁchronized by means of a
clock and the frequency of the clock signal determines the speed of
computation. Because of the clock signal, a lag is introduced between
the time the input becomes high and the time a change in the output is
effected. Let Pi denote the time between a giyen clock signal, C;, and
the next, C;3;. If the logic for a flip-flop that is off is so arranged
that during P, the true input is high, then the flip-flop is turned on at

Ciq,l. .

Once set in a certain state a flip-flop will remain in that state until
the opposite input becomes high even if the signal which put the flip-
flop in its original state is removed. A flip-flop, therefore, is some-

times referred to as a binary memory or storage device.
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Notationally, a flip-flop A is represented by

a =
A
\ od =

.where HA" indicates that the two outputs will be designated "A" and

A L gnd "a' and :".oa" represent the true and false inputs respectively.

1.2 Inverters .

An inverter has a single input, a single output, and, as the name im-
plies, the latter is the inverse of the former. Unlike a f11p-flop, the
effect of a change in input is instantaneously transferred to the output,

hence an inverter cannot act as a storage device.

1.3 Buffers

A buffer is exactly analogous to an inverter except that its output is the
same as its input. Since it introduces no change in the signals already
present in the computer, the only reasons for its introduction are to

soparate circuits and to serve as a power amplifier.

1.4 Diode Gates

The inputs to the elements discussed above are made up of combinations
of outputs of similar elements. These combinations, formed in diode
gates, are represented by sentences of the propositional calculus.

Each aymbol stands for an output whose two possible values,. high and
low, are represented by 1 and 0 respectively. The truth tablé\s for the

bagic operations may now be given.

1.4.1 Negation
Given a signal A, it may be high or low; the table states under what

condition its negation, not-A, symbolized "A'', will be high and low.

A A'
1 0
0 1

Note that if the true and false outputs of a flip-flop are respectively A

and A', then the negation of one output is equivalent to the other.



1.4.2 Disjunction

Given two signals A and B, the table states under what conditions of

A and B the proposition "A or B' will be high and under what conditions
it will be low. The "or' is here used in the inclusive sense and is

symbolized by ''+'.

A B A+B
1 1 1
1 o0 1
0o 1 ]
o 0 0

1.4.3 Conjunction
Given two signals A and B, the table states under what conditions of A
and B the proposition ""A and B will be high and under what conditions

it will be low. The "and" is symbolized by placing the two terms side

by side. ‘ \
11 1\“»-’?'\ Y
1 0 0 .
0 1 0
0o o 0

Some of the fundamental theorems of the propositional calculus may

now be stated. ,
Associativity (AB)C = A(BC) = ABC (a)

I
Distributivity A(B+C) = AB + AC (b}
Commutivity AB = BA (a) I
A+B = B+A (b)
DeMorgans Law  (A+B)' = A'B’ (a) I

(AB)' = A'+B! (b}



1 = A+A'(a) O = AA" (b) 1v
Al = A (a) AO = O (b) v
A+l = 1 (a) A+O = A {b) VI
A+A'B = A+B (a) A+AB = A (b) ViI
AA = A (a)
QA;‘"Q = A (b) VIII

As an example of the construction of diode gates, consider the case in
which a gate B, is required having the characteristics of the following
table.

A, A2 Ay B2 Case
Case |l 0 1 1 0o/ 1
2 1 0 0 1 2
= 1 0 1 1
4 o 1 0 0 4

The problem is to construct a combination of the A's which will be
high in Cases 2 and 3, and another which will be high in Cases | and 4.
That is, B, and B' respectively. The formal approach is to set each
of these equal to the disjunction of A signals that are to be true if B,
(or BZ) is true plus the negation of A signals that are to be false,

Hence, . 2. 3

— 1Al ' 1 2 RV A
B, = Az AbA} + Ag AL A+ (AL A, A + A} A, A)

The right-hand side of the equation is now simplified by a,pplynmg the

Theorems stated before,



) I
5. CA*BB - A'B

H
N
|

= A3 A Al + A3 Ay Ap + (A3 Ap Ay (A3 Ay Ajy {IID)

i

2
A3 A Al + Ap A3 A + A3 A) + A3 AL+ A A

Ay Ay A} + Ag A) AL+ (Ag + A+ AJ)(AgtAgtA) (ITT)

5
N
i

+ AL A+ AL A3+ A A+ A+ A; (L IVYVID)
= A) + A3 (VIIE)
A gimilar procedure is employed to derive B).

The method just outlined has two drawbacks, however: the final equation
may not be the simplest in terms of the amount of equipment it requires,

" and, if the tables are larger, the method entails a prohibitive amount of

time.

A less formal method consists in directly examining the tables for reg-
ularities. Thus, in determining B) it is evident that the Ay and A terms
are sufficient since the four combinations of A and A all oeccur. B,
then, may be set equal to A, A o+ A, A'l. But this is equal to Aj.
Similarly, an examination will show that

Bé = A:'s

and, in the case discussed above, _
' B2 = Aj
or B, = A3

1.5 Number System and Arithmetic

In order to understand the addition logic of the computer it is helpful to
have some acquaintance with the characteristics of the binary number
eystem. The symbols of this systeﬁi are 0 and 1; the weight of any 1 -
being determined by its position. Starting at the right of a number,
these weights are 1, 2, 4, 8, 16, etc., that is, 2° 1 where n is the
ordinal number of the position with n = 1 at the right end. Thus



(1x2°) + (x2') + (x2%) 4
ax2?) o+ (ox2ty + (0x2”) +
ax2%  + (ox27)

= 140+4+8+0+0+64+0

= 77

01001101

An examination of this weighting scheme will show that the greatest de-

cimal number representable by n binary places is 2"-1,

Addition of binary numbers, like that of decimal numbers, may be
carried out serially, digit by digit. At each step in the addition of two
numbers; Nl and NZ” three digits must be considered: the respective
digits of N, and NZ and the carry which may have resulted from the
addition in the previous place. The table for determining the sum, Sn,,

and the carry, Cn’ in any given place, n, is:

Ny N, Cha1 5 Ca
0 0 0 0 0
1 0 0 1 0
0 1 0 1 0
1 1 0 0 1
0 0 1 1 0
1 0 1 0 1
0 1 1 0 1
1 ] 1 1 1

Subtraction, in binary, decimal, or any number system, may be per-
formed in two ways. The first is by constructing a table defining the
difference corresponding to any two digits in the system and another

specifying the carries between digit pairs. The second scheme utilizes
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the dofinitions for addition but changes the subtrahend to itm cemplemenit.
The complement of 2 number "A'" in a number system with radix R is

Ri - A, where i is the number of digits in the register which holds the
result. For example, if R = 10, i = 3, A = 7, then the complement
of "A" ig 1000 -7 = 993, That 993 will operate in addition like -7 may
be seen by adding, say, +9 to it. Since 9 = +7+2 we may consider the

+ and - sevens to cancel and +2 to remain which is the case since

993 + % = 002.

; The carry digit out of the left most place is lost because the register
has only three places. Construction of complements requires the in-
troduction of a partial table of differences for specifying the difference
between R-1 and the remaining digits in the number system. The com-
plement of a number A, represented by as many digits as there are in
the register; is produced by subtracting each digit of "A" from R-1
‘and adding 1 to the least significant place of the result. This 1 must be

added since the minuend is Ri-1 rather than Ri.

ia order to operate correctly on the signs of numbers it is convenient
to add an extra place to the left-hand end of the register, although, in
general, this place need not take on all R values. If a zero is held in
this place for positive numbers, the complementation process will result
in an R-1.for negative numbers. If the assumption is made that all com-
putation remains within the limits of i places exclusive of sign, then the
correctress of the scheme may be seen as follows. If the two numbers
being added are positive, the i+l place will always be zero. If one is
negative and one is positive, lack of a carry into the i+l place indicates
_ that the negative number is larger; hence, the result in the i+l place is
R-! since the result is negative. A carry into the i+l place indicates
the positive number is largest and places a zero, (R-1})+1, in that place,
the carry out of the i+l place being ignored. Finally, if both numbers are
negative, a carry must eventuate if tthe number is to stay within the
bounds of the register, hence, the i+l place has

' 14(R-1)4(R-1}-R = R-1,



The imitial [ is the input carry, the final R the output carry.

\
~

Examples in which R = 10 and i = 5 will clarify the scheme:
+87665 087665

-73413 926586
| i |
014252 = +14252

+18639 018639

- 154 : 999845
1 .
018485 = +18485

i

The system is particularly apt for R = 2, since R-1 = 1, 1-0 =1
and 1-1 = 0. This means that complementation proceeds By changing
1 to 0 and 0 to 1 and adding one on the right. The following examples '
 of subtracting by complementation will illustrate the case of R = 2

andi = 6:

+37 +100101 0100101
-50 -110010 1001101
1

1110011 = -({+64-51) = -13

35 +0100011 00100011
-10 - 1010 11110101
1

T ——————

00011001 = +25

1.6 Binary Coded Decimals

The binary number system may be employed to represent decimal num-
bers by using four binary digits for each decimal digit. Four must be
used because it is the smallest n for which 2" >10. If the normal binary
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system is used, the following table shows the binary combination cor-
responding to each decimal digit; complements being used for negatives.

0 0000 5 0101

-1 1111 i 0001 6 0110 |
-2 1110 2 0010 7 0111
-3 1101 3 0011 8 1000
etc. 4 0100 2 1001

Addition must now be modified in two ways: carries from one group of
four binary digits must be sensed at 10 rather than at 16, and, in the
event of a carry, the sum must be modified. An example will clarify

the procedure.

. 1 1
763 0111 0110 0011
+158 0001 0101 1000 |
1001 1100 10i1 - First Addition
'(E—gclo’zv »;_";',-";;";
921 1001 0010 0001 Correct Sum

Carries result from the two decimal additions on the right since both
numbers are greater than 10, and both of these must be corrected by
adding 6 (16 - 10j. Another method for representing decimal digits

with binary numbers is the so-called "excess-three' code. This is the

code employed by the computer. Note that the rules for complementa-

tion are valid for this code.

1101 -0
1100 49 -1
1011 +8 -2
1010 +7 -3
1001 46 -4
1000 45 -5
0111  +4 -6
0110 +3 -7
0101 +2 -8
0100 +1 -9

0011 +0



- 10 -

To arrive at the excess~three éode from the binary code, add three
(001 1 in binary) to the binary code if the number is positive, subtract
3 (by adding 1101? the binary complement of 3) if the number is negative.

0111
+0011
1010

Thus +7

1001
1101
0110

]

while -7

The advantage of the code is that the normal binary carry out of the most

significant binary digit also serves as the carry between decimal digits.

Addition and subtraction differ from normal binary addition and sub-
traction only in that a correction factor must be made on the first sum
in order to give the true sum. The determination of the correction’

factor requires the consideration of six cases .given by the following

" chart. s

Add -3 Acc\
Numbers ‘

Being No

Added -Carry Carry
both + 1 Iv
one + iI -/ ) v
one -

both - ; III VI

CASE 1
Both numbers X;, X, are of the form
X =N+3
where N is the value of the digit represented.
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X Ny + 3
1 = 1 (O$N1 + N,&9 since there is no
+ XZ + NZ (+ 3 carry)

N]_ + NZ + 6
The correction factor is -3, since X3 is required to have the form
Nl + N, + 3.

CASE 11

Here XZ is a negative number and, therefore, it is in a complemented

form,
lb_NZ -3 = 13-N2.

The addition is in the form

- X, -N, + 13 {9ZN,”N; since there is no
carry)
N, - N, + 16

The correct sum is a negative number with the form 13 + (Nl - Nz»

so that the correction factor is again -3.

CASE 111

" ) S 182N; + N,»11

- X, - 13 - N, (182N, id

——— since there is no carry)
26 - N1 - N2 ‘

Since N; + N, must be larger than 10, the correct form of Xg
is 13 - (N} + N, - 10), so that the correction factor is -3,

CASE 1V

Before taking up the cases involving a carry, it should be noted that
when a carry occurs it represents 16 in the binary code, consequently

16 must be subtracted from the sum.
+ 3
Ny + 3 (18>N; + N,210 since
X2 N2 there is a carry)
N, + N, + 6 -16
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Since Nl + N2710, X3 should be (N1 + N, - 10) +3 and the

coirecticm factor is +3.

CASE. V
X, = ’1‘1 +3 (9PN ZN,)
xz = 13 - Nz
16 + N1 - N‘2 - 16
X3 is a positive number of the form Ny - N,) +3, so that the cor-
rection factor is +3.
CASE. VI
X, =13 - N (10N; + Np2O since thereisa
X =13 - N . carry)
2 “ T2
26 - (NZ + va) -16
'X3, being a negative number, must be 13 -(N2 + Nl), so that the

correction is +3.

Reviewing all six cases, a procedure may now be outlined covering all

additions in the excess-three code.

1) Add the two numbers in a purely binary fashion treating any carry

as a normal ''ten' carry.

2) If a carry occurs add +3 (0011) to the result in (1); if no carry
occurs subtract 3 (add 1101) to the result in (1), ignoring any carrys

between decimal digits.

That the scheme for subt raction by complementation still holds may
be seen by considering two points. I. the complementation procedure
is applied to the decimal digits individually, each digit is transformed

into its complement.
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For example
+4 0111 1000

+7 1010 0101

Once the coding scheme is validated, the invidual coded digits may be
censidered as decimal numbers; the validity of the system for decimals
was ahown above.

Examples of the complete scheme follow:

EXAMPLE I

+ 1346

- 109

+ 0100 0110 0111 1001 .

- 0100 0011 1100 |
oo11 o100' o110 o111’ 1001  Addend (2) a
1100° 1100 1011 1100 -7 0011 Augend
=] -] -—— | - 0 =-— 1 Carry
0000 0001 0010 0011 1101
®011° 0011 0011 0011’ mo1. - (2) b
%11’ 0100 0101 0110 1010 F 41237

(1) shows the numbers in excess-three code as the absolute value
and sign. In (2)a the addend remains unchanged except that its sign is _
‘”__‘,.,"' while the augend, being negative, is complemented. The éarry
in the right most addition provides the extra '‘one'' in complementation.
The correction factor is determinedvby the carry "out" of each decimal
digit.
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EXAMPLE 11

(- 673) _
-(-102) *
2 . 7 2
-1001° 1010 0110
--0100' ©0011° 01017
1100 0110 0101 1010 <.
-11004 1011. 1100+  :1011
1100 0110  0101° 71010
©0011:0100° - 0011 10100
p 0 0O 0 1.
~=11Y1 1010 1000 1111
1101 1101 1101 1101
1100 0111 0101 1100 =

(1)

(2)

. (3)

-{1000 - 429)
- 571

In (1) the numbers are shown as absolute value and sign. Both addend

-and augend are transformed into complements in (2). The remaining

minus sign is accounted for by transforming the augend again and the

addition proceeds in (3).
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2,0 ARITHMETIC UNIT

Figure 1II is a logical schematic of the Arithmetic Unit showing the
sequence of operation in the arithmetic channels, 4, 3, 2, 1. These ére
channels on the magnetic drum so arranged that each integrator is read,
new information is recorded, and, after a delay of 60 integrators, the
new information is read, In this manner all sixty integrators are serially

processed.,

The grouping of the information read from the magnetic drum is ihdia
cated in figure II. This figure shows the information read from the ‘
drum during integrator 59 and 00 times in the sequence of 38 puise times
indicated. At 0, times (pulse times 3, 7, 11, 15, 19, 23, 27, 31, and
35) the digits of the Y register are read from the drum in channels 4,

3, 2, 1. 03, 0y and 01
condition register (Yi)’ the R register and the Y5 register respectively,

times arefsimilarly associated with the initial

In figure III, the large squares stand for diode gates with operating
characteristics given by the equations within the squares. The sn.mé,ll:
squares represent vacuum tube circuits; those containing ''b" éré buf-
fers, those containing "I'' are inverters. All other letters indicate
flip flops, the true signal being on the right in the direction of the
arrows. When two inverters are shown together or a butfer with an in-

verter, the output of the first unit serves as the input to the second unit.

R4’ R3’ RZ’
tively, and hold the information shown in the top part of figure II at the

pulse times indicated, Ry holding the most significant binary digit of

Rl’ are the read flip flops for channels 4, 3, 2, 1 respec-

each decimal digit.

The adder proper occupies the upper part of figure III and contains, in
addition to the excess-three decimal adder, a gate(Gé6)for inserting in-

formation into the arithmetic channels and a gate (G2)for resetting
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initial conditions.

The output and overflow signals are developed in the unit as well as the

activate signals Re and Rf.

2.1 Activate Signals

One of the advantages of the excess-three code is that at least one binary
one appears in the code for every decimal digit, that is, 0000 is not
used. It is, therefore, simple to detect the presence of numerical
information in the arithmetic channels for the purpose of determining
that point at which dy inputs are to be added. Re goes on when the

first digit appears, and remains on through P36’ the last position of

the arithmetic channels that is used.

R, = R4 + R3,,+. R2

R1 is not required in this equation as it will never be true unless at
least one of the other R's is also true. Ré, for electronic reasons,

is developed rather than Re’ o

Four pulse times after R goes on; R, goes on at the end of the Found-

off digit group and, since the output of a flip flop lags its input by one

clock pulse, Rf stays on through P37. The "R term is included in x,

so that r, itself may be used to identify the least significant digit of R
at the end of the round-off digit group.

2.2 First Adder
The augend input for this adder A, - A1 is either the information read

from the memory channels 4-1 and held in the R flip flops or informa-
tion from the Fill Unit (figure VIII) coming into Gb6 on the F lines. A
signal Fo’ also developed in the Fill Unit, controls which of the two
sets of information is to be used as an input. The negation of certain
signals (such as A2 and A4), rather than the signals themselves, are

developed throughout the adder for electronic economy,

The addend input B4 - Bl is developed in G9. G (from the Fill Unit)
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is a signal indicating ongoing computation as opposed to idling or filling,
When Re and G are both true, the number held in the L flip flops serves
as the addend. The logic for these flip flops is in Gl16. The J lines
(Address Unit) hold Dyd, Dy, and DI at 04, 0l and OZ times, while U4 -
U, at each 03 time hold the new Y. The logic in G19 determines if
Yo is entered directly or complemented in the L flip flops. Xe signi-
fies that there is a non-zero dX while Xs denotes the sign of dX, XS

for +, Xs' for —. If dX = 0, G16 sets the L flip flops to 0011 at the

end of 03 time. With this arrangement of inputs, again recalling that
the output of a flip flop lags its input by one clock pulse, L, - L, con-
tains Dy, Dy, Dli:,nd Yy (dX) in 01, 02, 03 and O4 times respectively.
Referring to figure II, it can be seen that the contents of the L flip
flops are in the proper phase to be added to the contents of the R flip

flops.

If either G or R is low, the four signals coming out of G9 are low.

In this case

B} is low .". B, is high
B'2 is low . ", B, is high
Bs
B4 is low

The augend is then 0011, or zero in the excess~-three code. In this

is low

manner the arithmetic information will recirculate unchanged whenever

there is no ongoing computation.

G4 contains:the logic for the first parallel binary adder, which adds

B4 ’-r.?

C; C. Cy C. C.

d c a i
Ay Az Ay A
B, B, B, B;
S4 83 Sz Sl
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The first sum term in the binary adder is:

- 1 ! ! 1 1 1
s, =A; By C; +A) Bj G +4A] B] C; + A} By C (1)

and the carry term is
Ca:A1 B, + Ay Ci+Bl C, (1)
The former is transformed by noting that
1 | - 1 J
Ay B] Ci = B, Ci (A1 +Bl +Ci)
since .
1 1 - 1 t 1 1 1
B Ci (A1 + B, +Ci)-AlB1Ci+B1BICi+:BlciCi | |
and contradictory terms may be omitted. Applying this to the last three
disjunctive terms transforms (I) into
- t ! 1 1 1 !
8, = AlBlci + (A + B, + Ci)(Bl Ci + A B, + Al Ci)
but the last parenthesis is equal to C;’, hence we have
= (- ! A ! !
8, = AlBlci +(A,; +B, +Ci)Ca--AlB1Ci +AICa +B1(C3a + CiCa+CiCa (Ia)
An examination of G4 will show that, with appropriate subscripts, all
terms have the form of (Ia) or (II) or their negation. Since the S flip
flops are employed as delays rather than as memory devices, only one
input to each is developed as an independent input. The second input
to each flip flop is derived from the first by means of an inverter,

causing the outputs to follow the inputs exactly except for the one pulse

delay inherent in all flip flops.

C1C20364 is a four pulsetime delay stepping register which delays 'Cd’
the output carry from the binary addition, until the next appropriate

decimal digit.

Ci’ developed in G5, is the input carry to the least significant binary
digit. ReRfC4 is the normal input carry term and rfG XeX's is the
11" that must be added in the subtraction by complementation scheme
outlined above. C4 is qualified by Rf to assure that no carryis entered

from the previous integrator and by Re to assure that no carries are
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added at P37 .

time of the least significant digit of R, and G designates ongoing compu-

X X's indicate that dX = -1 while r, designates the pulse

tation.

2.3 Second Adder

The augend for the second adder is held in the S4 - S1 flip flops, the
addend in T, - T,. If the output multiplier is one, MI and My will both
be low and G7 will be controlled solely by C;. The T signals are in
phase with the S signals (both are one pulse delayed from G4); con-
sequently the two can be added together. The second adder, as indica-
ted before, should have -3 for an addend if no carry resulted in the
first addition, and +3 in the event of a carry. These, in binary form
are., respectively,

0011  (Carry: C)

1101 (No Carry: C"’”l)

Ignoring the Py4terms, which will be explained in connection with the

output logic, the proper codes occur since

T‘_1 is always low hence T1 is high
TZ is high when C1 is high
T' is high when T, is high, hence T,

3 2
is high when C‘1 is high

T'y is high when C, is high, hence T,
is high when C'1 is high
The second adder is identical with the first except that it has no pro-

visions for either an output or an input carry. The first carry term
Cal has, therefore, the form SlTl’ and when negated becomes S‘1 + 'I"I .

The output of the second adder is set up in the U4 - Ul flip flops two
pulse times after the original augend appears in the Ry - R, flip flops.

The initial condition reset is accomplished by G2. UR is the normally
high signal indicating that the output of the U 4" U, flip flops is to be
recorded on the drum. During initial condition 1'ese1:,Sr is made true
but only for 03 and 04 times (QlRy®term of G14 of the Control Unit}.
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Also Sy being true causes U, to be false. The information held in Uy-U,
during 03.and 04 times corresponds to the original augend which appeared
in R4-R1

number (see figure 1I) into the Y and Yﬁ registers, it is only necessary

during 0; and 0, times. It can be seen that to transfer the Y.

to diminish the number of pulse times between read and record by one.
This is accomplished by by-passing the Uy-U; flip flops during reset
which in effect steps the four arithmetic channels to the right. This is
done on two successive drum revolutions to allow Y; to reach YD as well

as the Y position.

SR is also set high to shift the contents of Y into Yp when dX = + 1 (see
gate 14 of the Control Unit, term 05 X G). This corresponds to the

trapezoidal integration method described in the operation manual.

During initial condition reset,R;; - Ry  reset R to the correct round-

off number in accordance with the output multiplier {G12 of Control Unit}.

2.4 Determination of Correction Factor in Second Addition

At P34 time:

S4 - 5) holds the first sum of the addition of the last digits of R and
Yp (dX). .

C, . “holds the carry out of the R +'Yp (dX) addition.

T4 - T holds the correction factor as determined by the output
multiplier and the carry digit Cj.

M; © * indicates an output multiplier of 2.

My indicates an output multiplier of 5.

2.4.1 Output multiplier = 1

In this case Ty - T, holds the normal factor depending upon the carry
C; (0011 or 1101).

2. 4.2 Output Multiplier = 2

The value of the most significant digit of R, which is held at P33 in R4-R1.

is limited in value to

0111 (+4)
0110 (+3)
0101 (+2)
0100 (+1)
0011 ( 0)
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To this digit is added in the first adder the most significant digit of
(Y and &g dnputicapey) (@X). - - . . C o e
The codes which may be added to the most significant digit of R in the

first adder are:

1101 +10 1101 -0
1100 + 9 1100 =1
1011 + 8 1011 -2
1010 + 7 1010 -3
1001 + 6 1001 -4
1000 + 5 1000 -5
0111 + 4 0111 )
0110 + 3 0110 -7
0101 + 2 0101 -8
0100 +1 0100 -9
0011 + 0

The result is held in S4 - Sl and C; at P34 as is shown.in the table on
the following page.

The column labeled C; indicates the carry associated with each sum in
S4 - Sl' p = S3 Syq Sl'SZ S4, generated by G8 and the accompaning
inverter, is the term which indicates when a single non-zero output

has occurred for an output multiplier of 2. T, - T, is shown to hold
either -8, -3, +3 or +8 to obtain the proper second sum in U4 - Uy as
shown. Z,, the term developed by Gl1, indicates that a non-zero dZ
output would occur if the output multiplier were 1 (see Section 2.5.1).
When the first sum in S4 - S1 is between +0 and +4 in value, the cor-
rection term of 1101 or 0011 is the normal one determined by C;. When
the first sum is between +5 and +9, a dZ output of +1 occurs and a com-
pensating 5 must be subtracted from the first sum as well as the excess-
three subtraction to obtain the proper remainder. When the first sum

is between -1 and -5 there is a dZ output of -1 and a compensating 5

as well as a 3 should be added to obtain the proper remainder. When
the remainder is greater than +9 or less than —5; ‘a dZ output of +2 or

-2 is called for. Since such outputs are not provided for, Z serves

to detect these cases and computation is stopped (see Section 2.7). The
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The circled entries in the table under T4 - T) are those which differ
from the normal operation of C; upon the correction term. In G7

T = P34 M1 B
and
so that T, and T, are set to these circled states when B is high.

2.4.3 Output Multiplier = 5

Here the most significant digit of R is limited to:
0100  (+1)
and

0011 (+0)

The codes which may be added to the most significant digit of R in the
first adder are the same as for the multiplier of 2. The following

table (shown on p. 24) is analogous to.the previous one.

When the first sum in S4 - S1 is either +0 or +1, the correction term
of 1101 or 0011 is the normal one determined by Cj. When the first
sum is either +2 or +3, a dZ output of +1 occurs and a compensating 2
should be subtracted from the first sum as well as the excess 3. When
the first sum is either -1 or -2, a dZ output of -1 occurs and a com=
pensating 2 as well as a 3 must be added. First sums greater than +3
“and less than -2 are prohibited since they call for multiple dZ outputs.
If such outputs are indicated, computation is stopped (Section 2.7).

The circled terms in the table are accounted for in G7 by the M1

terms of:

i

T C; + P3g M118'3 G
T'3 T + T
Tiy= Cp + P3y My B G
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2.5 Determination of Integrator Output

The existence of a dX is indicated by Xe being on (see Address Unit for
dXe input to Xe). This is a necessary but not a sufficient condition for

a dZ output, the other conditions being afunctionof the output multiplier,

2.5.1 Output Multiplier = 1
The existence of an output'; Zn’ is determined at P35 time by XSQ C2

and S4 (which at this pulse time holds the sign of YD)o

X

C S Z
s 2 4 n
Sect., 1.6 Case V 1 1 1 0 X, = 1. dX positive
" v 1 -1 0 1
" Ir 1 0 1 1 Sy = I: Y D negative
" I 1 0 0 0
" Iv 0 1 1 1 C, = 1l: carry from
" v 0 1 0 0 R+ (YD) (dX) addition
" I 0 0 1 0
" I o -0 0 1

An examination of Gl1 indicates that it provides for the four cases in

which Z =1,
n

In addition to the normal output, an output results if the integrand is

greater than one in absolute value when a dX occurs. This is deter-
mined by the most significant digit of YD’ YDS” which has its uncor-
rected new value held in S4 - S1 at P35. The form taken by this first

sum depends upon the sign of dy. (See chart on the following page)

The columns under Md indicate the state of M, as determined by Gl4.
Since appropriate scaling will hold YD within +2 > YD},aZQ M, is
effectively a signal indicating that the integrand is greater than 1 in

absolute value.
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R,f is required in the Md term so that Md cannot come true for an in-
tegrator that is not coded. This prevents Rz from turning on and initiating

an automatic reset if 159 is not coded (see Gl1 of the Control Unit).

dy pos : dy neg
Final Sum S453525] Mg 54535581 My

+4 1010 1 0100 0
+3 1001 0 0011 1
+2 1000 1 0010 0
+1 ‘ 0111 1 0001 1

0 0110 0 0000 0
-1 1111 0 100} 0
-2 - 1110 1 1000 1
-3 1101 0 0111 1
-4 1100 1 0110 0
-5 1011 0 0101 1

2.5.2 Output Multiplier =2

An examination of the table on page 22 indicates an output of + 1 when
p= L. |
2.5.3 Output Multiplier =5

Here an output occurs when S4 = 1 (see table on page 24).

The output terri in G12 is .
- ' 1 : 1 G
dZ =G' + S' M, + SAZn + M Sb + MIISb +SAM'<d Sb

ATd I
— ~ 7 Y
SA is a signal developed in the Fill Unit to hold the indication of servo

operation. For normal integrator outputs with a multipler of 1, MD

and Z must be qualified with S'A signifying that the integrator is not a’
servo. Servos will have outputs of the type S, M:i Sb;where Mb '

assures a zero output if the Y register is equal to or greater than one
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in magnitude (decision integrator operation), and S, is a signal indicating

that YD is not zero.

S
b
recorded are examined during 03 times. If any digit is not zero, U4

U, UZ U, = 0011, S, is turned on. For output multipliers of 2 and 5,

Sb is turned off at the end of P34 if there is no integrator output; this

is developed in G15 where the fractional digits of Y that are to be

prevents an output from being recorded on the Z line since dZ is quali-
fied by P,g (G3 Output Unit) before recording. If not previously turned
off, Sy is reset each time Rf’ is set high.

The G' term of dZ is used during idle to recirculate Z line information

and will be discussed in the section on the Output Unit.

2.6 Sign of Output
The sign of the output is independent of the output multiplier, being a

function of the sign of dX, Xs, and the sign of Y, Sye

54 Xs dzs At P time

35
1 1 0 S, = 1: Y negative
1 0 1 4 D
0 1 1 Xs = 1: dX positive
0 0 0 dZs = 1: dZ positive

An examination of G12 indicates that it provides for the two cases in
which dZs = 1. The G’XS term corresponds to the G' term of dZ

and it also will be discussed more completely in the Output Unit Section.

2.7 Error Detection

2.7.1 Multiple Output (gate G13)
When a multiple output occurs, I'p of G13 becomes high as explained

below. rp high turns on RD which in turn causes Ro (G18) to become

high. ROP1 turns C}1 off stopping computation (see G13 of Fill Unit}.

2.7.1.1 Output Multiplier =1
A double output occurs when both Zn and Md are true at P35 time.
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2.7.1.2 Output Multiplier = 2
A double output occurs when both Zn and MISI; are true at P35 time.,

Combining the two above cases we have
3 T
P,. Z_ (Mg +MS!) (III)
Since Zn is independent of Xe, it may be high even though X; is high,
therefore (I11) above must be qualified by Xe (see 2.5).

The condition of R, is irrelevant in servo operation, herce the Skterm--

D
G insures that the Xe term refers to c'lXe since, when G' is high, Xe is

used to process other information.

2.7.1.3 Output Multiplier = 5
A double or triple output is indicated at P34 (see 2.4.3) by S4 ((S3S"Z +
Slj SZ) MII which is the term appearing in G13. Note that this term is

independent of Zn and therefore need not be qualified by G Xen Four or
fjve outputs are not apt to occur unless the problem scaling is greatly

in error.

2.7.2 Proscribed Code

There are sixteen possible combinations of four binary digits. Temn of

these are employed to represent the ten decimal digits, the remaining
six being: 0000

0001
0010
1101
1110
1111

Of these, none can appear in the arithmetic channels except 0000, Gi7
detects the presence of any of the remaining five and stops computation
by turning on Rc which in turn causes Ro of G18 to become high as in the
case of a multiple output error. Although all six of these codes may
occur, the last three can never be observed in a static condition in the
arithmetic channels. When +3 is added to each of these last three codes
in the first adder, during the next iteration cycle after the code occurs,
a carry results; a;nd, hence, the second adder will also add 3 instead of

. subtracting 3, changing these codes into 0011, 0100, and 0101 respectively.
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ADDRESS UNIT

The incremental inputs to each integrator are developed by the address
unit shown in figure IV. The dy counter, Gll, receives inputs from

the coincidence detector G15. At P34 the completed count is transformed
as a function of the mode, detected by G12, and transferred to the dyd
register by G6. A counting process then transforms the number in the
dy counter into the excess-three code during P3g and P;. At the end of
Pl this number is read into f;he dy register by G5. Dj and dx are picked
up by the dI and dx counters (G13 and Gl14) and, at P, transferred to the
dI and dx registers (G7 and G8). Dy’ Dyd and DI are then sequenced by
Gl so as to appear in the addend register of the 1st Adder at the correct

times. Finally, G16, G17 and G18 serve to clear the address channels.

In figure II, four address channels (Y,, Y, X and I} and four dZ output
channels (2}, Zig; ZII and ZIIS) are indicated. The section of these
channels shown in integrator 59 constitute the input information for the
next integrator, in this case, integrator 00. The pair of read flip flops,
Z_and Z

I 1S’
55 at pulse times 6, 7, 8, 9, ..., 31, 32 and 33 of integrator 59. Deri-

hold the outputs of integrators 1, 3, 5, 7, ..., 51, 53 and

ved from ZI and ZIS’ Zb and st, and the output of the present integrator
(see Output Unit), a pair of flip flops Z; and Z;q hold thLe outputs of in-
tegrators 1, 3, 5, 7.... 55, 57 and 59 at pulse times 7, 8, 9, 10....34,
35 and 36 of integrator 59. Z; and Z,g also hold four function inputs,

Bl’
dependent variable () at pulse time 6. Address code pulses in the Y,

channel in the interval of pulse times 2 through 36 serve to detect the

BZ’ B3 and B4, at pulse times 2, 3, 4 and 5 and the machine in-

outputs held in Z; and Z;g at the times that the code pulses are in the
Y
. flops, Z and Z,g,which are examined by code pulses in Y,.

flip flop. A similar arrangement (using Z;j and Zjg) gives two flip

For the X address channel a code pulse in pulse time 1 indicates that
the dX input will be obtained from Z2 and Z,g and no code pulse in
pulse time 1 indicates that the dX input will be obtained from Z, and Z,g-
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A code puise in the interval of pulse times 2 through 36 indicates when
the appropriate source is to be examined. The I address channel oper-~
ates in a similar manner to obtain an input to an initial condition regis-

ter.

3.1 Coincidence Detector (Gl5)

Coincidence between Y1 and Z ZIS’ indicates a +1 input, while coin-

1S
It may happen, however, that both Y, and Y, contain '"ones' in the same

cidence between Y1 and Z1 Z . ! indicates a -1 input. Similarly for Y,-

pulse time. In this case a +2 or -2 may be the correct input to the dy

counter and the correlative +1's or -1's must be suppressed. There-

fore, each Y. Z, Z, term is qualified by (Y, Z,}' = Y. + Z', where
11 1s J J J J

j = 2if i = land j = 1 if i = 2.

The P2/36 term insures that the digit in P of Y {(namely, D) is not
read as an address because at that time ZZ and ZZS are not necessarily
low as can be seen from figure II (the information held in Z;y at Pyg
will appear in Z, at P37). The Py terms inAand re for adder
operation, the coding for an adder being a one in both Y, and Y, at Py
If an integrator is being used as an adder, its own output must be
negated and added to itself as a dy. An integrafors own output is in

ZI and ZI g at Py of the previous integrator, (figure I1I). The remain-
ing terms in G15 will be considered in connection with the dy Counter

in sections 3.2 and 3. 3.

3.2 Dy Counter (G11)

For simplicity in operation, the dy counter employs the excess-six

binary «coded decimal system. The coding scheme is as follows:
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Ng Ny N3 Nz Nj

0 1 1 1 1 (+9)
0 1 1 1 0 (48}
0 1 1 0 1 (+7)
0 1 1 0 0 (+6)
0 1 0 1 1 (+5)
0 1 0 1 0 (+4)
0 1 0 0 1 (+3)
0 1 0 Q0 (+2)
0 0 1 1 1 (+1)
0 0 1 1 0 (+0)
1 1 0 0o 1 (-1)
1 1 0 0 0 (-2}
1 0 1 1 1 (-3)
1 0 1 1 0 (-4)
1 0 1 0 1 (-5)
1 0 1 0 0 (-6)
1 0 0 1 1 (-7)
1 0 0 1 0 (-8)
1 0 0 0 1 (-9)
1 0 0 0 0 (-10)

L¢ and L provide for discontinuities in crosgsing between (-1) and (b),
Normally a carry from the first place may cause carries in subsequent
places so that and&must appear as terms in all subsequent stages.
The necessity for this may be eliminated, however, by noting that a
carry out of the first place occurs when

£l is high and N, is high

A is high and N, is low.

In these casses N, is changed by@or but the carry term is handled
by A2\or, . This is accomplished by the Nj terms in éand of
Gl

At the end of P, the counter is reset to +0 (00114) by making N'| and N,
high as well as L which in turn causes N3 N'4 and N'g to become high.
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I aﬁis now received, will immediately become high due to the

term; Ahigh will immediately cause Ly = N'g Ny P2/36

Nl

1
to become high. At the following clock pulse N; becomes high due to
N A » N'; becomes high due to N, » and N'3, Ny and Ng become
high due to L. Thus the has caused the +0 to transform to -1

(11001). Any other input or combination of inputs can be similarly check-
ed to demonstrate that G11 adds or subtracts in accordance with the above

table.

3.3 Dy and DyﬁRegisters

At P34,' Ds is turned off making D+ (in G9) true in P35. This sets the
D4, D,, D,, D, and Dl/z\ﬂip flops to 00110 and the Hy, H;. Hj, H,
flip flops to 0011 at the end of P35. By P35 the dy count has been com-
pleted and is held, in the excess-six code, in N, - N} with Ny holding
the sign. If the integrator is employing the interpolative mode, the
extrapolativer mode with dX = 0 (E'g high), or the multiplicative mode
with dX # 0 (E high), Yl/Z (in G12) is high at P37. Figure II shows that
the different integration modes are coded for in P37 of Y and Y. Since
a right shift of one place in a binary register effectively divides the
number held by 2, dyc‘1 = 1/2dy is obtained by a simple shift to the right
in D, - D;/2- This shift is brought about by the first term of each
flip flop input developed in G6; i.e. N', controls odj, N'3 ody. Ny -
controls d3, etc. The number held in the register after P37 is

1/2(N +6) = 1/2 N+ 3, thatis, 1/2 the dy count in the excess-three code.
If the integrator is employing the extrapolative mode with dX #0, Y:,’/'2 :
(in G12) is high at P37 and a transformation matrix, Gl0, is used in ©

conjunction with the Y3/, terms of G6 to transform the number held in: °

the N flip flops in the excess- six code to’ three halves of that number;in
the excess-three code Thagvi;:;‘i'ter P37 “the D fhp fhps ‘hold in fhe
excess-three code dy& = 3/2 dy. Also at the end of P34 the sign of dy

is transferred directly from N to Dg

The table below indicates what the N and D flip flops will hold for all
possible values of dy and for Y/, or Y3/, being true.
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x/z ){S/z
—
VzJ)/ 3 a’yi 3’2a/y 3
Oy 00,5 0y Ns N N3 N, Ny Ly D3 Dy by Dy,
01 1 1 1 (+44),0 1 1 1 1 (+9)
0 1 1 1 0 (+4) 0 1 1 1 0 (+8)
0 1 1 0 1 (#34)/0 1 1 0 1 (47) ,
0 1 1 0 0 (+3) 0 1 1 0 0 (+6) |1 1 0 0 0 (+9)
01 0 1 1 (+24);0 1 0 1 1 (+5 ;1 0 (+7 %)
01 0 1 0 (+2) 0 1 0 1 0 (+4) /1 0 0 1 0 (+6)
01 0 0 1 (+1%)[0 1 0 0 1 (+3) ;0 1 1 1 1 (+4 5 )
01 0 0 0 (+1) 0 1 0 0 0 (+2) {0 1 1 0 0 (+3)
© 0 1 1 1 (+4) |0 0 1 1 1 (+#) ;0 1 0 0 1 (+1%)
0 0 1 1 0 (+0) 0 0 1 1 0 (+0) |0 0 1 1 0 (+0)
1 100 1 (-%4) |1 1 0 0 1 (1) {1 0 1 1 1 (-1%}
1 1 0 0 0 (-1) 1 1 0 0 0 (-2) /1 0 1 0 0 (-3)
1 0 1 1 1 (-1%)|1 0o 1 1 1 (-3 1 0 0 0 1 (-4 4
1 0 1 1 0 (-2) 1 0 1 1 0 (-4 0 1 1 1 0 (-6)
1 0 1 0 1 (-24)|1°0 1 0 1 (-5) 1 0 1 1 (-7%)
1 0 1 0 0 (-3) 1 01 0 0 (-6) 0 1 0 0 0 (-9
1 0 0 1 1 (-3f)|1 0 0 1 1 (-7)
1 0 0 1 0 (-4) 1 0 0 1 0 (-8)
1 0 0 0 1 (-4%)|1 0 0 0 1 (-9 |
1 0 0 0 0 (-5) 1 0 0 0 0 (-10)] }
- ] J

At the end of P37, the dy counter starts to count up three if the number
is negative and down three if the number is positive. This is accom-~
plished by the P, and P38 terms in G15 and effectively transforms the
number being held inthe counter from the excess-six to the excess-three
code. The L‘6 and L7 terms are made ineffective during this period by

the P e term, insuring that the above counting process will be binary.

2/3
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YN of G3 will be high during P1 if the D4 - Dl/Z flip flops are still iv the
00110 configuration. This will result if dy = 0, or if neither Yl/a nor

Y3/2 was high at P, {this last case corresponds to rectangular mode
integration or multiplicative mode integration when dX = 0). If Yo ig
high G6 sets the D, - D;
number that is now held in the N - N, flip flops. Also at the end of Pis

flip flops, at the end of Pl” from the corrected

G5 sets this corrected number into the H flip flops and Gll resets the

N flip flops to zero in the excess-six code.

At PZ’ then D holds Dyd and H helds Dy, and as will be shown below
I and Ie hold DI'
the correct addend for the first adder of the Arithmetic Unit during
01, 02 and 03. First Dl/Z
place of Y5 This is accomplished by the R’e Dl/z terms ¢ Gl. Since
either 0 = 0011 or 5 = 1000 is to be added to this digit of Y, ne

Dl/Z term is required for J3 as it is to remain 0 in either case.

These are gathered in Gl and timed sc as to provide

must be added to the digit ir. the »ound off

Since the addition is qualified by the-activate signal, Re;, {see G9 of
the Arithmetic Unit) no addition will actually take place untii this
signal becomes true even though the J 's will be holding the addend tor
this addition at every 0 4 time up until the addition of this digit has been
made. After the addition involving D1 /2 has been made, the rest of
Dyd is added to YD
the (04 PZ/36Re> terms of Gl. At the next pulse time, OZg the addition
of Dy to Y is started by the (01 Rf) terms of Gl. Similarly DI is added
to Y, by the (0 2 Rf) terms of Gl. The information flowing through the J
buffers of Gl must be one pulse time early with respect to figure [l
because of the one pulse delay that will be introduced by the L flip flops
in the Arithmetic Unit. After Dy and Dy d have been added into Y and YD
respectively, 0, R, (see G9) will reset the H, - H, and the D, - Dl/z

starting at the next 01 time: this is accomplished by

registers. If the Dy was positive D‘s will be high, and consequently

D+ will set the two registers to zero in the excess-three code (I-I4 - Hy
set to 0011 and D, - Dl/Z set to 00110); the registers will now hold this
zero until the succeeding integrator isto be considered. If the Dywasrnega-

tive, the counter formed the complement of Dy and the registers hold
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the complements of Dy, 1/2 Dy or 3/2 Dy as the case may be. D will
be high at the end of P, and D_ will be high for all Ozﬁs after R, comes
on. Consequently after the first addition of Dy and Dyd into Y and YD
has been completed, D_resets H4 - Hy and D, - D, to 1100 (G5 and
G6); this effectively changes all of the zeros to the left of the first digit
of Dy and Dyd to nines completing the complementation process. These
nines are then in turn added to the corresponding digits of Y and Y in
the Arithmetic Unit. The H and D registers will be reset from nines

to zeros by D, coming high at P, time, and the dy circuits are ready

for the next integrator inputs.

G2 and G4 are simply auxiliary gates used to develop the timing signals

of Gl.

3.4 DI Counter and Register (G13 and G7)
The DI counter consists of two flip flops, V and VS, Ve holds the mag-

nitude of DI, either 1 or 0, while Vs serves the dual purpose of first
designating which Z flip flops are tobe examined for the DI input and se-
condly of reading and holding the sign of DI after the Z flip flops have
been examined. Ve is always set off at the end of Pl while Vs is turned
on if a one occurs in P, of I (position marked S; in figure II) indicating
that Z2 and ZZs are to be examined or VS is turned off if a zero occurs
in this place indicating that Z; and Z,  are to be examined. If in the
period P6/36 there is a coincidence between a one in the I channel and
Z1 if V'S is high or Z2 if A\ is high, Ve is turned on indicating a change of
one increment in YI‘ A pulse in le or ZZé indicates that the corres-
ponding digit in Z; ot Z, is positive while the absence of a pulse in Z,
or ZZs indicates that the corresponding digit in Zl or Zb2 is negative.
At the same time Z, or z, is being examined, Vs is reset with the sign

of DI in the following manner:

1. If V_ was on Z,, is examined.
a. If there is a coincidence between I and 2289 VS
stays on indicating a (+) DI.
b. If there is a coincidence between I and Zzls” Vs

is turned off indicating a (-) DI.
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2. If VS was off (V‘s high) le is examined.
a. If there is a coincidence between I and Zl o Vq is
turned on indicating a (+) DI
b. If there is a coincidence between I and Zis’ VS

remains off indicating a (~) DI

At the end of Pas the DI register, Is I, is setto 00 and at P, of the

next integrator the number being held in VSVe is read into this register

by G7. The first time 0 Rf occurs, Gl will present DI, that is J4 - Jj
will be

2 4
0011 if DI 0
0100 if DI = +1
1100 if DI = -1
At the end of this OZRf time, if DI = +1, Ie is turned off so that zeros
will be added to the successive places of I. In the other two cases no

1]

change is necessary as zeros will continue to be added in the case of
DI = 0 and nines will be continued to be added for the complement of
DI in the case of DI = -1.

The following table shows the flow of information from Gl through the

J buffers during various 0 and P times:

o) P J4J3J2J1 Re Rf
1 1 Dydl/Z-OorS 0 0
1 2 0 01 1 0 0
2 3 0 011 0 0
3 4 0 0 I 1 0 0
4 5 Dyd1/2=0 or 5 0 0
1 6 00 1 1 1 0
2 7 0 01 1 1 0
3 8 0 011 1 0
4 9 Dyd 1 0
1 10 Dy 1 1
2 11 DI=0, 1, or 9 1 1
3 12 0 0 1 1 1 1
4 13 Sign of Dyd 0 or 9 1 1
1 14 and Dy Oeor 9 1 1
2 15 Sign of DI =0 or 9 1 1
3 16 0 0 1 1 1 1
4 17 Sign of Dy‘d 0or 9 1 1
1 18 and Dy 0or9 1 1
2 19 Sign of DI =0 or 9 1 1 ete
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3.5 DX Counter and Register (G14 and G8)

The DX counter consists of two flip flops E_, and E . Eg. holds the mag
nitude of DX either 1 or 0, while Eg serves the multiple purpose of
first designating which Z flip flops are to be examined for the DX input,
secondly of reading and holding the sign of DX from the Z line, and lastly
of picking up any sign reversal pulse that may occur at P35 (this sign
reversal pulse, which is designated by Ry in figure II, simply reverses
the state of ES). E, is always set on at the end of P so that time will
be the DX input if there is no other DX input coded for. Eg is high for
a DX input of + 1 and low for a zero DX inpﬁt. A pulse in the P position
of X (designated by S, in figure II) will turn E  off indicating that the DX
input will come from Z, and Z, while the absence of a pulse indicates
that Z, and Z; will supply the DX input and E is turned on. The Z
lines are now scanned by Gl4 andif the DX input i zero 5€¢ turns E¢
off. At the same time Z; or Z,is being examined for the magnitude of
DX, E_ is reset with the sign of DX in the following manner:
1. If Eg was onile is examined.
a. If there is a coincidence between X and Z;4., Eg stays on
indicating a (+) DX.
b. If there is a coincidence between X and Z‘ls, Eg is turned
" off indicating a (-) DX.
2. If Eg was offg(E'g high) Z, is examined.
a. If there is a coincidence between X and ZZs’ Eg is turned
on indicating a (+) DX.
b. If there is a coincidence between X and Z'55, Eg remains
off indicating a (-) DX.
At P37, X is examined and if there is a sign reversal pulsesjthe P37 Ey X
or the P35 E X term of G14 will reverse the state of the Eg flip flop.

If no DX information is coded P; X'turns Eg on which in conjunction with

E, being on as previously pointed out,provides a DX of +1 (+ time).

The DX register X, and X (Arithmetic Unit) is always reset to 00 at P37
so that it will be ready to read the inputs from G8 at P;. The dX,
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input at P, is E. and the dXg input is E;. The remaining terms of G8

will be explained later as they are concerned with fill and Z line operations.

3.6 Clear Terms (Gl6, G17, and G18)

CAI; (see G9 of Fill Unit) is a signal which is low during all integrators
if the Clear Complete button is pressed or is low only during I;_j if

the Clear Address button is pressed. This is used to qualify the four

address line read signals so as to provide for erasing addresses.

3.7 Coupler Signals (G19)

Co and Cy are signals used when two D-12 computers are coupled toge-

ther and are discussed in the section on the D-12 coupler.
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OUTPUT UNIT

4.1 Introduction

The purpose of the Quitput Unit {figure V) is to store the latest outputs of
each of the 60 integrators and present these outputs sequentially to the
Address Unit for use as inputs to each integrator in such a manner that
the output of any integrator is available as an inputto any other integrator.
The outputs are stored in fwo memory channels, Z and Z_. Each of
these charnels has two read heads, Z and Z""I; for the Z channel and

sz and Z‘”‘S for the ZS channel, Flgu*’e 1T indicates the sequence in
which the outputs should be presented to the Address Unit dumng 159 ZEI,

and Z (G3) should present the output of 1 gq at PS@’ S? at P355 etc. ZZ—

1S

. ) v - e .

and ZZS (Gl and G%) should present the output of ‘ES at Pg)ég ]'56 at P35,
etc.

4.2 Z, Z;g Sigra. Genevation {G3)

Since the cperation of the Z channel is exactly - duplicated by the Z channel

(the Z channel processing the integrator outpuls and the Zs &,,hdxmel pro-

cessing the sign of these outputs) only the Z channel will be considered in

detail here.

The P
35

records the output of the present integrator, L., at P.g of L The Z\er

X, dZ term of G3 delayed one pulse time by the Z, flip flop

read head is so placed that this output is read and held by the Z]. read
ip flon at £ro #

flip flop at ,P;H of I .4 Pé’.}b Z of G3 now picks up his output pulse

and recirculates it by again pnacm.g it in the Z, flip flop, this time at

P%, In other words the output of I., which was first recorded on the Z
pw 4

ine atf f “L i ain recorded on the Z line at

line ai P36 of I., is again recorded on he Z line a P34 of 1. 5 +4° at P32
- + " re 1N = e .

of Tiige @ P 30 of b1 20 at P 36-2n of Ij+4‘ wheren =0, 1, 2, ....14

That is, the same output of I is recorded on the Z, line 15 times during

one iteratior cycie, each time appearing two pulse times earlier modulo

28 with respect to the preceding time of recording. Zy reads this output

for the 15*h time at P5 of ]'i 160 I,ig and, hence, the P()/?}é} ZI termof G3
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does not recirculate this output again. However, the computer is now
operating upon Ii for the next iteration cycle, and at P36 the new output
of I, will be recorded. The Z, channel is then in effect a recirculating

delay line whose total delay is 4 x 38 - 2 = 150 pulse times.

It can be seen then that if P35 Xe dZ and P6/36 ZI were the only terms
controlling Zl’ that during Ii the new output of JIi would be recorded at

~ - : put of
P36 while the output of Ii-=4 would be re-recorded at P34,, the output of

I.
i-8
recorded at Pg. All other pulse positions of the Z, line would be void

re-recorded at P32, and so on with the output of li556 being re-

of information, and the outputs of only 15 integrators would be available

for use as inputis to any other integrator.

In order to make more efficient use of the Z line and to make more in-
tegrator outputs available as inputs to any other integrator, Za, and Zb
flip flops (G2) are added along with a Py, Z, term in G3. At the end

of P36 of Ii’ Za picks up the output of Ii from Zl and holds this output
until the end of P36 of Ii+1 at which time the contents of Za. is transferred
to Zb

0 at P35. ZC, whose function will be explained later in connection with

and Za picks up the output of Ii+1 from Zlo Zb is always reset 1o

ZZ’ receives the content of Zb at the end of P35 and holds this information
until it is reset to 0 by the next P34 pulse. The Za,’ Zbg and Zc flip
flops, therefore, serve as a stepping chain to hold the outputs of the

last three integrators. Consequently, Zb holds the output of Ii at P34

‘of Ii+2' P34 Zb of G3 picks up this output for recording by Zl at P35

of Ii+2' P6/36 ZI will now recirculate this output in the same manner
that the original Ii output was recirculated, re-recording it every four
integrator times two pulse times earlier modulo 38 with respect to the
preceding time of recording. The recirculation of this output of L that
originally passed through Za and Zb will cease after the 15th cycle. The
14th recording will be made at P9 of Ii+54 and this recording will be
read by Z; at P, of L.5g} hence, the 15th recording is at P, of Eisg

and will be read at P4 of Ii+62 = Ii+2 which occurs too early in time to

be recirculated by the P6/36 Z. term of G3. However, a new oufput of
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I;sdelayed again by Z_ and Z,,1s now ready to be recorded at P3g of I, 5.

It is seen that the P34 Zy and Py 3¢ Zj terms of G3 will re-record dur-
ing I; the output of I; _, at P35, the output of I; ¢ at P33, the output of
L _ 102t P31, and so on with the output of I; _gg being re-recorded at P7.
Furthermore, considering all of the information that can now be put in
the Z line, it is seen that during Ii,Z1 holds the present output of I; at
P36’ the output of I, _, at P35, the output of I,_4 at P34, the output of
1 6 at P ....... the output of I, _5¢ at Pg, and the output of I, 5g at
Py. The outputs of one half of the computers total number of integrators
are now available as inputs to any other integrator; and since the ade
dresses for Ii input are coded in I, ;, it can be seen that using only the
circuitry discussed already that only the outputs from even numbered
integrators are available as inputs to odd numbered integrators and

vice versa. A second Z read head, Z__, and associated circuitry is

11
provided in order to allow the outputs from the remaining 30 integrators,
and, hence, from all 60 of the computer integrators to be available for
inputs to any integrator. Operation of Z; and Zpg will be explained in

section 4. 3.

‘The Py term in G3 is the machine independent variablie set by a
gwitch on the control panel. If the Time Switch is set to {(+) a pulseis
recorded by Z, and also by Z, at Py in every integrator (signifying +
time). If the Time Switch is set to (-) a pulse is recorded by Z,; in every
integrator at Py but no pulse is recorded by Z| g (signifying - time). If .
the Time Switch is set to its middle position no pulses are recorded.
Since these pulses recorded at Py will be read at P3, they will not be
recirculated, but new pulses will be recorded at every Py as long as the
Tirme Switch is set to (+) or (-).

The P35 F term is used to fill integrator outputs during gross fill and

is explamed in section 7.§.

The P1/4 Zb term is used for entering incremental inputs (By, B3, B,

and B ) These inputs are recorded on the Z line but are not recircu-
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latest output of L will be held by Za. and the latest output of L 5 by Z_
{section 4. 2), hence, the P35 Za and P34 Zc terms of Gl. At P33 time
of Ii—l’ ZI reads the latest output of Ii-5 and at this time Gb6 sets this

output into Ze where it is held for one integrator time. Gl picks up the

contents of Ze at Py, of L. Hence, during Ii’ Z2 will hold the following

outputs: 11_59 at P7, Ii-57 at P8’ 11“55 at P9 ........... Ii,_:? at P33,, I’iaS
at P34, Ii-3 at P35 and Ii-l at P36' Therefore, outputs from all of the

integrators of the computer appear at either Zl or ZZ during any integrator

time.

Incremental inputs Bl’ BZ’ B, and B4 that, if present, were recorded by

3
Z; at Py P3, Pys and P5 respectively of L 7 will be read by ZM at
Psge P37 and P38 of Ii—l and P1 of Ii respectively. All of these terms

except By will be blocked by the P6/36 ZII term of Gl. B1 will be read
by Gl at P5¢ and transferred to Z, where it will be heid during P ;.
The Address Unit, however, only reads Z, during P2/36; hence, B;
appearing in Z2 at P:,’7 causes no difficulty.

The P1/4 Z‘1 term of Gl is used for entering incremental inputs (A, Ags
A2

and Al) into the computer. Four inputs can be made via Gl and an
additional four via G3 (section 4. 2).

The machine independent variable is also set into Z2 at P6 by the P5 @
term of Gl; however, it is of opposite sign than the time term of G3 as
is shown by the P5®term of G5. ‘

Figure VIa shows a section of the Z line at P33time of IZO’ and Figure
VIb shows relationships between different Output Unit flip flops during

113 to 120.

G8 and G9 are coincidence gates used to enter address pulses during

automatic fill and will be discussed in section 6.4.
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4.4 Idling and Clearing of Z Lines

A means must be included to prevent the Z lines from losing all infor-
mation during idling, as during this time no new outputs will be recorded
while the precessing in the lines continues, causing all information to be
"lost within one iteration cycle after idling starts. It is only necessary
to make provisions for the same output of I to be re-recorded for the
sixteenth time with the sixteenth recording taking the place of what
would have been the new output af Ii if computation had continued (see
section 4.2). Z.and Z.. read the output of Ii for the fifteenth time at

1 1S
P, of I'+60 =L, and, hence, the P6/36 terms of G3 will no longer recir-

ctflate ;his output. However, since G' will be true during idle, the P5
terms of G8 of the Address Unit will read this output and place it in the
Xe and Xs flip flops of the Arithmetic Unit to be entered into G3 of the
Output Unit at the following P35 time as the new output of Ii (dZ will be
high during idle, see Gl12 of Arithmetic Unit). In this way all outputs

will recirculate during idle and none will be lost.

The C'Z terms of G8 of the Address Unit are also used for clearing.
To clear C'Z is made false during idle, preventing these terms from
reading ZI and ZIS; and, hence, blocking Xe and Xs from permitting
recirculation as discussed above. All Z information will now precess
right off the lines. C'Z is developed in G9 of the Fill Unit and may be
made false for all integrators or for only selected integrators as

explained in Section 6. 8.
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CONTROL UNIT

5.1 Introduction

The control unit shown in figure VII contains two counters (G17 and G5)
which specify the integrator and pulse times. The former, called the
Integrator Counter, has 60 states while the latter, called the Pulse Time
Counter, has 38. Specific integrator and pulse times are developed
using combinations of the counter outputs in G16. G2 and G6 serve to
identify a selected integrator and its immediate predecessor, Ii and

I.

i-1
the computer during automatic fill through Gl and G3; this operation will

respectively. The two counters also serve to time information into
e discussed in connection with the Fill Unit.

In addition, the Control Unit provides, in Gl11, 12, and 14, for the re-
setting of initial conditions, while G13 develops the output multiplier
indicators. G7, G8, G9, and G10 serve to provide the trigger, blankmg
and four level sweep signals for the scope display. Fi” a signal used

in conjunction with manual fill, is also developed in G7 and will be
discussed in the section on the Fill Unit. Finally, G18 develops timing
signals used in the operation of additional Graph Plotters or a D-12

Coupler and is optional equipment on all computers.

5.2 Integrator Counter G17

The integrator counter has two modes of operation depending upon the
position of the Thirty-Sixty switch. When in the Sixty position

is high, but when in the Thirty position is high changing the logic

for the most significant digit. Both counting processes are shown below,
K is not required for counting integrators, but is used to indicate odd

and even cycles of computation during 30 integrator operation.
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Most Significant Digit

© ®

K7 K6 K5 Value K6 K5 Value
0 1 1 00 1 1 00
1. 0 © 10 0 0 10
1 0 1 20 0 1 20
1 1 0 30
1 1 1 40
0 0 0 50

Least Significant Digit

L N ™ B~ = R = B =)
O O O O ke = e O
O - o OO - e DO
O = O +H O - O = O =
O 00 N 0N U AW N = O

It is seen that the first four flip flop stages comprise a counter that
counts from 0 to 9 in the excess three system, while if is high the
last three stages comprise a counter that counts from 0 to 5 also in

the excess three system. The least significant digit stages count P3g
pulses derived from the Pulse Time Counter by G16, while the most
significant digit stages count K3g pulses (selected P3g pulses -~ see Gl17]
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which occur once every cycle of the four L.S.D. stages and at the end.

of that C}rclﬂe.KS8 also serves to reset the four L.S.D. stages from 9 back
to 0,causing these stages to become a decade counter. Hence, the seven
stages will count from 00 to 59 and then recycle. When @ is high,Kg
and Kg count from 0 to 2 while Kj, K, K3, and K4 count in the same
manner as before. K, changes its state once for every complete cycle

of Ky and K¢, being high on the first cycle of computation and every

other cycle thereafter.

5.3 Pulse Time Counter G5

The 38 pulse times are indicated by the following configurations of the

Q flip flops which the logic in G5 produces.



0 Time

Pulse Time

Q- Q¢ Q5 Q4 Q3 Q, Q)

l.L.&3412341234123412341234123412341&3411123

A NNHFOON~NOOO
—

0001100110011001100110011001100110011000O.I.
SOt OO0 —~HOO0ArOO OO Arm OO A rd QOO A A OO A OO A rmi QOO O it —
COO0O 11 OO0 At A0 O OO rrd A rd OO OO A A A OO OO A A A OO O
000001111111100000000111111110000000000000
COO0OOCOOO mmrrrmrme e e e e e e OO OO0 O0COCOODO0OO0O0O0OOO
00000000000000000]111111111111111111100000

HFO OO0 0 0 0000000000000 OO0 A rmmm OO0

The

26 = 64 > 38.

table gives 38 successively different configurations of Q7 ~ Q> with

Six flip flops suffice for the counter itself. since

the 39th configuration being identical with the first; hence, Q7 - QZ
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constitute an automatic recycling 38 pulse counter. This counting process
is such that any two consecutive configurations differ at most in one place.
As will be seen, electronic development of individual pulse times is some-~
what simplified with this type of pulse counter. Qj flip flop follows its
driver, Qplagging by one pulse time and is provided so that the 0 times

can be easily distinguished.

5.4 Timing Pulses Gl6

The pulse times developed in this unit are specific configurations of the
outputs of the pulse time counter. Pj, P2, P5, Py, P31, P33. P3gs Pigs
P27, P38’ P1/4, P2/36’ P3/38 and P6/36 are either developed directly
and supplied with a buffer output or have their inverse developed and
supplied with an inverter output in Glé6. P3y is generated by a flip flop
being turned on with P33 and turned off by its own true output. In addi-
tion to depending upon the pulse time counter, Py, Py and P6/36 also
depend upon the thirty-sixty switch.

When in thirty integrator operation,
Pg becomes Pjg
P¢ becomes Pp)
P6/36 becomes P21/36°

These changes during 30 integrator operation effect automatic filling of
addresses and recirculation of information on the Z lines. See Fig. 47
of the Operation Manual and the section on automatic filling in this

Maintenance Manual.

The four 0 signals, 0y, 0p, 03, and 0y, which indicate the times at which
YD‘ Y, Yi and R respectively are presented to the arithmetic unit for
computation,are also developed in Gl6. For electronic reasons diode
gates develop. the inverse of these signals and the 0 signals themselves

are then obtained by the use of inverters.

E. is a signal derived in this unit to indicate the end of each iteration

cycle in sixty integrator operation or the end of each even numbered



iteration cycle in thirty integrator operation. In either case Ec is a P38 pulse

appearing once every 60 integrator times.

Two specific integré,tor times, 159 and .IOZ’ are also deveioped in Glb., These
times are specific configurations of the outputs of the integrator counter modi-
fied by which causes these signals to be independent of the state of K7 in
thirty integrator operation. In other words,during thirty integrator operation
159 can be considered as being I29 while 102 remains IOZ* but both signals will
now appear twice every 60 integrator times.

P 1 and P are timing signals used to select the integrator cutputs that are to

L L2
be sent to the graph plotters. The optional unit, Gl8, develeps focur more

integrator times, IZO’ 122, I‘24 and 126’ and four associated signals, PAI” PAZ”
P 3’ and P

A A4,
Analyzer Coupler is to be employed.

that are used if additional graph plotters or a Differential

Xy is a signal developed to qualify the loading of the T channel during readout.
it is always high during 60 integrator operation but only high for even iteratior
cycles during 30 integrator operations. This signal will be discussed in more

detail in the Fill and Readout sections.

5.5 I. and 1,
i-1 i

is a gate which compares the fourteen outputs of the seven K flip fiops with

G
fo%n‘teen signals from the seven J relays. The Y relays are dual coil relays
located in the desk assembly and controlled through one set of coils during
manual operations by the integrator selector switch on the console and through
the second set of coils during autamatic filling by the contacts of the tape reader.
When all fourteen comparisons are false, Ii _‘_1 is low, hence Ii.ml is high and will
remain high for one complete integrator time. At P38 L 1° '}[i (G6) is turned

3
on and remains on for one integrator time.

The integrator counter effectively operates one step ahead of the arithmetic

circuit, but in phase with the address circuits. While the integrator counter
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reads 03, for example, the addresses for integrator 03 wiil be operated
upon by the computer along with the arithmetic part of the preceding inte-
grator, in this case integrator 02.  Therefore, the l,, term in G16 is deve-

loped from the 03 configuration of the integrator counter.

5.6 Oscilloscope Display
Two flip flops, S and Sﬁ , (G10) change state orice each revolution at

the end of Ii and are cyclical every four iterations. A bridge electrically
sums the outputs of these flip flops so as to provide a single signal which
varies with the changing states of S and S B - This signal, Sv’ provides

the vertical deflection voltage for the oscilloscope.

The following list gives the state of the flip flops associated with the four

sweeps, the bottom state with the bottom sweep, etc.

SB S«
SB Sec
% o<
8[3‘ Soc

G8 provides the oscilloscope sweep trigger, ST" ST is high during Ii?’ i

the display switch is at any of the arithmetic positions I, ¥, D, or R. whereas
it is high during Ii—l’ if the display switch is at any of the address positions,
D1, AX, Al, or AN2. S,'r is sent to the oscilloscope since an amplifier

within the oscilloscope serves as an inverter.

Each of the four states of S and S‘3 is associated in G9 with one of the

arithmetic channels, if the display selector is at an arithmetic position, or

with one of the Address lines (or the four signal probe), if the display selector

is at an address position. In addition the T channel, which holds the marker, is
seen on all four lines if addresses are being filled (this is accomplished bythe@
ter,'m of G9). This signal, SD, is then gated with ST in G7 so as to provide

high signals during the desired integrator only. It is further qualified in

such a manner that the final result, S5, can be high only during one of the 0



times if the arithmetic channels are being observed. The particular 0 time

and, hence, the particular information displayed, Yi’ Y, YD’ or R, is deter-
mined by the position of the display selector. If any one of the address channels
is selected, all four of the address channels are displayed for the particular
integrator selected. F.. also of G7, is used in conjunction with manual filling
and will be discussed with the Fill Unit.

5.7 Multipliers

The multiplier digits are held in P.g of Y1 and Y,. as may be seen from Figure
II. Being in the address channels, they refer to the following integrator and
must be held in flip flops during the computation period of that integrator. Gi3
provides for this storage and also for decoding. M1 and M2 hold the multiplier
digits while M, M, and M,;; read the information held. M, = M; M2 signifies
a multiplier of 2, M= Mi‘ M, signifies a multiplier of 5, and M= M M,

signifies that the integrator is coded for typeout control.

If MI’ MII and MIII are all false, indicating that there was neither a pulse in
position P38 of Y1 nor position P38 of YZ’ the multiplier to be used for the

following integrator is unity.

5.8 Initial Condition Reset
The reset operation is controlled by two flip flops, R and R (Gil}). The signal

1n1t1at1ng the operation may originate in one of three places The first, manual
reset, results when the Insert button is depressed, (making hlgh), the
second is automatxc when the integrand of integrator 159 exceeds one in absolute
value, and the th1rd R » 1s associated with the processing of reversible input
functions. Any of these signals turns R »on, which in turn sets R on at P38 of
159. After RY has been on for one 1terat10n cycle, Rz is turned off if the Reset
button has been released or, if the reset is automatic, when Rw is off. The
A

completed in case a reset signal occurred before the completion of a read-in

term of gry insures that reset will continue until automatic fill has been

operation. After one more cycle R_is turned off. Ry’ then, has been on for
at least two complete 1terat10n cycles wh1ch is the time required for Yﬁio step

through Y to YD
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Gl4 develops the actual timing signals for the reset, S for Y and ‘YDg and
R for R, while U indicates normal operation. YD and Y are reset as they

enter the W flip flops in the arithmetic unit, that is, at the end of 03 and 04

respectively. S, then, is high if Q, and R are high and either
(indicating a manual reset) or S is high (1nd1catmg automatic reset i
by the reset integrator). In addltlon, YD is reset to Y each time a non-zero

dX occurs during computation, by the 05 X_ Gtermof S_.

R must be reset during 02, but only if Rg is high. Rg is a signal ((Gl of the
arithmetic unit) indicating that some numerical information has been entered
into the Y digit immediately preceding the R digit being proc essed. Since
there is atwo pulse time dela,y between the gate forming R and the inpuls to
the W flip flops and conmdermg that during the automatic £111 operation only
the Y, digits are filled leaving all other pulse times void of numerical infor-
matxon, it can be seen that the Re signal could not be used in piace of Rgo
Rr is further qualified by ( SA)., The first term indicates manual
reset while the second term appliés to reset integrator operation during
automatic reset. R is set automatically only ifis high, which happens if
the Read-In switch is in the normal position. e. input functions are

employed, R is not reset.

If .13 high, each R digit must be set to 0011 except for the round-off digits
which are a function of the output multiplier. The following table indicates

the round-off digits; the pulse times referring to the timing of the information

into the W flip flops.

MZ Ml Mult. P35 P31 Value of R
0 0 1 1000 0011 . 50
0 1 2 0101 1000 .25
1 0 5 0100 0011 .10
1 1 Typeout 0011 0011 .00

The remaining R digits (entering the W flip flops at the end of pulse times 7,
11, 15, 19, 23 and 27) are set to 0011. GIl2 develops these reset values for

the R registers,

T of Gl, and FZ and LZ
are included in the discussion of the Fill Unit.

of G3 are associated with fill operations and
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FILL UNIT

6,1 Introduction

-The Fill Unit (figure VIII) provides facilities for entering information

into the computer either manually or from a punched tape. Provision is
included for reversible function tapes as well as for monotonic function
inputs and initial loading.

During manual fill the multi—purposeAT channel keeps track of the specific
digit that is in the process of being filled, A pulse or marker is set up

in this channel ahd then shifted to the pulse time that corresponds to the
position of the information that is to be filled, This marker pulse in the

T channel is then recorded on the specific channel or channels being filled,
and the process is then repeated until all of the desired information is
filled, The marker pulse is entered and shifted in the T channel by Gif
under the control of G12, GI13, and Glh. GlO and G15 provide the input

terms for the arithmetic channels, and G20 provides the input terms for the
address éhannels°

For automatic filling, information from a tgpe reader operating at approxi-
mately 6 steps or digits per second must be transferred to the computer which
is operating &t a speed of approximately 100 iterations or 228,000 digits per
second, A buffer system between the reader and the computer is therefore
provided in order to satisfactorily accomplish this transfer of information,
Besides utilizing various circuits in the computer itself this buffer system
consists of a commutator type timer, a stepping switch and auxiliary relays,
The timer first steps the tape reader and theﬁ notifies the computer that

" the next code or digit is available to be read, The stepping switch advances
from one position to the next as the readef advances from cne code to the

next., The various positions of the stepping switch are used to indicate to

o
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the computer the meaning of the corresponding code on the tape, Electronic
cireuits then read the stepping switch positions and the'cxl relays (relays
excited through the tape reader contacts) and record the informatlon in the
correct location on the magnetic drum, G7 controls the startlng and stoﬁﬁlng
of the antomatic fill process. G3 and G6 provide a special control function
over G7 during the filling of reversible input functions. Gl contrcls the
direction of the tape reading operation, while Gl detects the reversals in
this reading operation, G2 and GS control the entry of the reader contagt
information into GI5 to be used as the input to the arithmetic channels.,

GI8 and GI9 are used to translate the information from the tape that is to

be entered in the address chamnels, GB8 provides the necessary control over
initial condition reset after inputs are filled in the Y, registers. |
The clesr terms for the address and Z channels are developed by G9s the
srithmetic channels are cleared through Gl0, GI7 has several functions,

the normal one being to hold the indication of serve operaticn. The

second terms of G17 enable Sy to serve as an indicator showing which
integrators are to be reset during initial conditiox;reseto The third
function of G17 occurs during fill when it is used to effectively lengthen the
-T channel in order that the marker may be advanced to the left,

6.2 ManuaI.Fill .

The nuMber of the integrator to be filled is entered in the Integrator Sw1tchb
}NvaTh;§mswitthgpntrgls the )Y relays, Figure VIII C, which hold the integrator
number in the excess-three code. The output of the )*reIays determine Iial
which in turn determines Ij (See control unit).

The marker pulse is inserted at P3g by the @@ Sp @P36 term of G16

(during gross read-in and gross read-out the marker is inserted at PI by

the @) () Sp (® P, term). Sp insures that the marker is inserted at the
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correct integrator time, The marker is recirculated during fill by the

@ T (6 %G/ )tem, Note that the insertion of a marker will-

clear the T chahne]L of all other information as the recirculation

term is qualified by@, Depressing the clear button causing to

become low totally clears the T channel,

The markex_' is moyed to the right by being copied from Tal9 that is, one

pulée time earlys and it is moved to the left by being copied from SA

one pulse time late, This is accomplished by the G2 Gl [SA(® Mg’)+ Tal Ja]

term of Gl6 only during fill and during the time both G2 and G1 are high,

\@, , is pressed;

or if any of the decimal keys including the Null Bar, @ s 1s pressed when S,

Iy (developed in Glli) is true if the marker right button,

is true signifying that the DISPLAY switch is at an arithmetic position,

It is seen that the marker automatically advances to the right while arith-
metic information is being filled, but only advances when filling address
information if the marker right key is pressed, As will be seen later, the
marker advances four timing positions at a time when the arithmetic channels
are being filled, The marker is moved to the left manually by the @ switche
The Mg term is used during gross operations and is explained in the discussion
of gross read out and read in, The Tor Xéterm of G16 is used to Ioad the

T channel during read out (see Read Out Unit).h

The Gy flip flop (G13) is turned on at the end of an interation cycle (E; true)
whenever G, is low and M, (GI2) is high, Mx is set high:
1) during a gross operation (Mg true)
2) when the Marker Left Button, @, is pressed
3) if g (G1L) is high
L) during compute’(@ is high when the Fill-Idle-Run Switch is in the
Run position) provided typeouts that are too closely spaced do not

occurs; @ Tf/ is an interlock which causes computation to stop,
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permitting thé resd out operation to catch up,

With Gy on, G, is turned on at the end of the following iteration cycle,
When a digit isvbeing manually filled into the arithmetic channels, the
marker, which was inserted at an O3 time'(P36}, is moved to the right four
positions to the next O time. Since the marker pulse can only advance
one pulse time per iteration cycley Go Qnd_Gl must be kept high for,

} iteration cycles in ofder_for"the advance to the next 03 time, During
this fill qperation él is turned off by the2 Oh Xy To S{ term of

GI3. The O, rether than the Oy signal is used since the content of the T
flip flop is one pulse delayed from Gl6. It is seen that during the first

iteration cycle after G, becomes true, the marker pulse will be in Tgy
“‘&t an O, time andin T, at an 03 time, Since there is no coincidence
between T, and Oh the G flip flop will remain on and the marker will
agzzin step one pulse to the right during the next iteration cycle, During
the cycle where the marker taﬁés'its fourth step, there will be a coinci-~
dence between To and Oh causing G to go off preventing any further a&vancez
ment of the marker pulse. Four iterations are counted in a similiar marmer
if the marker is moved to the left (during the first iteration cycle after
‘G becomes true, the marker pulse is held in Sy at an Of time and in Tq
at an Oy time), During thirty integrator operation the T channel does not
change in lengthg and, consequently, 8 iteration cycles corresponding to four
complete drum cycles are reQuired’to correctly move the marker as discussed
above; Xy (see Control Unit) is, therefore, used to qualify this "off"
term of Gl? .
The remaining terms in the ,g; equatlon are associated with the following

computer operations: (;:)15 high when the Flll—Idlecﬁun switch is in the Idle

poeition and acts to turn Gy (and hence G, see section 6,3 and Gl1) off,



-58-

stopping computabion after one machine cycle., Ty (see Read Out Unit) turns
G]l off if a typeout is signaled before a previously signaled typecut is
completed. @ is used to one cycle GZ and Gl. so as to step the marker one
position at a time during gross operations, Similarly, @ causes the

" marker to be stepped one position at a time when addresses are being manuaily
; filled, Finally, Ro P. turns Gl off stopping computation when an cverflow cr

1
proscribed code occurs in the Arithmetic Unit,

G, follows Gy off at the end of the next iteration cycle provided M, (G12) is
also off at this time, The M7 term of ,gp and the G4 term of gjinsure that the
marker will not continue to step as long as a control button is held déwn; the
button must be released turni\ng My off, causing G2 to go off, before Gl can be
triggered on again,

During fill,, with G1 and Gp true Fy (G10) is set on, permitting new infor-
mation from G15 to be filled inf?the four arithmetic channeli in the place of
‘the information coming from theg’iirum (see Arithmetic Unit, G6). At this time
Fo is triggered on b‘y a concincidence of T ; anc Fi o Fi (see Contrel Unit,
G7) depends upon the position of the Display Switch and indicates which
arithmetic register is being filled, If this switch is, for example, at the

Y position, Fi is true during O1 so that FO is true during 02 (the correct time
for entering a digit in the Y register). Tal indicates the marker positioen,
and hence, as used in G10 determines which specific Yis, Yy Yy or R position

is to be filled, F, is turned off one pulse time later by the F,
term, The arithmetic channels are also cleared by action of GIO, If the ' Clear
Complete Button, @ » is pressed F, comes on and remains on untiji. is
released; F, true blocks recirculation at G6 of the Arithmetic Unit, If the
Clear Variable Button is pressed, F, is turned on by the I term

and off by the Fo % I{ termg F o being on during Ii causes the four arithme-

tic channels to be erased during this same integrator time, The remaining
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terms of €10 are used during\;utomatic fill and reversible function inputs and
%317 be discussed in those sections. G15 is a decoding matrix for transform-
ing the decimal digits from the keyboard into their excess-three code equivalentsi,
The terms of G15 qualified by A dnd Vl are used to H read the tape during auto-
matic £ill and will be further explained in a later secticn,
If address information is being filled, Gl is tumed on only by the marker
‘Ieft and right keys, (i) and (), and not by ary of the decimal keys.
Consequently, the marker pulse does not automatically advance when addresses
are being filled or changed, but must always be purposely stepped to the next
desired position, Gy is turned off after only one iteration cyc:le.by @@ o
With the marker in the correct position, information is entered intc the
gddress channels by T @ and analogous terms, The four signals s
@ . and@ are each "and™ combinations formed by interconnecting
contacts on three Console mtches. Ir @ @ @ and. are defined
35 signals true only when the Scope Display Switch is in the A229 Yy s
AX or AI positions respectively, and @ visv defined as true only when
the 1 key is pressed down then

& QOO

Saloe

®» & OO

& -®

with () indicating the £ill position of the Fill-Tdle-Run Switch, Similarly,

being a signal false when the O key is pressed down, @ = @ ., ete,

The ’1'5 @ and similar terms are the normal recirculation terms for the four

[

(]

#

3%
sddress chammels,” (Yo = Yp C'pp etc., seeAddress Unit). The Y2 T' and
gimilar terms permit recirculation of all pulses with the exception of the

pulse in the marker pulse position, With the pressing of the O key,
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'»i‘ocircuhtion via the normal recirculation terms stops; consequently, by
proper positioning of the marker pulse sny single address pulse may be erased,

The address channels are cleared by Cpp of G93 @cmsﬁng & complete clear

while (t 1,7 clesrs only the address chamnnels of the integrator

selected, (The 137 term of G9 concerns automatic fill and will be dis-
cussed in that section), B

The Yop , Yyp, Xy and Ip terms in G20 are the automatic fill terms while the
Fg terms are for gress re'ad_ in. Finaily the R, GPl term in ypg acts to
identify the integrator in which a proscribed code or an overflow occurred by
placing a pulse in Py of Yy in the integrator that immediately fo'ilm the
error, Since the scope display shows the addresses in I; j rather than in I,
I:fter the error indicator has been located in the Y, channel the display
switch must be set to an arithmetic position snd the integrator selector switch

turned back two positions to obsérve the actual error,

6.3 Compute
After a problem has been filled into the computer, G true (gate 11) will start

computation. G = G1Op(@Ry, (@signifies that the Fill-Idle-Run Syitch is not
in the Fill position. Ry’ (Control Unit G11l) insures that reset is not taking
plmé. Gy and G, are caused to go true by GI3 together with the @ T{ term of
G1? when the switch is ‘in the Run position; Jg in GI2 turns on the two "Gd"
flip flops when the O key is pressed during Idle (provided the DISPLAY switch
is set tons.n arithmetic position), allowing one cycle operation, Notes If the
DISPLA‘Y switch is set to an address position, will not be true and one
cycle operation must be initiayed by operating either the Marker Left or

Marker Right key,
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Al Automatic Fill

Automatic Fill is initiated by setting the Read In Switch to the F position and
pressing the (:}) push button which is located in the middle of this switch. Gate 7
shows that turns Ap on energizing a relay driver which in turn activates the -

}@ relay, shown in Fig, VIIl-b, When this relay closes, the release magnet of the
clutch controling the Fill Commutator is energized, starting the commutator. Also

in series with the release magnet are a push button switch and a toggle switch (to
permit one cycle operation for test purposes) and’a set of normally closed contacts

of the carriage return relay, C.R. After an inﬁegrétor has been filled a CR code

from the tape will indirectly operate the CR relay which will stop the fill commutator
from turning, thereby stopping the fill operation until the stepping switch has
completed its cycle and returned to the "home" position indicating that the filling

of the next integrater is to begin. During all fill operations except Gross Read-In .i
Seomert 1 of the £ill commutator (Fig. VIIIDb) step; both the tape reader and the
stepping switch one step per rotor revolution, The reader is stepped directly but

the stepping switch is operated by the © relay which in turn is activated by the

owm

egment 1 signal through a set of contacts on the 5; relay. The stepping switch is
not to operate during Gross Read-In and. since 7; will not be activated during a
Gross operation the abovg circuit hookup is used., (The read out commutator is used
ic.control Gross Read-In; consequently, there is'a common qonnection between the two
conratators at the tapé reader stepping solenoid., The above connection involving
gf; prevents a "feed-through" of the read out commutator tape rea&ér stepping signal

from activating.the @ relay and thereby causing the stepping switch to step.)

Segments 5 and 6 of the fill commutator determine the interval during which

the tgpe is read after the new tape position has been set-up by segment 1,
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Actnally these timer segments sctivate theo— relay and the contacts of this relsy

supply the activate and control signals required for the reading operation,

6.4o1 Carriage Returns

Thé-first character read from the punched tape is a Carriage Return (see Operation
Manual sect, 1.9.3 Coding), This code is detected By the four fingers of the tape
reader while four assoéiated sets of contacts operate the four< relays (see Fig,
VIIIc)., One set of coﬁtacts from each{ relay are inter-connected in such a way
thet s B+ signsl, marked Q;R. on Figs, VIII b and ¢, is transmitted to one side-
of the stepping switch home position sensing contacts wheﬁever the tape reader
reads & Carriage Return code, The Carriage Return relay is energized through this
sensing contaét, and it in turn enefgizes the stepping switch's automatic stepping
contact with B+ that is also gated by the home sensing contact. When the armature
has returned to home poéition the sensing contact opehs, removing voltage from
‘bchh the CR relay coil and the auto stepping contact. The CR relay contacts
return to the NO positions with one set of doﬁtacts energizing again the f£ill
commutator release magnet, permitting the rotor to turn and start the filling of

the next integrator,

6.h.2 Selection of the Integrator to Be Filled

The next two digits appearing on the tape following the Carriage»Return Code repre-
sent the mmber of the integrator that is to be filled, The first digit, which is
the most sighificant digit, is read and held by relaysZVS,)féAand)/?(Fig, VIIIc)
while the second or least significant digit is read and held by Y1,/ 2,) 3, =nd

Y b Eech){ relay has two coils, one allowing the relay to be controPled by the
integrator selector switches ané the other allowing the relay to be controlled

by the sutomatic fill process as described below, As the reader step§§d to dhe -
code representing the most significanﬁ digiﬁ of the integr;tor number,

the stepping switch advanced to the first position awsy from home, marked -

B in Figure VIIIb., As timer segments 5 and 6 are excited with a ground signal
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from the rotor, the ¢relay closes supplying B+ to the moving contact of deck ih of
the stepping switch. This B+ signal is transferred through a set of NC contacts on
eachrelay to one side of one set of coils on the ){7, be and >5 relays. A ground
éign§i~is applied from the contacts of the tape reader to the other end of these
relay coils if the fingers of the reader are reading a hole in the tape. The relays
thus selected then close and an additional ground is applied to the ground end of

the coils through another set of contacts on each separate relay, in order that a
ground will remain ever ~fter the reader steps to the next position. The contacts

of the ;¥re1ays supplying the B+ signal'to the coils are also wired to latch; i.e.
after the relays operate the NO position of the contacts supply B+ from another
source to the coils. This source of B+ used for latching is derived from a NO set

of contacts of the P relay in series with a set of NC contacts of the CR relay,
Hence, during the next Carriage Return the}f relay coil circuits are opened and

thz relays are prepared to read the next integrator number. The g‘relay is connected
to iollow the )/2 relay if the Read In Switch is in the F (Fill) or M (Monotonic)
prositions, One set of contacts of B also de-activates the coils of the;>(relays

that are controlled by the Integrator Selector switches by removing B+ during the
sutomatic fill operation, thereby transferfing complete control of the relays to

the second set of coils, During the next commutator cycle the ;4h9 XB’ ;ﬁgg and

El relays are similarly set up to hold the least significant digit of the integrator
number; during this time the moving contact of deck L of the s tepping switch is at
the A position, thereby supplying only those ,X relays connected to this contact with
B+,

6.4.3 Integrand Filling

With the integrator selected, the sign of the integrand is next copied by Vp (G5 figure
VITT) with the stepping switch in position L., Note that a space occurs on the tape

between the integrator number and the sign code., In the sign sensing signal of G5,

J‘T_I @ @ s @ is a signal from deck 2 of the stepping switch, represents
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the code indicating a negative integrand, and(:>is a signal derived from either the
F or M position of the Read In switch and a set of NO contacts on the a-relayo
signal is always false (see Fig, VIIIb) unless:
1. The moving arm of stepping switch deck 2 is on position I
2, '77'nelay is not energized indicating that the tape is not moving in the
reverse direction.
3. r~relay is energized indicating that the rotor is on commutator segments
5 or 6 and that it is now the correct time to read the tape.
h. ¢.R. relavy is not energized indicating No Carriage Return at the present

time.,

The integrand is now read during stepping switch positions 5 through 13 and placed
in the correct position on the memory drum by F, which is now controlled by the
Qﬂ Ii (E) term of G1O. ?ﬁ- {Control Unit - G1) is high in 0o, times siﬁce Fo is to be
high during O3 times, the Y; positions. Each term comprising the T, signal is
true for only one C, time per integrator, see Pulse Time Chart in section 5.3; the
follbwing 1list indicates the sequencing thus cre-ated:

PULSE TIME OF Iy

STEPPING SWITCH POSITION
DURING WHICH T IS TRUE

5 32
6 31
7 27
8 23
9. 19
10 15
11 A 11
12 A 7

13 3
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The coding used for the various characters on the tape is as follows:

0 0 0 1 1

1 0 1 0 0

2 0 1 0 1

3 Q 1 1 0

L 1 1 1

S 1 0 0 0

6 1 0 0 1

7 1 0 1 0

8 1 0 1 1

9 1 1 0 0
Space 0 o 0 0
#No Action -0 0 0 1
- 0 0 1 0
C.R. 1 1 1 0

. 1 1 1 1

Miote: No action codes do not appear on manually prepared tapes,
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Fh - Fl (GI5) hold the digits of the integrand if A = V’ (C:) + A ) is true (G2),
signifying a positive number during automatlc £ill, This accounts for the A \and
similar terms of G15 and the V

term of G2, If the integrand is negative V., is

1 il
true and the Vl and similar terms of G15 cause Fh - F. to hold the "nines"

1
complement of the integrand, The <:) term of A insures that all of the information
from the tape will be filled through the A signals of G15 during Gross Read-In,
The digits held by Fh - F1 will be transferred to the Arithmetic memory channels by
G6 of the Arithmetic Unit; this transfer is controlled by FO (see above) which
insures that the information will be correctly placed in the memory channels, If
the integrand to be filled does not make use of the maximum capacity of the
register, it is necessary to reset V1 as soon as the least significant digit has
been 7illed, Otherwise the spaces on the tape representing the unused capacity
of the integrand register will be filled, through G15, into the four arithmetic
channels as 1111, a proscribed code in so far as the Arithmetic Unit is concerned,

The TL ‘ @ @ term of G5 recogm.zes the first space and resets Vl

ag soon as comes true. Since Vl’ as well as all of theQE%)“sa is now false

nothing more will be filled into the arithmetic register,



6.ioli Filling of Address Information

With the integrand entered, the address lines of I;_j are cleared when the signal
from stepping switch position 1L goes true (the Is 1 term of G9 causing CAD to

go high), Note, however, that if a carriage return is the 1ljth character, the

CR relay will close before the commutator reaches the 5th segment, which is explained
on page o preventing@_]] from becoming true., Also in this case the j relays
will become de-energized preventing an'Iiml signals either Eg]or Iial false prevents
the address channels from clearing at this time., A carriage return at this time

will also reset Vy, the sign flip flop (@ signal of G5),

6.h4.4s1 Instruction Codes

If a carriage return was not received, the type of integrator operation is read

from the tape at position 15 as shown in the following table.

Integrator Decimal Equivalent
of Code
Operation Q{‘h 0(3 Q(z G{l
Rectangular Mode 0 1 0 0 (1)
‘Interpolative Mode O 1 0 1 (2)
Extrapolative Mode O 1 1 0 (3)
Multiplicative Mode O 1 1 1 (L)
Adder. 1 0 o0 0 (5)
Servo 1 1 o 0 (9)

Referring to Figure II, it is seen that this information will be properly coded
by the following procedure which is carried out by G18 and G20, '
1, if &X1, enter a pulse in Y, at P37 of I3 3
2, ifoC2, enter a pulse in Y, at P37 of I3 1
/

3. if o3, enter a pulse in Yy and Y, at P6 of I3 1

d o
4o if X, enter a pulse in I at Pyy of I, 4
Case 3 sbove enters both time and minus time as dy addresses which is the code

for adder operation and éauses the integrator to pick up the negative of its own
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output as one of its dy inputs. The Ii-l terms of G20 enter the address pulses

ol 128 (Yop, YiFs, ¥p& Ip) into the memory channels at the correct integrator time.

Similarly for positions[18, (13, and [18] the following information is read and

entered into the X and I channels by thell?L andﬁj_lterms of G18,

Position Command Xl X3 o2 1 Typewriter &
Tape Code

16 Normal Operation O 1 0 0 (1)
Tnitial Condition 0 1 o 1 (2)
Reset Coding

17 Normal Operation O 1 0 0 (1)
Coding for 0 1 0 1 (2)
Typeout

18 : Normal Operation O 1 0o 0 (1)
Coding for Ouput O 0 1 0 (=)

Sign Reversal

At position 19, the output muliplier is read from the tape as shown below and

entered into the Yp and Y, address channels by the 19| terms of G18,

Multiplier < o3 K2 <1 Typewriter & Tape Code
el 0 1 0 0 (1)
X2 0 1 0 1 | (2)
x5 1 0 0 0 (5)
Coding for 1 0 o] 1 (6)
Typeout
Control
Integrator

- 6.4.L4.2 DX Address
At position 20 a space code appears on the tape and Eﬂis true for the first time
(see Figure VIIIb). Eﬂwill be true at positions 20, 23, 26, 29, 32; 35; 38; L1,
Lli, and U47. E]win be true at positions 21, 2k, 27, 30, 33, 36, 39, L2, L5 and L8,
[FJ will be true at positions 22 and 25, [fg]will be true at positions 28, 31,
3, 37, 4o, L3, 16 and L9, The [F]'signal turns off Vy of G5, if it was on, and

clears the Z line by setting CZ high (G9)e The most significant digit of the dx
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address occurs at position 21, If this digit is a nine; signifying time as the |
address, Vy is turned on by the F @tem of G5 with Fy being dgveloped

as Pyg in G19. At position 22 the 2] P,v, term of G18 enters time as a dx
address, Also, the Py Ry term records a pulse at P; in the X channel if minus
time is thé address, At position 22, for time as the dx address, the tape reader
reads O for plus time or 1 for minus time. The V term of GB turns R,

on if time is m'imis and the indication of negative time gets recorded as indicated
above, Position 23 will be an@ signal causing V:L and Rw to reset and clgaring

the Z line again.

Normally, howevef, the dx input will not be time, and in this case the most sig-
nificant digit of the dx address will be held in°<3’ 0(290<1 during the 21st commi-
tator cycles. (see sec, 5.2 for the code used). Fy in 63 of the Control Unit com-
pares the states of X ’o<2’ al:ldOLl’ wi:hl;the thre‘; most significant digits of the
X counter, Th‘berm of Fé assures"Fz will be false if time is the input,
Therefore, Fgz is true for the ten integrator times corresponding to the mgst sig-
nificant digit of the dx input, [F7indicates that the most significant digit of
-a:‘i.addres‘s is being processed. When both Eﬂ and F, are true, the F; Fz term in

the dxg equa‘tiori (G8 in the Address Unit) turns the X, flip flop of the Arithme-
tic Unit on at the end of the next PBB time, That is, since the K counter holds

1 instead of Ii’ Xe will be turned on at the beginning of Pi of Ii With Xe

' Ii',' o
staying on through PBS’ Ii‘ acts as if it has an output and 'Acatvises a one to be re--
corded on the Z1 line (G3 of Output Unitg). During fill G' (G11) is high; hence,

dz of G12 of the Arithmetic Unit is high, permitting the Pyg X_'dz term of G3 of
th:e Output Unit to record the one., Hence, during the 2lst commtator cycle 10
integrator outputs will be recorded and recirculated in the Z, mexﬁis::y line, ofe
for each of ‘the ten integrators corresponding-to the most significant digit of thé
dx input. These giltputs will appear on the Z; line as shown in Fig, II for any

ten integrators possessing the same most significant digit; during any one inte-
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grator time five of these outputs will appear in Zl and five in 25, The least
sig_;ﬁficant digit is similarly proéessed during position 22, In this case G19
develops a signal FF = E;] P38 if a dx or dI input is being processed or FF QE‘B P38' '
‘if‘ a dy input is being processed, The binary digits held incxhgcggscxzs and
°‘:l aré compared with the least significant digitsof the K counter in LZ (G3 of
"the Control Unit). LZ is, therefore, true for the six intégrator,times that b,ave‘
the same least sigxfifiéhant digit., The F‘FLZ term of G8 of the Address Unit sets

XS high for these six integrators which in ’qurn sets dag high (G12 of the Arithme-
tic Unit) as G' is true during fill., Consequently, 6 "integrator outputs® are
recorded on the %ls line (G3 c;f Output Unit); these outputs will appear in the

le line as shown in Fig, II for outputs of integrators possessing the same least
significant digit (i.e. 6 pulses with one pulse appearing in every fifth pulse
nosition), During any one integrator time these 6 pulses will appear at~ both Zi1g

(ne of the Z lines now holds "ones®™ in the positions which correspond to those
integrators having the same most significant digit as the address being filled,
while the other Z line holds "ones" in all positions corresponding to the least
significant digit. The next procedure is to insert a one in the X address line
of the integrator being filled in the pulse position in which a coincidence ﬁccurs
between the two lines as this is the position on the Z lines where the output of
the integrator that is to serve as the dx input to the integrator being filled
(Ii) will éppear during Ij.1 in normal computation, The above mentioned coinci-
dence may occur either between Zl and -le or between 22 and 223 and is detected
in G8 or G9 of the Output Unit as 2.1 or Zpoe This coincidence will occur at
position 22 of the Stepping Switch for the dx address and is entered into the X
channel by the (ZFlﬂ,,_ Zpp) term of G18 in conjunction with the Iy 3 Xp term
of G20, If the coinciciénce Zpp occurred, Ry is turned on by the [Fg} &5, I term

of C~.8. The Pl Rw term of G18 now records a one in the X channel at Pl time
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indicating that the Z, and Zp4 lines instead of the 2 and 415 lines are to be
read for determining the dx input. If time is the dx input this pulse at Py

time in X indicates that minus time is to be used.

60)40’403 DT Address

After each address has been filled, the next position on the Stepping Switch sets
high, clearing the Z lines and turning V; and R off. The next address which
comes up in positions 2 and 25 is the dI address and its loading is exdctly similar

to the loading of the dx address, I pulses are entered in the memory by the

term of G18,

6.L.4.k DY Addresses

The dY address pulses are filled in next in a similar manner.. Since two Y address
lines are employed no code signal is needed in Py as is required in the X and I
lines to determine which Z line (Zl or 22) to examine for the input, Y2 always
examines 22 and Yl always examines Zl for dY inputs, The most significant digit
is again filled during anEH time, but the least significant digit is now filled
during an E time (Fig. VIIIb). Af{,er‘the coincidence between the most signifi-
cant digit positions in Z; or Zy and the least significant digit positions in Z3g
or &, is made and indicated by either Zpj or Zp,s the correct address pulse is
filled by G18 also during the [Fy] time (;ndicated by the [Fy] Zyp term of Y,p and the
m%Fl term of YlF)., If a‘dY input is to be time a nine will be coded as the most

significant digit causing V, to be turned on as explained above under the dx input

‘discussion, The codes for the least significant digits of time are as follows:

EXCESS THREE CODE DECIMAL EQUIVALENT
Plus Time .. 0011 , 0
Mimus Time 0100 | 1

Therefore, if plus time is the input both Vl andwill be high during and this
term will then fill a pulse imto the Y, line at Pg I5.1 (G18 and G20), If minus time

is the input Vl and@will be high during ‘ entering as pulse into the Y2 line at

P6 Ii_'lo
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6.5 Filligg During 30 Integrator Operation

The filling operation is the same during thirty integrator cperation, However,
‘Pé 11ow becomes P21 and the recirculation terms of the Z lines are changed from

PV6,t’36 to Py, /36 (see G16 of Control Unit and Fig., L7 of the Operation Manual),

6,6 Termination of Filling

After the last address for a particular integrator has been filled, a carriage
return code is read which activates the G, R. relay, advancing the Stepping Switch
to ®home® or zero position and preparing the >|rglays to receive the next inte-

grator number. After the last integrator has been filled, a periodd

occurs which turns Af off (G7), de-energizing the); relay and stopp:.ng the flll

commtator ending the fill operation, This off term of Af is gualified by@india

cating that the computer is set for problem filling or monotonic function input
coperation by the setting to the F or M position of the Console Read-In Switch

(@©=€)E). This off term of A, is further qualified by V which prevents Ag

from going off until the Stepping Switch has made at least one complete cycle,

Before the start of automatic fill A;,

However, V4 will be turned off either the first or 2nd time comes high depending

is high, consequently, V3 of G6 is true,

upon the initial state of V,, and it will remain off during the rest of the fill

operation permitting the Ap "period" off signal to operate as desired.

The fill process can be stopped at any-time by pressing the reset button on the
Congole, This makes.true which turns Ap off stopplng the commtator and resets

Tq to the true condition while Vl and Rw are reset to the fa.lse sta‘heo

After the tape ha;s been read all integrands/ appear only in the Y; register, | Before
computation can étart the Insert Button must be pressed causing@to become true,
which in turn transfers the integrands to the Y and Yp regi~st§rs and inserts the
roundoff nmumber in the R register as explained in Section 2°3°a.15©' clears the

Z lines of any information that may still remain following the fnal filling of
address codes (G9). The machine is now ready for computation which may be initiated

by setting the Fill-Idle-Run Switch to the Run position,
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6,7 Function Input

607.1 Monotonic

Monotonic function input tapes are coded as described in Section 2,9,1 of the
Operation Manual, The values of the integrands contained on the tape are
entered into the computer into the Y; register in the same manner and using
the same circuits as described in section 6,4 for automatic fill, The Read In
Switch is set on M making signal true. The signal that ends the initial
conditions reset process, RéEcRy (Section 5,8 and Gll of Control Unit), turns
Ap on to start the filling process (G7). After the first point of the indepen-
dent variable has been entered, the period on the tape causes Af to turn off

as previously explained. At the end of the next reset the process is repeated
by again turning on Afo If a reset signal occurs before the completion of the
previous read-in operation, R, (G11 of the Control Unit) will not go off as Ag
is still true. Consequently, reset will continue until the previous read-in

is complete and Ay is turned off; this will then permit R, to gc off, After R,
goes off Ae will go on again at the next E, pulse and read in the next function
values also at this time Ry will be turned off again and G11 of the Control

Unit is ready to accept the next reset signal,

During automatic reset the integrands held in Y; will be transferred to the

egisters in only those integrators that are coded for reset with a
pulse at P3g in their I address, This P38 address pulse is read at the follow-
ing Pl time at the Io“record flip flop (Io is one pulse time delayed from the

I read’flip flop) if the reset signal, Ry, is true, If the integrator is

so coded, S, (Gl?) will be turned on at Py time and off again at P37§ but if

the integrator is not coded for reset, and Ry is true, SA will be turned off
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at Py time by the (7) IS P Ry term of G17, Although Sy is the flip flop

used to hold the indication of servo operation, the above additional functions
of this fllp flop do not interfere with its normal.operatlon as computation

is alwaysstoppped during reset by the R signal in GlL,”her@meﬁ signal, S

(G1L Control Unit), is qualified by Sp for automatic operation; hence, only

those integrators so coded get reset.

6o7+2 Reversible

Réversible function inputs require considerable additiconal comtrols and
circuitry than do monotonic function inputs, Also due to the nature of the
read-in process only one integrator may receive function valiues from the

tape, aﬁd this integrator has been permanently selected as integrator 02,

With this type of input, by definition, the function.controlling the tape
read-in can go both positive and negative causing the tape reader to step for-

ward snd backward in accordance,

In both the monotonic and the reversible function read in prccessit is desired
that computation not be held up while filling is going on any lenger than is
absolutely necessary. This is accomplished in the monotcnic case by filling
the n +1 st integrator values into the Yi register and having the reader ready to
road the m+2 nd values immediately after the nth values have been inserted into
the T and Yb registers, When the n+lst values are called for, computation will
only have to be stopped for two iteration cycles (G1l of Contrel Unit) in

order for the insertion of the new values into the computation registers

to be made., Computation is stopped during this inserting process by Gl

(Ry will be true hence G will be off, see Section 603)o The situation is

a little different in the reversible function input case, although cnce &

reversal has taken place the flow of information is to be the same as in

the monotonic case, Let n-3, n-2, n-l, n, n*l, n+2 and n'*3 be consecutive



Tl

values on the tepe and consider the case when the nth value of a forward moving
tape is in the Y fegister at the time a reversal signal cccurs. Alsc at this
time n+l is in the Y; register, and the reader is ready to read the next

tape value, n+2, When the reversal occurs the Y and YD registers are to hold
n-1l, the Yi register should hold n-2 and the reader sbould be ready to read
n=3, The reader must, therefore, immediately step four increments in the
reverse direction in order to get the correct values into Y, YD and Yi regis-—
ters, From this point on, the tape is to proceed one step at a time in the
normal manner until the next reversal signal is received, when the reader must
again change direction and immediately step through four values on the tape to
get the correct values into the arithmetic registers. During this above

mentioned stepping, computation must remain off in order tc give the tape

mechanism a chance to "catch up" to the computer,

For the information contained on a reversible function input tape/see éections
2,9.,2 and 2.9.3 of the Operation Manual, This tape is set into thg reader at
a carriage return code and the Insert Button is pushed turnin%“on RyV(Gll Con-
trol Unit), The (EE)R; Ec Ry term of G7 turns on the Af fiip fiop starting
the reader to begin stepping in the same manner as for Monotonic functions
(see Sect, 6.5.1). After the imitial value is read into Y, , the carriage
return code on the tape turns Af off stopping the reader (@ Vé y 3' term
of G7 , being a signal developed from the Read-In Switch and cnly true when
that switch is in the R position)° The Insert Button is again pressed at this
time transferring this initial value into the Y and Yp registers as well as
again turning Af on and reading the next value from the tape inte Yi° The tape

again stops on the next carriage return and the computer is ready to start

computation,

It will now be assumed that the tape has been moving in the forward direction

and will continue to do so until at least one more value has been read from the
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iape into the computer. When the tape control function in the ID register of

1;9 becomes one or gfeater this integrastor will have an output, and this output,

-~

M, (GlL Arithmetic Unit), will start an automatic reset operation (Gl Control
Unit). As also goes on as in manmual reset, aﬁd‘the next value is read into the
Y, register, After one value from the tape has been read the @ Vévé term
of G7 again turns Ay off stopping the operation. Here again, if a reset signal
occurs before the function value has been read in, the ongoing read in must be
completed before the Ay flip flop will go offg then Ap is turned on again as

described in Sect. 6.5.1.

If the integrand of integrator 59 now goes negative, EL willbe high at Pyglsge
Figure II shows that Yé, the sign of the integrand, is read in the R flip flops
at Péstime and, consequently, in the W flip flops three pulse times later, Since
(g; is zlways true during Reversible Function Input operation (see above) and Td
is true if the tape has been moving in the forward direction, Ry of ¢} will now
be true at E, = PygIlggtime. E,Ry will now turn R, on (G8), With R, on and &
still off, the tape direction control flip flop, Ty » is turned off (G1) .
indicating that the tape is now to be run in the reverse direction, G21 is
simply a gate used to develope the Rw A% signall and supply the output with a
power amplifier as the signal is to be used in several locations, T& energizes
a relay driver which closes the 1T relay of FigureVIITb, This relay has two
functions one of which is to operate the tape reverse solenoid on the tape
rsader to mechanically permit the reader to step in the reverse direction.

The second function of the 7T relay is also concerned with Reversible Function
Inputs but will be covered & Little Iater in this discussion, This RWA% signal
also turns Ap on (G7) starting the Stepping Switch and Tape Reader to stepg and
at this time the Rw term of G1L of the Control Unit turns on R, thereby
starting the reset operation. Vp, V3 and R, now serve as a countér to count the

mumber of Stepping Switch cycles and hence the number of values read from the
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tape, The tape wili keep stepping even after the first value is read-since

the normal off term during Reversible Function Input operation is qualified by
vj and Vi (G7) and Vz is now true, being turned on by RyAt (63), With the
77‘re1ay energiéedg thaf is Té true, the sequencing of the first few stepping
switch signals are reversed and now appear in this order P @ s 9[9:] 95,
[7).16], and {5! (see Figure VITIb Stepping Switch decks mumbers I and IT
together with the Rotary Switch), The reason for this reversing will be

explained later in this section,

. Since T& is true, the VQTé [5] term of G8 will turn Ry offduring the first cycle
of the stepping switch. now occurs after @,, hence, the R;, term of G3
will not turn Vs ;ff until the second stepping switch cycle, The V%T&tem of
G6 is to turn VS off, and it cannot occur until ‘the third stepping switcﬁ cycle,
The c;arriage return signal occurring after the third cycle, that is after both.
Vo and V3 have been turned off, ﬁill now reset Ap to the off condition, As Ay
gees off R, of the Control Unit goes off; and, hence, E, will again turn A¢ on
causing the stepping switch to start its fourth cyclek' and the reader to énter
the fourth function value into Y;. &% alse turns V3 back to the on conditicn
(G6)5 but since V, remains off, VB will be turned off again during this fourth
cycle of the stepping switch. Hence, before the reader gets to the next carri-
_ age rebturn both Vz“ and V§ will be s'imnltaneously true, permitting the ensuing

o

;Ejb:‘ signal to again turn Af off, The reader will now step over just one

function value each time 159 has a nega.tivé output, just as it was reading only

one value on the tape for each positive output of 159,

If after the tape has been stepping in the reverse d:‘i.reci;ion the integrand of
159 goex positive, the direction of tape travel must be éhanged to the forward
direction again., In this case the sign digit, YS s of 159 will change from nine
to zero, hence, Wﬁ goes from true t§> false at P38 159 o A reversal to the

normal direction is therefore signaled by Tc-"lwﬂ in G, This expression is
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further gqualified by Sy, a signal indicating that Yp is not zero (Secto 265037,
for the following reason, The normal.?rocedure is to set 159 to zerc at each
reset signal; but the sign of zero is positive and if the tape drive is in the
negative position, a reversal would occur on the fifst cycle of computation,
Therefore, it is neceésafy to discount the zero position, and this is accomp-
lished by the Sbvterm, No; EcRM will turn on R, and the combination RWA%

is true again, This time, however, R A, turns Ty on (G1), Reset is started,
and Af and Vyp are turned on as before during the previcus reversal, However,
since Ty is now true causing the taps to step in the forward direction, the
stepping switch signals will become true in correct numerical crder, i.e. 9
B, .... . R, is now turned off by VyBff; Vp is turned off the following
stepping switch cycle by Ré ‘EJ; and V33 is turned off during the third $tepping
switch cycle by Vé Td . Af and.RZ are turned off as during the previous
revers;l, and then A’af is turned on again this time by the R;EcRy tern,
After the next value has been read the carriage return signai turns Af cff,
stopping the read in process until the next reset signal is received., It is
seen that during this last reversal the reader stepped over four different
function values from the tape as before and as required as explained above,

The reader will now proceed in the normal manner entering only one function

value each time 159 has a positive output until the next reversal signal is

received,

When the tape reader is stepping in the reverse direction, the first decimal
digit, that is read from the tape is the least rather than the most significant
digit. This digit, therefore, must be placed at a different pulse pésition
within the integrator depending upon the number of digits comprising this inte-
grand, The DIGITS swifch, shown in Figure VIIIb, must previcusly be set to thé

number corresponding to the number of digits of the integrand appearing to the

-
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right of the decimal point, exclusive or the round-off digit, The following

chart shows the repositioning that takes place,

STEPPING SWITCH  "FORWARD" SIGNAL "REVERSE" SIGNAL DEVELOPED
POSITION DEVELOPED WITH DIGIT SWITCH SET TO
6 5 b 3 2
1 2 [l (o
z §© O
3 4 @ [
1 00O
: B
6 M G E
7 (7] [e] [5]
8 (8] 5
9
10 B
11 11
12 12
13 13)

Electrically this change over is effected by transferring ground from the

7nd pole of the stepping switch to the 3rd pole, by means of the second set of
contacts of theqr relay (see Figure VIIIb,) The operation of the4f relay is
covered esrlier in this section, Now, depending upon the pesiticn of the
DIGITS switch, the lines carrying the position signals [E} through (12| are

switched to new points cn the stepping switch, as shown in the figure.

If a reversal or a read in signal occurs during the reading in of a function,

Rw is turned on; however, as has been shown, it is ineffective until Af goes
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off, The normal reversal or read in procedure takes place again as scon as

Af goes off with R A% turning Af on again at the next clock pulse.
w

The tape reader can be stopped at any time by pressing the Reset button on
the Console. This makes-!true resetting Ap to off which in turn resets
V3 to on, also resets Tq to on and Ry to off; thereby returning all of

the circuits used to their initial conditions,

During tape reading while in Reversible Function Input operation; the infor-
mation from the tape is entered into the computer in the normal manner through
GI5 under the time control of F, of GlO (see Section 6.L). The controlling
term of F, now is T, Igp @ permitting information to be filled intc only

integrator 02 during this type of computer operation.

6,8 Gross Read In

For a complete discussion of Gross Read In see. Section 7.5 in the vchapter on
the Rem’d Out Unit, The Fg terms of G20 in the Fill Unit are for the purpose
of entering address information during Gross Read In, The arithmetic infor-
mation during this process is entered also via G15 under the control of A,
G2, de F of G10. The @ V{ term (sziﬁf@vi) is now the effective term
of G2 gnd TalGle@Fi is the | effective ﬁem controlling Fo" must be

true during Gross Read In as will be seen later.

6.9 Servo Indication

The primary purpose of SA; is to hold the indication of servo cperatTBH
Figure II shows that servo integrators are coded with a pulse at I“37 in the
I channel, This pulse will be in the I channel record flip flop, I , at P3g
time, and hence, is detected by the @) Pyg I, term of G17, S, will be
turned off by the following P37 pulse. is a signal signifying that the

Fill-Idle-Run switch is not in the Fill position. S& is used for servo
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cperation as described in Section 2.5.3.

6,10 Clearing of Z Lines

The Z lines are manually cleared through G9 by the Clear Complete switch signal,

@, as described in Section li.Li (cperating this switch causes +o go high
and ' hence CZ’ to go IoW)e also clears the address lines through G9 as

o . § o v o . A
previously discussed in Section 6.2, ’I‘heRy€ ‘

term of G9 iz for selective
clearing of the Z lines after initial conditions have been autcmatically

raset in those problems where these values are automatically vari?gi};‘_' in accorg-
ance with results obtained during computation, Typical prebiems of this type

would be those involving split boundary conditions, The @ signal is cone

from the Read In switch and is true only when that switch is in the N (normal)
pesition. SA. is true only during those integrators ccded for automatic

reset (see Section 6x7.1)g hence, CZ‘ will be true, Cz will be false, during
am automatic reset for only those integrators so coded, Since G also goes
off during automatic reset, the Cy terms of GB of the Address Unit will

cause these resetting integrators to.act as if they have nc cutpuls and,
hence, cause any previcus output that they might have had to disappear

from the Z lines, See also Section L.k, This in effect erases the Z lines

of all outputs frcm those and only those integrators being reset,



=81-

READ OUT UNIT

7.. Integrand Read OQut

If the Read Out switch is set to either N (Normal) or R (Reversible), integrands
from the Y registers of those integrators so coded will be read out of the computer
each time the integrator coded for typewriter control overflows, If a reversible
tspe is to be prepared only one integrator should be coded to type out as only
vsiues for one integrator, IQ29 may be fed back into the computer during Rever-

sible Fun~tion Input Operation,

Te facilitat§ integrand read out and to permit the arithmetic circuits to continue
computing during read out, the ytlues'tb“be“fuad out are first loaded into the T
channel in a serial manner and then read back to & decoding system that controls

the typewriter and the tape punch, Since the"values of interest are now recirculating
‘n the T chennel, the rest of the computer circuits may continue with the problem
coition, If the integrands are negative they are held in the.computer as comple-
ments, Therefore; circuitry is also provided in the Read Out Unit to recomple-

meni these complements so that true negative numbers may be typsd out.

A read o:t commtator (Figure IX) is provided to control the operating sequence of
the typewriter. This is also used during gross read out and gross read in as will

e seen later,

T l.de J5 Ty

and Tp Flip Flops (G13)°

J, Ty and TR are three flip flops that indicate the state of the read out unit. These
states are s hel ok
State | J TT TR
0 0] 0| O |idle (T channel loadlng)
4 |1 ] o] o [idle, standby to read out (T channel loading)
2 0] 1) O |extra cycle of loading before a read out ~
6 1 {1} O |extra cycle of loading for one read out with standby for another
read out
3 0l1} 1 |read out in process
1 1} 1} 1 |one read out in process with standby for another read out
1 0| 0] 1 |read out process completion phase
s 1| 0] 1 |one read out process completion phase with standby for another
read out
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The transitions between these eight states are indicated belows

|

-} No standby for

Y £ [
] ] ]
<30 : 2 —> 3 —> 1 == another read out (J')
e I
\% / wﬂr ' v ' ‘?ﬁf Standby (J)
F) : ; 6 >7 35 =-=Jv for another read out
g { : { :
j f '
I
idle extra : Read ! Read out
(with loading , “out in |completion
loading) 1 cycle 1 process ! phase

The normal cycle for read out may be 0->4—>2—33-31->0, When this is the case, each
read out is completed before the next one is signaled by the computer and computation

need not be halted,

Al]l read outs are initiated by turning J on in gate 13, This may be done manually
during state O, either by pressing ‘bhg Tead out start button which is located in the
middle of the Read Cut switch or by pressing the selective integrator read out button
which is located in the middle of the most *sigrﬁi‘icant digit Integrator Selector
ewitch, Both of these switches mal;ee, ‘when operated, starting a read out, The
output of an integrator coded for typeout control will alse turn J on; this is accom-
plished by the mIII Z31 PB? term of G13, HIII is the typewriter control integrator
indicator and is derived, in Gl3 of the Control Unit, from the address code pulses,

while Z o Tepresents the integrator's output,

State L, therefore, may be set anywhere during a machine cycle, At the end of the
machine cycle during which state L is set, state 2 is set by the J T?‘g T{ Eg term
which sets J off and '1‘T on, State 2 lasts until the end of the next machine cycle,
when state 3 is set (tg = Tp E;)o T, is later set off when the last information
lecaded in the T channel is read out (indicated by the ‘1‘{ Ec T'ft@m)o Setting TT'
off at this time gives state 1, which is changed to state O when a completion signal

is received from the read out commutator (o'R = T,i’.' Ts)o

During states 2, 3, or 1, J may also be set on again giving states 6,7, or 5 re-

spectively, T, of Gi2 indicates the presence of any of these latter three states
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29 signals computation to stop (Fill Unit G13) until the read out in process is
@ rnisted, The chain of states, 2-33-3%1-$0, will then be replaced by the chain
4~ —35—>), and at the end of the machine cycle when state L occurs in this chain,

computation will be restarted (Fill Unit G123 and.the fstand by" read out started,

The state of the read out may be set to 0 at any time by pressing the reset button

which makes{?%}true resetting J, Ty and T, to the off state,

7.1.2 Ty, Ty, Ty and Ty Flip Flops (a5)

TK, TLg xiand TN flip flops are used during loading to receive the Y digit codes

in parailel from those integrators whose integrands are to be typeécnﬂ;?nd then

step these digits serially into the T channel through Gl, These flip éiops are

then used during the actual read out to step fhe Y digits in the T channel to the
ieft (shifted so they appear later in time), This shift is brought about by effec£=
. sir inopeasing the length of the T charmel L pulse times (equivalent of one decimal
A7i%) during the integrator that is being typai¢i£*at the present, The integrand

in this integrator is shifted one decimal digit per commutator revelution., After
esch shift thes= four flip flops store the mext output digit that is to be typed

vntil it is typed, after which they are cleared and made ready for the next shift,

Ty, under the control of T09 is also used to complement negative integrands, Comple-

wenting is done per integrator at the seame time the first shift is made prior to

typasout.,

7eX.3 Ty and TH Flip Flops

Tg and Tw are used during the read out process to synchronize the Y digit shifting
and selection with the position of the read out commtator., These flip flops permit
shifting to occur in only the first non-empty integrator of the T channel, and the

shifting in that integrator to be limited to a'one decimal digit shift'! per commutator

sycleo
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7.1l Ty Flip Flop

The Tp flip flop serves to control the loading of typeout integrands, During the

read out process it serves to control the typeout of the sigﬁ digits of the inte-

grands,

79105 TI and Tc Flip Flops

The TI and Tc f1ip flops control the complementing of negative integrands in the

T chamnnel during the read out process,

7.1,6 T Channel Loading ,

The T channel is loaded, with thgrinyegranﬁs that are to be typed out, through Gl

(Figo IX) and the({® TOTJLJ term of G16 of the Fill Unit (Fig, VIII). The loading

pl
place except when T, of G13 is true (Section Tolol).

term of Gl is TRB Cgivr P_+T E;+E )s in other words, loading‘is continually taking
. pe ¢ o T

A1l integrators to be typed out automsticatly are coded with a pulse in the X addresé
channel in the P38 position, Thisaddress code is read by thé TR?:?§8,(E§>X? term of

'G3, which in turn sets the Tp flip>flopjon"§tarting with the beginning of Pl of each

integrator that is to have its -integrard typed out. ?he/m»)term is a signal from
the Console signifying that the sglectife"integrator'reaAQQut button has hot been
pressed, Tp may also be turned on'for“any“cngjintegrator by setting the Integrator
Selector switches to the desired“integrato?“gqmber and pressing the selective inte-
grator read-out button (theIﬁ;;lTﬁ Pyg term of G3), With Tp on and Tp off, G1
causes pulses to be reeorde&lin"the"T“thnnei“at Pl and P2 times for every integrator
that is to be typed outoe These‘pulseS'at'Pi‘and P2 cause spaces to be typed, if a

- reversible function tape is being made, as will be seen in Section 7.l.73 these spaces
are necessary to permit automatic preparation of these reversible tapes (see Opere
ation Manual Sections 2,9.,2 and 2,9.3). Since reversible tapes do not contain any
integrator number or integrand sign, four spaces or no action codes must be included

on the tape between the carriage return codes and the most significant digit of the

integrands, This is necessary in order for the correspondence between the digits on
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the tape and thg various stepping switch signals to be the. same regardless of the
tyo: of tape being filled, Besides the tvd spaces punched on the tape for the P
ard PZ pulses that were léaded into the T channel, two no-action codes will also

Le punched as described in Section 701070 One no-action code will be punched im-
mediately following the punching of the carriage return after the integrand value
has been read out, and theISecond“no action code will be punched at the start of
the read ont for the next value pf"the*ftnctionow During normal read out the pulses
recorded in T at P2 times initiate the setting up in G5 and the typebut,of the signs

of the integrands,

With Tp on the Tﬁ TPOZRf term of Lf, developed in G8, is used to gate the parallel

Y digit codes, exclusive of the>roundaoff“digitgvfrom the Rh9 Ragﬂﬁz and Rl flip
flops of the Arithmetic Unit into the Ty, T Ty and T, £1ip flops. The gating of

M
;,aving inko To, the T channel reco:dwflip‘f;op? is brought about by the lTRl term

tragse ¥ digits into Ty, T, and T, is brought about by the L, terms of G5, but. the
, Ks L : S : b4

o~ (1 in conjumction with the TOT_tegm'uf 616_of the Fill Unit., The contents of

A, xs also gated into Ty bquT3‘but“thiS“iS“not'a-uséful part of loading for normal
readout, being used only during Gross Read Out as explained in Section 7.2, The
Tound off digiv of Y is also gated.by G8 if output’functien tapes are.beingﬁgeneré
ated; this is designated in G8 by<:>§a‘switch signal from the Console true only
wien the Read-Out switch is in the R position. The Y digits are held in the R flip

BOS 4
T stepping gate, G7, now»shifts-these Y codes from Ty to TL to Ty to TN for three

{Aon3 ab 02 times (see Figure II); hence, they are in TK9 T and T at 03 times,

successive pulse times, O 39 Oh and 01. L of G7 equals E ¢ [TW“ + T ¢ 0y } It is
the O5' term that causes the stepping just mentioned as O LI @ + Oh x 07 .Thls
stepping term is qualified by Eé in order to block the stepping operatlon-at P38159°
I{ the stepping signal entered G5 at this time (Ec time) it would interfere with

the setting up of the carriage return code in TK’ TLkmM and TN at the end of typ@oufi
(seelSection 7,107)%? This shifting is accomplished oy the six Lg terms in G5

and the TR'TM term of Gl, The stepping of the contents of TM into TN is not a mseful
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part of loading, but is necessary during typeout as explained in Section 7o1.7.
.witﬁ the first shifting pulseq(TR°§3),‘TI;i§fsgt off so that the second shifting
.pulse setsvTL,off and the third”sets_?xjoff, and in this way clearing the three
flip flops in preparation to receiving the next Y digit code. The least signifilb
cant binary digit of each.Y code iS'loaded into the T channel by the LoR; term of
@1 while the remaining three binary digits of each I code are loaded serially by

the TR'TH term of Gl in conjunctlon‘with tHe above mentioned stepping process°

A pulse is recorded in tﬁe'fichaﬁnﬁi at’P 159 by'the E T L term of Gl° Thls
pulse is used to set up the carrzage”return'ccdu after all integrators have been

typed out, This E_ pulse in T will prohibit the correct typeout of integrator 59.

The extra loading cycle, state 2 or 6, is provided to account for the fact that
loading is done from the read flip flops of the Arithmetic Unit instead of the
record flip flops. During this extra cycle the T channel is loaded with the arithme-
tic results that were obtained dﬁring the iteration cycle in which the typeout com-
mand originated., Although continual loading océurs during state O and also during

state 4, the information loaded during the one extra cycle is the information that

is typed out,

7.1.7 Typeout Sequence

When TT is turned on for the extra loading cycle it also excites a relay driver
activating the b"’l relay, )"l when closed energizes the release solenoid of the Read-
Out Cormmutator (Fig, IX) allowing the rotor to turn, The release solenoid is also
in series with a push button and toggle switch combination that permits one cycling
of the commtator if desired for test purposes. The commutator, when stopped, rests
on the §segment, and due to the inherent delay in the operation of the relay and the
release solenoid, the rotor will not commence to move ( or if it does start will

" not move appreciably on the 6s§gment) until after the éxtra,ldading cycle is over

and TR (G13) has been turned on to start the actual read oyt process,
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I iz turned on by the following E, pulse after Tp has been turned on, It should

nhe noted that at this point T_ will be off due to TR” in Glij, T, off causes TJ to

g g
nz low (5I1). Ty will be on due to the ECTI{T term of Gli, Tgo, Ty and Ty will be off
since they are reset following the stepping of each Y digit code as explained in

the section on T Channel Loading (7.1.6). TN will be true having been set by the

igéEC term of G5, It is seen that at this time the Ty, Ty, Ty and Ty flip flops
nold the nc-action code, 0 0 0 1, Also, as soon as Tp went true, and loading stopped,
+he information that had been loaded into the T channel during the last cycle will

begin tc recirculate due to the TRTWT term of GIL,

When the commutator's rotor reaches the ) segments, ground will be applied tc the
coil of the Arelay,activating it (Figo IX), The contacts of this relay develop
twe signals@ and @ . With the caomutator on the A segment, » therefore,

hacomes true turning Tg on and T, (G6) off,

When the commutator reaches thel segment, the T relay will be activated, signaling
tre typewriter to type the charac;cer corresponding to the ‘code in TKQ Tro Ty and Tyo
The ¥ relay gates a ground signal,, s through its contacts, that is to be
applied to the relay decoding matrix as an activate signal for the typewriter (See
Fie, IX-b), @ is @ Console signal formed by inter-connecting the Read-In
1.3 the Read-Out switches in such a way that the signal is true (1ine grounded)

if tne Read-In switch is in any position except G (Gross), or if the Read-Out switch
is in the & (Gross) positiong if the Read-In switeh in on G and the Read-Out switch
is not on G then this signal is false (1line floating). As the computer is used,

is true for all operations except Gross Read-In., This T signal is applied,

through the decoding matrix formed with the contacts of the five P relays, tc the
solenoids controlling the typewriter, Furthermore, each typewriter solencid signal

is passed through an isolation rectifier and a rectifier coding matrix, to the four
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solenoids controlling the selector armatures of the tape punch (Fig, IX=b), The
lfgrelays are activated by drivers controlled by the Tk, Tio TMs and Ty flip flops
during readouts, with TN activating two relays/ﬁia anﬁfﬁib in order to provide
sufficient contacts for the decoding matrix, During problem filling the @wrelay
is activated by the Z‘; relay acting through the Read=In switchg this switches
the control of ths/arelays to the fingers of the tape reader (in this situation

the typewriter activate signal is supplled by E,-lnstead ofﬂf) The p relay,

s e A "

shown next to the/;arelays in Fig, IX-b, is used only during Gross Read Outg its

Hpr LU»* red g
function will be explained later. As shown above, the first code the typewriter

U,

and punch will receive at the start of a read out wlll be the noaaﬂtlon code

T ST ———

0 O 0 1; thls code is now punched if a rever31b1e function tape is being prepared,

- but the typewriter does not operate with thls signalo

et .,

After passing over two more unused segments)the timer's rotor next comes to the

cS segment and excites the 6 relay, causing the@signal to become true, Since T g

K° TLQ TM and T and setting

TW off at the end of the first Ec pulse (Gl). The signal of Gate L signifies that

went on withCE), ?6 of G11 now becomes high, clearing T

a Gross cperation is not going on. Tg is then set off again at the next clock pulse
(at a Py time) by the Ty' term of Gllhs consequently, 25 of Gl1 again goes false at
the start of the iteration cycle following the one during which it became true,
With TW off the recirculation term of Gl is changed from TpTyT to Tw TN9 however,
there is no information in the T channel to be effected by this change until Pl time
7 the first integrator to be typed out. As this first pulse in the T channel is
read, the PlT term of Gl again turns Tw on and the normal recirculation term of Gl
again is effective., Since Ty does not actually come on until the end of P12 the
TgTyT term of Gl does not become effective until P2 time; and since by P, time Gate
5, and, hence, Ty still has not received any information from the T channel; the Py
pulse in the T channel for the first typeout integrator will be lost from the channel

and no longer recirculated. This first pulse, Pl” in the T line will not be read by
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(5 as the pickup term inRBhis gate, Tv"l'e'-'l', is qualified byP; j38e Hence, at

.

wniy bime TK’ TL’ Tt{ and TH are all false; i.e. they are holding a space code P ij} 'y

for the next typeout.

1t ‘TT was on, this P. pulse for the first typeout integrator will also set T, on,

1
due to the Iw'TéTIT term of G6; then TI will be reset to off two pulse times later
by the T,0, term of G2, T, is now ready to read the sign of the first integrand.

cT2 I
The commutator now on its second cycle will again set Tc off and 'I'g on at the ,X

segment#.

At the T segment the code 0 0 0 0 in TK’ TL, 'I'M and TN causes a space to be typed.

T 5 will become high again at the 6 segment; TW will be set off again at the end

of the first machine cycle after which T g will again be set off. The first pulse
4o be found in the T channel at this time will be at P2 of thé first typeout inte-

cootor, Like the Pl pulse it will not be recircﬁlated but will set Ty on again.

4275 at this time the Ty'PoT term of G3 will set TP on from ?3 through P37 time,

A% P37 the most significant digit of the Y sign digit code for the first typeout
integrator will be in the Tal flip flop (see Fill Unit), If the sign of Y is nega-
vive, indicated by P37Tal being true, and if TP is on indicating the second commu-
tator cycle since the start of the typeout of this integrator, then Tp and TH will
be set on (G2 and G5). Ty remains off as the T pulse at P2 is blocked in Gy by the
P}'ga qualification., If the sign is positive, Tp and.TM will be left in the false
state, The typeout code in TK’ TL’ %H‘gn@ ‘1‘N becomes, therefores O 0 1 0 for typing

e

n.% yhen Y is negatlve or 0 0 0 O for typing "space" when Y is positlve,, Wlth the , Ny
.o
e ey é;

sign code set in TK’ TL, TH and TN’ the commutator will complete another cycleg the

third, to type ‘the sign. TI will remain on for negative Y's to indicate that Y

mast be complemented unlesS@is true, in which case negative Y's will be tabulated

as complements. @is true only for auto preparation of reversible tapes and negative

integrands are to appear on these tapes as complements (see Operation Manual 2.962)0
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Tc of G6 does not become true at this time since TW“ wént false before TI became

true,

When the‘5 segment is reached the flip flops of Gate 59 TK9 Tlﬁ TM and TN9 will
again be cleared and Ty Vill be set off by the first Eé pulse that follows. L,
 of G7 now beéomes true as its controlling term during typeout is EC“TW“° With
T.. off recirculation in the T channel will start with a four flip flop delay

W

(T—> Ty st —>T —>Ty—>T , See the vaw .! terms and the shifting, lg, terms of

L
.G5) with the Ty'Ty term of Gl rather than th; TR:WI term becoming the controlling
factor for recirculation., Since the Pl and P2 pulses in the first typeout inte-
grator have previously been losty, all of the digits of this integrator will be
subjected to this four pulse time delay as Tw will not be turned on until P38 (6h).
If the integrator is being typed out at least one of the four signals T, Tk, Ti and
'1'M must be present at P38° (Tc is also included in this gate as during complemen-
tation of negative integrands the digits held in TK’ TL and Ty will have been complec‘
mented while the digit held at this time in T will not have yet been through the
compleménting gate; and, hence, as will be seen in the following paragraph, it would
" be possible for T, Ty, Ty and Ty &11 to be low, Specifically the case, where all
four of these flip flops would be low at P38 during the complementation cycle of a
negative integrand, would be where there is a 0 1 1 1 code following at least one
non-zerc lower significant digit), This delay shifts the integrdand of this inte;-
grator four pulses, or one decimal code group, to the left as viewed on the computers
oscilloscope, A shift to the left corresponds to a shift to a later time such as a
Pulse in P3h shifting to P38' At the following Pl the digits that were in pulse po-
sitions Pygy Pygy Pygs Pyg of T are now in Ty, T, T; and Ty respectively, and Ty

has been turned off ending the shifting process and again recirculating the'remain;
‘ing T channel information through the TRIWT term of Gl, The four binary digits that
are now in Ty, Ty, T, and T are permanently lost from the T line; and all remaining

M N
digits, in the T line, of the integrator being typed out at present have now been



thifted to higher pulse positions. Consequently the‘digit of the next highest

raik to that one just typed is now in the position iﬁ the T line to be typed

out next, using the same procedure as outlined above,

if Tc is on, indicating a negative integrand, while this shifting is taking
place, the complement of Y is entered into the TK:flip flop by the TﬁTc terms of
G5 and stepped into T, TM, TN and To in the same manner as previously describedo
The sign of the integrand will be typed as the commutator reaches the 7" segment
during the third cycle, On the § segment of this gycle Tw and Tg will again be
turned off, Now that Ty is off and Ty is on (see above description of the 2nd
commutator cycle) TC of G6 will be turned on by the first pulse in the T channel,
Since Ty; goes off with an Ec pulse, this huhting for the first pulse in the T
chermel will always start at the beginning of an iteration cycle, Since the Pi»
nc Pé pulses of the first typeout integrator have already been lost, the first
rulse in T will be the least significant non-zero binary digit for the least ,
significant decimal digit of the integrand of the integrator that is to‘be‘ﬁypqd
out first, This first‘T pulse will also be read into TK at this time by the
Té?é? term of GS; however, since Tc now becomes true all following ones (unless
the Ieast significant decimal digit is zero, 0011l) will be changed to zeros.

and all gzeros to ones by the Tc terms of G5, This seemingly delay i% starting
ths complementing process, until after the first non-zero binary digit in the T
chsnnel, effectively adds the extra one to the "nines™ complement of the'Qecimam
integrand that is required to obtain the "tens“ or true complement, If the

least significant Y digits are zero (001l) they must be again copied in the T
channel unchanged, or in another form that also represents zerc, even during
complementings and the ih%erting of all the remaining binary digits should not
commence until after the first non-zero binary digit of the first non-zeroc decimal

code group, For example, if Y is 1100, 1011 1001 1010 0110 (Y= -0.1327), the
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complementing gates will give 0011.0100 0110 0101 1010. As another example, if
Y is 1I00. 1011 1010 0011 ool (Y= -0.1300), the complementing gates will give

0011, 0100 0110 1101 1101, The code, ll% corresponds to "]lﬂ" but the decoding

matrix of Fig. IX-b (/relays) will decode it as "o"' for typeout provided the
/o relay is not activated ( mu is only closed in Gross Read Out). T, will be set
off agsin by the term, ol'r 'B‘I'KTu,at the end of the first Y digit code if this code
represents a zero. T TKTM represent zero at this time since the least significant
binary digit which is @ one will be in Ty the cpntent qf TE,(holding the 2nd
digit) is unimportant as thefe will be no 000l codes in the T line; Tg will be
high e&s the third digit fr;)m the T line has been inverted from O to 1 by the start
of the complementing processy and the most significant digit will be in T as a
zero, not having yet reached the complementing gate, T, will now be off‘at 0z
times, hence, Ty will remain on, When T, is left om, following the first non-zero
Y digit, Ty is set off by the 05T, term in G2, causing T, to remain on for the
remainder of the iﬁtegrand. In this way T; serves-to direct the inversion of the

code bits as they are entered into the Ty flip flop from the T flip flop.

A? the end of the first typeout integrator, Ty will be set ;>n again by the Pag (T+TK§, -_
Tﬁ*’l’ml‘ej term in CGl, At this time, the units digit of the first typeout inte-
grator will be shifted into the Tyy Ty, Ty and Tyflip flops. 'The code held in these
flip flops for the typewriter will be 0011l or 0100 for typing "o or "1" respectively,
If the inteérand was complemented, Tc will be set off when the commutator reaches

the )| segnent (G6). The typeout of the units digit will be made at the 7 segment.

The shif$ing of the integrand to the left and the typing of each digit as. it is

shifted out of the left end of the integrator will proceed with each cycle of the
commutator until the first type'out integrand is completely shifted out of the inte-
grator. The P]LT and P2T pulses in the next typeout integrator cause a space and the
next sign to be typed, The second typeout is then complemented if negative and
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shif+ed out in the same manner as the first.

When all the typeout integrands have been processed in this manner and TW is

set' off in the & segment, ’l’w wii].l stay false for c;ne complete machine cycle and
‘hen be set true by EcTan The pulse recorded at E o time in the T channel during
the loading operation will not be recirculated any longer by Gate 1 (the T channel
will now be completely cleared) but w:Lll cause the T&EGT terms in G5 at this time

L M w

‘1110' in TK'?’ TL’ TM and TN will be typed as a carriage return (CR) at the next

segment, The next time T, sets T _off it will again remain false for one ma-
é W

to set T. and T on and the T 'Tc"T 33/38 term to set TK on, This output code of

chine cycle until it is again turned on by the ECTW" term. The TT?GEQTB term in G5
will set T on at this time, making the output gode ‘0001 for punching another
no-action code (NA). Also the TW'ECT‘ term in G13 sets Ty off, de-energizing the
commtbator release solenoid and stopping the commtator approximately one cycle
1lzier, If a function tape is being made,,t_he no-action code is punched at the T
.segme:;t of this last c'onmmf.ator cycle, Whex.z the commutator reaches the § segment‘
for the last time in a typeout opergtioh, the T;I;'T S term in G13 sets Ty off and

the TR? term in Glh sets T off, The read out unit is now ready for another loading

; g
of the T channel, which begins immediately, and the corresponding read out.

The output codés , held for typeout in TK’ TL’TH and T, are translated by the Vo

N9
relay "tree" to operate the typewriter, as shown in Fig. IX~b and indicated in the

following table. (See next page).



T.T.T.T

K'LMN Typewriter Character .

0000 space

0001 (NA) no action .
) (not typed)

0010 -

0011 0

0100 1

01 6 1 2

0110 3

0111 L

1000 5

1001 6

1010 7

1011 8

1100 9

1 i OAl

11 1'0 ) (CR) carriage return

The-period code, 11 11, is not obtained in the Read Out Operation,
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7.2 Gross Read Out

frosz Reed cut is a method of reading out the entire contents of the machine onto

a paper tape so that all of the ini‘ormation may be re-inserted back into the computer
" at some later time, This is ;ccomplished in two steps which may be {aaken in either

orders reading_out all of the arithmetic information together and reading" out all

of the address information together., Read out information is filled into the

Tgs Tos Tq and ‘I‘N flip flops at the Asegment of the read out commtator., After

L
the correct selective armature solenoids of the tape punch have been energized by
these signals through corresponding relay drivers and the relays, an activate
signal derived from the T segment by means of the’&-’ relay energizes the main sole-
noid in the punch causing it to operate. The & segment of ‘the timer then clears
these output flip flops preparing them to receive the next infomation that is to

be punched on the tape.

P initiate a Gross Read Out, the operator must set the Read Out switch to G, the

Zead In switch to any other position but G, and the FillwldiéaRun switch to Fill, o
This makes@(@ross) high, (Not. Gross) low, @(Gross In) low, (Not Gross Out)
iow, and(Fill, marual) high. The DISPLAY switch is set to either the addeess side;
making@high, or to the arithmetic side, making '@highs, depending upon which type
of information is to be read out at this time. A marker pulse is then recorded in

the T chamal at P time of the first integrator to be read out, In é Gross operation,
@tme? this marker pulse au‘bomatically goes in at P time of S‘r/when the MARKER button
is pressed (see G16, Fig. VIII), this corresponds to the P position of the scope dis-
play at this setting. This pulse in the T channel. constitutes the starting point for
a gross read out of informationj it will step to the next ha.gher pulse time for each
conmutator revolution, and in this way it serves as an 1ndlcator of the magnetic drum

position that is to supply the next bit of information that is to be read out,

L
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" Next the INTEGRATOR SELECTOR switch is set to the mumber corresponding to the

. last integrator to be read out; after the marker pulse has advanced to P38 time

of this integrator the read out process will automatically stop.

After all of the above preparations have been madég‘the read out process is finally
started by pressing the Read Out Start button (located in the center of the Read
Out switch); this makes<:)high which in turn sets J<x1%§3) as in the typeout scheme
previously described in Section 7.l.1l. At the first ECjTTT will be set on; and, at
the next E,; TR will be set on., When TR is set on the same Ec pulse sets Ty on s0
that TK, TL, TM and TN will.be set to - OQO§? §n§tﬂa8 An typeout, The commutator,
which was released when TT was set on, moves from the & segment to the }ksegment at
which time the gate in G9, Lh 8(:)T31(2>, bgcomes true at PBB time of the integrator
preceding the information to be read out (the marker pulse is in T at P, time and,

‘hence, in T __ at P__ time of the previous integrator).

al 38

If @is high during the read out, the ones, that might be in the Y, Y., X, and I
address channels at the P38 time preceding the'read out information, are set inte

the Ty, Ty, Ty and Ty flip Flops respec‘hive]y by the.L terms of G5, Ii"‘ ;LS
high during'the read out, the I, pulses are gated into L (G8) and are then used to
gate the ones in the Rh’ RB, R2 and Rl flip flops into the TKQ TL9 g{and TN flip flops
respectively (L terms of G5), Since no information is ever held in the arithmetic
channels at P38 time, no "ones™ will be gated into TK’ TIP TM and TN during the first
commutator revolution at the start of the read out procésso Consequently, if arithme-
tic information is being read out, the first code that is'punched on the tape is the
no-action code 0 0 0 1 corresponding to the one set into ’I‘N by the TTTR“E term of G5
as explained above, If address information is being read out a no-action code will

also be the first code punched if there is no information in the address channels at

P., of the integrator that immediately precedes'the first one belng read out; however,

38
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if there is information in Y,, Y, and/or X at this P,g time it will be transferred
intc the TK’ TL and 'rn flip flops and punched out, as well as the one held in Ty

as part of the first code, Whatever this first code turnms out to be, this is the
nlace where the tape must be entered into the reader for s Gross Read In, - As in

viie normal typeout schemé (Section 761075 Tg will be set on in the %segmen‘t of

the commutator. | Then aﬁ the T segment‘the e:;trane@us code held in TK9 TL9 TM and

'I‘N will be punched in the tape. However, during the & segment TW will not be set
off,. as in nor;dal typeout, due to th term in Gz this disables most of the type-
out procéss previously described. Since TW remains onng remains on causing T{ (G11)
and, hence, M (G10) to be true for the entlre@tlmeo Mg is sent to the Fill Unit
where it s:\.gnal'= the marker pulse to move to the next highest pulse position (one
pulse posn;lon to the left as viewed on the computer’s oscilloscope}, The marker is
shifted in a similar manner to that described in Section 6,2 for Manual Fill, Hg
from G310 causes M (612 Fig, VIII) to go high, and M in turn triggers on G (G13,
¢igo VIIT), During Gross Read Out, however, G, is turned off by tne@temo G,
. operates in the same manner as always; and the two of them, C‘i1 and 629 perform their
ﬁsQal functions in G016 of Fig, VIII, with Hg rather than@c@ntrglling the shift to
the left, however, T $ also clears the Ty, Tp, Ty and Ty flip flops (G5) preparing

them to neceive the next bit of information to be reéd outo

On the second passage of the commatator through the Asegmen‘tg Lh will be high at
the first pulse time of the first integrator to be read out, since the T pulse has

siiited one pulse position to the left, Depending on@ orbeing high, the ad-

dress or arithmetic information at this pulse time }Jflg]..l be set inte Tg, Ty Ty and
TN (there will be no ones in the arithmetic channels at El time, see Figo II1), This
jinformation will then be punched at the 1 segment, then the marker shifted to the
left and the output flip flops cleared again at the é segment, then the proper infore

mation in the next pulse time '(P2> will be set into the output flip flops at the
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;lsegment, etc, The contimuation of this process is straight forward until the
*mﬂkef appears in the T,y flip flop at P37 time withigho The Rys R,; R, and
R1 flip flops will always be false at this pulse time, 'consequently, this time may

be used to read out Z line information. The most recent dZ output of the integrator
being read'éut can be read in Za together with Zas at P37 and then punched on the |
tape at the corresponding position. When the marker is found in the Tal flip flop
‘at the )\segment, Lh‘(G9) and, hence, L (G15) become true. The P37 Ly terms of

G5 then gate the contents of Za and Zas into TL and TK respectively, and this latest
dZ output is then punched on the tape at the next"tj'segment° Za and ZaS are the
delay flip flops which hold the most recent dZ output of a given integrator at P37
time"of'ﬁhe same integrator (see Output Unit discussion in Section i), When this
process reaches the point where the information in P38 of the last integrator to

be read out is set into Ty, TL, TM and TN’ the TT flip flop is set off by the P385%L11
*te?ln in‘ G13. The commutator, controlled by TTﬂ then completes its cycle be-
"fore it stops and punches this final code. TR is set off when the § segment is

reached. The T,' in GlL then sets Tg off, and the gross read out operation is termin-

R
ated.

7.3 Gross Read In

Gross Read In is a method of re-inserting into the computer a problem that has pre-
viously been punched on a paper tape during a Gross Read Out. Consequently, gross
£i11 includes most of the operations of gross read out and uses the same commutator

to control the operation.

To initiate a Gross Read In, the operator must set the Read In switch te the G po-

sition, the Read Out switch to any position but G, and the Fill-Idle-Run switch to

Fill. This makes()(Gross) high, (G) (Not Gross) 10w9®(Gr@ss In) high, (Not
Gross Out) high, and@(Fin, marual) high, The DISPLAY switch is set to either an
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Aadress position @me) or an Arithmetic position @true) depending on which
s257<on is to be filled from the tape at the present time. The tape is set in the
reader on the extraneous code that was the first character punched in the Gross Read
Cut operétion. The integrators that are to be used should be cleared, and then a
marker pulse is inserted at Pl of the first integrator that is to be filled (this
marker pulse will be in the T flip flop at Pl). As previously explained the marker
pulse automatically goes into the T channel ag Pl time of the selected integrator -
when the MARKER key is pressed wi’oh@and@both true. The first integrator that
is to be filled need not necessarily be the same integrator that initiated the read
out process as a relative shift of all integrators will not necessarily affect the
computation process (see Opefation Manual Section 2,12), Next, the Integrator Se-

lector switches are set to the last integrator to be filled, and the read in process

is started by pressing the Read Out Button, malking(P)high.

fietivating the Read Out switch turns J, TT and TR of G13 on and releases the rotor
oI the 'read out commtator as discussed in the section on Gross Read. Out, Tg is
turned on at the Asegment. A ground signal, ’L’R, is sent from the T segment through
the Read In switch (only if this switch is set on G)v to the stepping solenoici of the
tape reader. The tape reader will advance, therefore, a’c. the T segment during gross
read in, but the tape punch is turned off so that it will not be operated by Tas

it was in the case of gross read out.

On the first passage of the commutator through the T segment the reader will be signal-
ed to advancg from the extraneous Jcode to the Pl information that is to be filled. Th;
tape information will be read by the 0lrelays, operated by the tape reader fingers,in

- the same manner as for automatic fill, At the ¢ segment the P, information from the
reader will be filled into the address or arithmetic channels, depending upon whether

or@is true. Also at & the marker pulse in the T channel will be shifted to the

left as Mg of G10 will be true (see Gross Read Out Section 7.2 for discussion of how
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the marker shifts during a gross operation),

r

1f®13 high, the gate F @@ JT G1 in G9 sets the information from the reader
into the address channels; this is q¢complished by the F terms of G20 in Fig, VIII,
Fill Unit, This filling into the address channels -of the information held by the &

relays 1s accomplished durfﬁg the drsegment before the marker is shifted, as théimarker

shift depends upon both G

If.ls hJ.gh, the @ 5

during Gross Read In if the DISPLAY switch is set to an arithmetic positiono The in-

1 and G2 being true while Fg depends only on Gl°

erm makes F high (G7 Control Unit); i.e. F, is always high

formation from the tape will be read into the four arithmetic channels in parallel
through the:F signals of G15 of the ?ill Unit; Vl will always be off during gross fill
making A high and the effective term of this gate. As in all fill operations the F
information is filled into the arithmetic channels through G6 of Fig, IIIO‘ Also as in .
s11 i1l operations, the information held by the F's will be timed into the arithmetic
channels by F_ which is now being controlled nythg'iiplﬁr ¢ itg?nogiGlo of the Fil;

' .Unit. Since T, Teceives its information one puise time earlier than does T, F and

T will contain the same information at the same time during this fill process;~henceg
information will be placed into the arithmetic channels during each commutator revol-
ution at the pulse time corresponding to the present position of the marker pulse., The
" marker pulse will be shifted in the T line during the following pulse time after the
recording of the present tape code in the arithmetic channels, as the marker is ‘delayed

by the SA flip flop during a shift to the left (see Fig, VIII).

When the marker is in the T flip flop at P37 time, ami@ibis high, the reader will be
~on the dZ output information of the integrator presently beingbfilleda The Fg and Fg
signals developed in Gl0 are used in G3 of the Output Unit, Figure V, to insert the
d2 output from the tape into the'output recirculation logic, Ta2 is used in the Fs

~and Fe gates as the marker pulse will occur there two pulse times prior to being in



whe T flip flop, or at P35 time (see Fill Unit), Since P35 is the time new outputs

472 antered into G3 of the Output Unit to be recorded on the Z lines during compu-
tation, this is the correct time to fill in the ocutputs that were obtained during
a gross read out; an output from the tape, therefore, will be interpreted by thé
Z line logic as a new output from the integrator that corresponds to the present,paéisﬂ
‘£ien of the marker pulse in the T channel, Once recorded on the Z lines the in4
formation will bé retained in the lines in the same manner as during idle (see Section
h.i). The dZ information is filled before the shifting of the marker as both F, and
Fe are qualified by Gl and not also by G2, while, as noted previously, the marker

shifting depends upon both G, and G2 being true. This dZ information will also be

1
recorded as extraneous information in the arithmetic channels, R3 and Rh9 at P37 time,
in the same manner as all of the pre;icus arithmetic information was filled. This
axtraneous information will remain unchanged in the R register as computation is re-
stricted to P2/36 time during every integrator by G9 of the Arithmetic Unit. Hence,
this extra information in the R register will not interfere with computationj how-
aver, it must be removed manually, in the event a second gross read out is required;

.

in order to ‘again punch out the correct dZ output information.

The marker will proceed to advance from pulse position to pulse position and from
integrator to integrator, determining the correct position to entef the new infor-

{ mation from the reader into the computerfs memory system in the manner outlined above,
.gntii this marker pulse reaches the position ?orrespcnding to the 938 position ‘'of the
int;;rator selected on the Integrator Selector switches, At this point the’PBBSTLh

term of G13 will turn T,, off terminating the gross read in process in the same manner

T
as gross read out was terminated (Section 7.2). With the appropriate Console switch

settings, the computer will be ready to compute, carrying on the computati@n from the

point in the problem where the gross read out was effected,



PLOTTER UNIT

8.1 Plotter Unit Operation

The Plotter pnit, Figur; X, serves as a means of selecting specific integrator
outputs, and transmitting these outputs at an appropriate impedance level to ex-
ternal equipment such as graph plotters, graph followers or a D-12 Coupler., Gate
1 develops four signals for e;ch plotter, one each to signal the plotter to move
in the +X, -X, +Y and -Y directions. P,, and P,, are signals true during Pé/ﬁs of

11
159 and 102 respectively (see G16 of Control Unit). During I,,'Z and Z g hold the
latest output of I; , while Z, andr'xbs hold the latest output of 1132@ Consequently,
thallxl expressions of Gl select the outputs of I58 to transmit to a graph plotter
while theAYi's select the outputs of I, the (X,'s select the outputs of Igys and

the AIz‘s select the outputs of IOO'

The gates of G2 are similar to those of Gl but are developed for use with a D-12
Coupler and their operation is included in the discussion on the Coupler, The gates
- of G2 may be simply altered to conform with those of Gl if the user requires more

than two graph plotters; four additional plotters may be operated in this manner.
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