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PREFACE

This manual describes a computing machine called ORDVAC
which has been constructed by the University of Illinois under
a contract from the Ordnance Department for the Ballistic Research
Laboratories of Aberdeen Proving Ground. The number of this con-

tract is:

Contract No. W11-022-ORD-11362

RAD ORDTB 9-10675

ORD Proj TB3-0007J

Negotiated under ASPR 3-205
The contracting agency was the Chicago Ordnance District. The
period of the contract is April 15, 1949 - October 31, 1951.

The logical structure of ORDVAC is patterned after a
machine described in the June 28, 1946 report, "Preliminary Con-
sideration of the Logical Design of an Electronic Computing In-
strument” by Burké, Goldstine and von Neumann of the Institute for
Advanced Study. The University of Illinois received helpful in-
formation and suggestions arising from discussions with J. H.
Bigelow, H. H. Goldstine and J. H. Pomerene of the Institute for
Advanced Study, especially during the early period of construction
of the ORDVAC. In addition drawings pertaining to the arithmetic
unit and memory of the machine at the Institute for Advanced Study

were furnished to the University of Illinois and some parts of these

drawings, such as the registers, have been copied for ORDVAC.
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While it was first planned toc build ORDVAC from circuit
drawings obtained from the Institute for Advanced Study, this in-
tention was later changed and most of ORDVAC is constructed from
circuits designed at ££e University of Illinois but using the
fundamental flipflop, gating and cathode follower circuits originally
used at the Institute for Advanced Study. The registers, complement
gate and clear drivers were copied from the machine developed at
the Institute for Advanced Study and the Teietype units are of the
kind developed at the National Bureau of Standards for the Institute
- for Advanced Study. ZExcept for these, responsibility for the design
of ORDVAC rests with the University of Illinois.

The University of Illinois has received the cooperation
of members of the staff of the Ballistic Research Laboratories in
the procurement of materials, and the assignment of members of the
staff from Ballistic Research Laboratories during the final phases
of the construction of ORDVAC. The staff members so assigned are:
Dr. P. M. Kintner, Mr. G. H. Leichner and Mr. C. R. Williams.

Dr. L. A. Delsasso and Dr. R. F. Clippinger of the Ballistic Research
Laboratories h;ve followed the work from its inception.

Through arrangements made by Dean L. N. Ridenour, the
University started the construction of ORDVAC about April 15, 1949.
The construction of the machine has required the efforts of a

number of individuals. Those who have been associated with the

work during the major portion of the total period are:
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K. W. Bartlett G. W. Michael

E. L. Hughes J. P. Nash

W. E. Jones J. E. Robertson
T. E. Kerkering T. Shapin, Jr.
R. L. Liu A. H. Taub

H. E. Lopeman H. M. Walker

R. E. Meagher J. M. Wier

An additional number of persons have aided the work during

a part of the period. These persons are:

T. J. Bigelow E. F. Moore

G. F Bland Mrs. A. L. Searls
Mrs. Caroline Brown M. D. Shapiro

J. P. Cedarholm A. F. Spero

D. R. Clutterham R. W. Tackett

Mrs. Helen T. Ernst D. J. Wheeler

D. B. Gillies D. G. Williams

Mrs. Natalie R. House Mrs. Dorothy M. Wilk

The ORDVAC was provisionally accepted (pending delivery)
by the Ballistic Research Laboratories on the basis of tests conducted
between November 15, 1951 and November 25, 1951 at the University
of Tllinois. The machine was dismantled starting February 11, 1952
and shipped to the Ballistic Research Laboratories on February 16, 1952.
On March 5 - 6, 1952 it successfully performed the three final acceptance
tests consisting of: (a) the operation of the "final test” routine
for twenty hours with one error, (b) the operation of a memory "read-
around” test routine requiring that the memory could be consulted
10 times at each of its addresses without caus}ng a failure at any
other address; this was repeated five times, and (c) the operation
of a memory flaw test for 30 minutes without an indication of a

failure. The ORDVAC was moved to the Ballistic Research Laboratories
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under contract:

DA-11-022-O0RD-680

SUB-RAD 52-56

ORDTB 2-1002

Project TB3-0007

The work in the University has been administered chiefly

by an executive committee of the Computer Sub-committee of the
University Research Board. This committee has consisted of:
Professor N. M. Newmark, Chairman, Professor A. H. Taub, Vice-

Chairman, Professor R. E. Meagher and Professor J. P. Nash.



ORDVAC CHARACTERISTICS

Machine Type Parallel, Asynchronous
Register Capacity 4O Binary Digits
Memory Cépacity 1024 Words of 4O Binary Digits
Adder Carry Time 9 1/2 Microseconds
Allowed Carry Time 13 "
Addition Time ) L) "
Multiplication Time (all ones, positive 1040 "
multiplier)
Multiplication Time (all zeros, positive 610 "
multiplier)
Division Time 1040 "
Memory Period 24 "
Time to Load Entire Memory 38 Minutes
Time to Print Contents of Entire Memory 38 Minutes
Number of Tubes | 2718
Machine DC Power 8.3KW
Machine AC Power 8.8KW
Total Primary Power (Including Power Supplies I5KW
and Blowers)
Kind of Input 5 Hole Teletype Tape
Input System (Space is 5 holes) Sexadecimal
Output System Sexadecimal Teletype
Number of Digits Assigned to an Order g
Number of Digits Assigned to Memory Address 10
Number of Orders Available Greater than 50

NOTE: Time measurements are to # 5%. Arithmetic operation times do not
include time for obtaining operands or orders from the memory.
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CIAPTER 1

GENERAL DESCRIPTION OF ORDVAC
The purpose of this chapter is to give a brief description
of the various parts of the electronic digital computer called
ORDVAC and to discuss the over-all organization of this machine.
Since various parts of the machine use different representations
of quantities with which the machine deals, it will be necessary
to review briefly the "languages" employed by ORDVAC and the methods

existing in the machine for dealing with these languages.

1.1 INTRODUCTORY REMARKS. ORDVAC is a general purpose
computer capable of carrying out individual arithmetic oper#tions
at high speed. If this machine were to be used aé a desk calculator
where each individual operation would be selected by hand and if the
numbers to be operated on were also provided to the machine by hand,
the time saved in carrying out the arithmetic operations would not
materially reduce the time of a complete calculation involving a large
number of operations. The reason for this is that the time required
for arithmetic operations is usually only a small fraction of the time
required to carry out a mathematical computation. A machine which
is to do computations rapidly must therefore be designed in such a way
that it can do automatically those operations which a human operator
with a desk calculator must do with his fingers or with paper and

pennil. This has been. accomplished in part in the ORDVAC by providing



it with an aggregate of 40 cathode ray tubes and 800 vacuum tubes
called the memory.

In order to use ORDVAC effectively in any computation its
memory must be fully or partially filled before the problem begins.
This is accomplished by the part of the machine called the input.

It uses teletype tape previously prepared by an operator using

tape preparation equipment. However, ORDVAC is capable of controll-
ing the operation of its input in that it can determine when to read
information from the tape. The present input to ORDVAC 1s capable
of filling the entire memory in 38 minutes.

ORDVAC is capable of printing out information from its
memory. The equipment used for this purpose 1s called the output
and includes two teletypewriters. Teletype tape may also be
punched by ORDVAC if it is desirable to have the output on tape.

The equipment used‘for output is in some part the same as that used
for the input and it is convenient for the purposes of thils discussion
to refer to the equipment mentioned in this and the preceding paragraph
as the input-output equipment.

The part of ORDVAC capable of carryjng out arithmetic oper-
ations on numbers supplied to it is called the arithemtic unit. It
consists of about 1100 vacuum tubes and is subdivided into the follow-
ing units whose functions will be described in Sectiom 1.3: Two
double shifting registers RI, and Ryy, a register R3,complement gates,

an adder, a digit resolver and clear drivers.



ORDVAC is a parallel machine. That is, most operations
performed on a set of digits which may represent a number or all
or part of an instructiqn to the machine are performed simultaneous-
ly on all the digits. For example, when a 4O digit number is trans-
ferred from the memory into a register of the arithmetic unit, all
digits are transferred simultaneously. Similarly when a number in
R3 is added to a number in the accumulator, the steps in this pro-
cess are carried out on all the digits at the same time.
The remaining electronic circuits in ORDVAC, consisting
of about 500 tubes, constitute the control. These circuits are
primarily combinations of four kinds of logical elements:
1. The flipflop, |
2. The "and" circuit,
3. The "or" circuit,
k., The "not" circuit.
The flipflop is a device which can indicate one or the other of two
states and which can be changed from one statg to the other. The
two states can be indicated in any of a number of different ways
such as, for example, "plus" or "minus", "yes" or "no", "on" or
"off". In the ORDVAC the names given to these states are "zero"
and "one".
The other three logical elements perform functions which are
quite well described by their nemes. The "and" circuit has two
inputs and one output which will have a signal on it if, and only if,

there is a signal on each of the inputs. The "or" circuit is similar



except that there will be a signal on the output if there is a
signal on either one or the other of the two inputs. The "not”
circuit has a signal on its output if there is no signal on the
input and no signal on the output if there is a signal on the in-
put.

The state of the machine at any time may be defined by the
state of the flipflops in the machine. It is the function of the
control to determine the state of ORDVAC and to change this state
in accordance with the instructions provided to ORDVAC via the

input and the memory.
1.2 NUMBER SYSTEMS USED BY ORDVAC. ORDVAC uses several

number systems. The basic one is the binary or base-two system.
This system is convenient because it requires only the two digits

0 and 1 for number representation and therefore flipflops or any
other two-state devices can be used. Moreover, the logical structure
of the machine is based upon a two-state logic (where all decisions
are of the yes - no type), so that an over-all consistency is ob-
tained. Many operational economies can be realized with a binary
system, and the disadvantages inherent in an unfamiliar system can
be overcome by requiring the machine to make all of the necessary
conversions to and from the decimal system. The ORDVAC arithme-
tic unit has a fixed point number system and hasdles numbers in
the range -1 to 1. ORDVAC can be programmed for any number system.

The fixed point system requires a simpler control. Numbers



must be scaled to stay within range.

The choice of the range -1 to +1 1s dictated by the
fact that the product of two numbers in this range is likewise
in range. The manner of handling negative numbers is chosen
because of the simplic.ity of addition and subtraction. These

operations are discussed fully in later sectioms.

Binary Numbers. In normal operatiomn ORDVAC uses a

representation in which numbers are represented by 40 binary
digits. The leftmost digit is a sign digit and the other 39

digits are genuine binary digits, with the binary point immediately
to the right of the sign digit. However, the arithmetic unit
treats the first digit (the sign digit) as an ordinary binary digit.
This means that the machine will represent numbers by using the
range from O to 2, and we shall see that we then have numbers in
the range 0 € x € 1 represented by numbers in that same range while
numbers in the range -1 £ x € O are represented by numbers in the
range 1€Xx<2.

The usual nomenclature is to refer to the leftmost (or
sign) digit as 20, the next as 2-1, and the rightmost (or least
significant) digit as 2-39. For numbers between O and 1 the
machine representation is correct if zero in the sign digit re-

presents a plus sign. Thus

a.o. 8.1 8.2... 8.39

a, = 0O,a, =1, 2 for i =1, 2, ... 39

Correctly represents
0 1

- -39
2 a +2 a_. + eeo + 2 a_ .
0 1 39



Addition of two such numbers performed in the arithmetic
unit will lose the carry from the zero position since there is no
place for this carry to go. The arithmetic unit carries out addition
of positive numbers modulo'2, that is, the answer is correct except
possibly for some added multiple of 2. Note that any adder with
a fixed number n of places adds only modulo some number m. The
value of m depends on the position of the "decimal" point and can
be at most bn, where b is the base of the number system.

The machine representation X of numbers x in the range
-1<£ x<1 is uniquely determined by the fact that addition is performed
correctly modulo 2 and the fact that any real number agrees modulo
2 with one and only one number X between O and 2. If x is restricted
to the range given above then there will be only one x corresponding
to a machine number x. The method of determining the representation
of any number x is then to find an s such that X = x + 28 is in the
range O to 2 and to digitalize X. For x in the range 0£x<1, s = 0,
X = x, and for x in the range -1€ x<0 s =1 and X = x + 2. That
is, negative numbers x have an X between 1 and 2.

Thus the positive number

x =2t a, + 272 &y + ... 239 839

has the machine representation .
X=X= O.al a, .- a39

The negative number
X = -(2-1 8, + 2-2 8, + ...+ 2-39 839)



has the machine representation

xmx+2mx+20 42 4 . 42739 4239
o ' - - -
=2° 4+ (1 - al) 2 1 + (1 - ag) 2 2 + ...+ (1-a39) 2 39+ 2-39
- -2
20427 4 27y cee + 2739 -39
= 1 2-1- ‘b39+2
where Dy = 1 - 8, (i=1,2, ... 39).
That is, the machine representation of -(2‘1 a; + ... p=39 a39) is
obtained from the machine representations of (E'lal + ...+ 2-39 339)

by changing every O digit into a I digit (including the sign digit),
adding a one to the last place and performing all the carries involved.

For example, the machine representation of

-1/8 = -(0.001) 1is

2 -1/8 = 1.111 = -1  7/8

Binary Decimal Numbers. The Teletype equipment used in

ORDVAC furnishes an automatic conversion between the decimal number
system and the binary - decimal one as well as the inverse conver-
sion. The latter number system is one in which each decimal digit is

replaced by its binary equivalent as follows:

DECIMAL BINARY

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

O O~ 0O FWMN O



The binary-decimal equivalent of anr m digit decimal
number is then a 4 m digit binary number obtained by replacing
each decimal digit by its binary equivalent and preserving the
order of the digits. Thus, for example, the binary decimal equiva-
lent of

5389
is

0101 0011 1000 1001

The conversion referred to above is accomplished as follows:
The teletypewriter and perforator have been modified so that only
15 keys, a zero bar and two space bars are left on the typewriter.
When a key labeled with a decimal digit is depressed the perforator
cuts a row of holes into the tape, the number and position of the
holes in the row being determined by the number and position of the
digits in the binary equivalent of the decimal digit on the key.
A space is indicated by five holes (ones) on the tape. The letters
KSNJFL are used to represent the binary numbers 1010, 1011, 1100,
1101, 1110, 1111, whose decimal equivalents are 10, 11, 12, 13, 1k,
15 respectively. Figure 1.1 shows a tape with the numbers from O
to 15. N

Conversely one may convert from the binary-decimal representa-
tion of numbers to the decimal one by supplying instructions to the
teletypewriter in binary decimal form and having the teletypewriter

print the corresponding decimal digit.
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1.3 THE ARITHMETIC UNIT Before describing the algorithms

used in ORDVAC for performing the various arithmetic operations we
shall 1list some of the properties of the arithmetic unit. A Dblock
diagram is shown in Figure 2.1 of Chapter 2.

The Accumulator Register Rl consists of 40 flipflops. With

the similar register R:L and gates for transferring digits back and forth



to Rl, it makes up the double register RI. Because by using Rl,

its contents can be shifted left or right, Rl is a shifting register.

R1 is the register which ultimately receives sums from
the adder, although these come via Rl. It is the only register
whose contents can be sent to the memory. It also receives the
contents of the input tape.

Everything that is done by Rl is achieved by using a se-
quence of clearing and gating operations. Thus the "language" of
the accumulator register and the registers to be described below
is that of clears and gates. The detailed organization of the
registers will be given in Chapter 2, where it will be shown how
the properties of the registers listed in the preceding paragraph
may be achieved from a sequence of clearing and gating operations.

The Arithmetic Register Rp is a structural duplicate -of the
accumulator register. It, the register R2 and certain gates make
up the double register R;;. The registers R, and R, are interconnected
by means of Rl and R2 and gates so that certain digits lost in one
of these by shifting may be stored in the other. Like Rl, R2 is a
shifting register. It can receive numbers from the memory and its
contents can be sent to the number register R3 or to the output
printer or tape punch.

The Number Register R3 15 a single bank of 40 flipflops with
gates and clears. It can accept digits from R2 or from the memory
and can transmit its contents to the adder either directly or via a

component called the complement gate. This latter device gives the

10



complement of every digit to the adder - digit resolver complex and
inserts a carry into the least significant stage of the adder as is
required in order to form x - y by the process x + (:§). Thus the
machine representation'of -y is répresented in the adder by reading
the digitwise complement of y in R3 through the complement gate and
inserting in the adder the 2-39 required.

The Number Register R3, with the Order Register R,, makes

3}
up RIII' However, there is no connection between R3 and RS and RIII
is not a double register. No shifting occurs here. The order re-

gister receives orders from the memory and is a part of the control.

The adder-digit resolver complex forms the sum modulo 2 of

a number in the accumulator and a number in the number register and
presents this sum to R1 which may receive it when certain gates are

opened.

1.4 ARTITHMETIC OPERATIONS. All of the arithmetic operations

of ORDVAC are automatic in the sense that a single order is required
for each one and the sequencing is then automatically programmed.

Addition and Subtraction. If the augend (minuend) is in

the accumulator and the addend (subtrahend) is in the number register
then the output of the digit resolver presents the sum (or difference
depending on whether the complement gate is not or is used) to the

1
accumulator via its upper set of flipflops, R .

Doubling and Halving of Numbers. The machine representation

of 2x and x/2uis obtained from that of x by a shifting to the left

11



and right respectively of the digits representing x but special
arrangements must be made for the sign digits. We shall now dis-

cuss this point. If O & x<1 then its machine representation is

$=x=2ta +22 8 +...4+23%_ =o. a, a

1 2 39 &

e B39

The first 40 digits of the machine representation of x/2 are:
0 -1 -2 -39
(x2) =x/2=2" 04+2™0+2 8) ..ot 277859m 0.0 &) a, TRLIVE

However if -1 & x<£0 the machine representation of x is:

- 0 -1 -39 -39
X2 4+ x=2 +2 bl+ eee + 2 b39 + 2

The first 40 digits of the machine representation of,x/2 are:

0 -1 -2
(x/2) =2+ —5—=1#1/2 (24x) =21 4+2 142 byt ek 2 7 by,

= 1.1 bl b2 ces b38.

Hence if the contents of the accumulator are aO, al, ‘e a39 and these
digits are taken to be the digits of the machine representation of a
positive or negative number with binary point placed between aq and
al then the sign and first thirty-nine binary digits of the machine
representation of one-half the number are 8ns 8y oo a38. The
operation of changing the contents of the accumulator in this manner
is called the right shift. This is one of the orders that the machine

can execute. In this process the digit a39 is placed in the first non-

sign position of the arithmetic register R2, and the non-sign digits



of this register are shifted right, the thirty-ninth being lost.

The right shift order is accomplished by the control's directing

a sequence of clears and gates in RI and RII'

In discussing the doubling of numbers we must restrict our-
selves to numbers in the range -1/2< X < 1/2 for then and only then
do we have -1£2 x¢1. If 04£x¢]1/2, then its machine representation

is:

-2 -39

-3
2 a 4 2 a + ... # 2 a = 0.0 a ... a
2 3 9 2 3

and the machine representation of 2x is:

— -1 -38
(2x) = 2x = 2 a, + 2 a3+...+2 839" 0. a, e.3...a390.

If -1/2£x<0 then its machine representation is:

- 0 -1 -2 -39
X 2 4 x=2 + 2 + 2 b. 4+ ...+ 2 b 1.1 b b, ... b
= 2 39 " 2 3 39

and the machine representation of 2x is:

(2x)=2 + 2x = 2(2 + x) - 2 = 20 4 2'lb2 oot 2'38b39 = 1.bp...b3q0.

Therefore the left shift order which replaces the contents a.o al...

339 of the accumulator by ao a2 ‘e 838’ 0 (and simultaneously re-

places the contents Cos Cqs +ov 039 of the arithmetic register by

Cl’ 02“'03981) correctly gives the machire representation of 2x

for both positive and negative x when x and 2x are in the range -l<x<«l.
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Multiplication. Multiplication is performed by ORDVAC as

a sequence of additions and halvings. This is done automatically
by causing the control to determine a sequence of clear and gate
operations which insure that the required additions (and divisions
by two) are carried out. We shall now review what this latter se-
quence must be.

In the multiplication of two numbers the machine representa-
tion X of the multiplier is stored in the arithmetic register Rp,

The machine representation y of the multiplicand is stored in R3,

and Rl is Initially cleared to zero. The product appears in Rl

and R2. The former register contains the sign and most significant

39 digits, while R2 contains the least significant digits of the
product, these having been shifted in from R1 during the multiplication.
The sign digit of 32 is made zero.

The multiplication process is performed in thirty-nine steps
on each of which the digit in position 2'39 of R2 is inspected. If
2-39R2 = O, execute a right shift which gives the machine representa-
tion of one-half of the mumber in the accumulator, R;. If 2"39 R, =1
add the contents of R3 to R1 and then execute a right shift. At the
same time shift R2 which changes the contents of 2’39 R, After the
39th step subtract R3 from Ry if 20R2 = 1, that is, if the multiplier
1s negative. Finally make 2032- 0.

That these rules give the correct product of x and y may be

seen from the following argument. Let the multiplier be x = o..al a2

.en a39 and let the multiplicand be y with the machine representation

y. The product
P
39
1k



where

+ 8 v).

i,n ~ (1/2)(§n- O-n'

1
The machine representation.of xy is then

539 - (1/2)(i=38 +a)y).
However the machine representation of one-half a number is the
right shift order applied to the machine representation of the
number and the machine representation of the sum of two numbers is
the machine sum (modulo 2) of the machine representation of the
numbers. Thus

xy = Right Shift of (i>38 + alir).
Since §38 is formed correctly by the rules this argument shows that
the rules give the correct machine representation of the product of a
positive or negative multiplicand and a positive multiplier. When
x is negative R2 contains 2 + x, and the rules form the product of
(1 + x) y during the execution of the thirty-nine steps. Hence y
must be subtracted in this case.

If the accumulator register Rl is not cleared before the
multiplication starts, then the rules given above will form the machine
representation of xy + 2739 where d is the number in Ry. By
choosing 4 as 2-1 the contents of the accumulator become the machine
representation of the "rounded off" ﬁroduct of x and y. The insertion
of 2% into the accumulator is one of the orders that ORDVAC can execute.

Division. ORDVAC'S Control can execute a sequence of

clears and gates such that if the machine representation X of a dividend

15



x is placed in Rl and if the machine representation ¥ of a divisor

y is placed in R3, then the rounded machine representation of the
quotient Z appears in R2 provided O<|x||y|<1l. If these inequalities
are replaced by equalities the results of the execution of a division
are given in Table 1.1.

The remainder is given by the contents of the accumulator
plus twice the sign digit of the dividend, all times 2737,

Each step of the division process consists of an addition
(or subtraction) and a left shift of accumulator and arithmetic re-
gister. In any one problem the machine always adds or always sub-
tracts. There is no intermixing of addition and subtraction. The
quotient is fed into the arithmetic register R2 digitwise from the
right hand end. Because the quotient (counting the sign) has 40 digits
while the division takes only 39 steps, the last digit is always'made
equal to 1. This is the roundoff.

To perform a division by this method it is necessary to sense
the signs of three quantities:

(1) Divisor (which is in R3)
"(2) Dividend (which is in R,)
(3) Tentative Partial Remainder (abbreviated as TPR)

The tentative partial remainder is the content of the digit
resolver at the end of any step of the division process. Depending
upon certain conditions it may be used (accepted) or not used (rejected).
If it is accepted, it is shifted left and becomes the true partial

remainder. If it is rejected, the true partial remainder is the

16



accumilator content shifted left onme place.
The rules are as follows:
(1) If the signs of divisor and dividend
(a) ee, subtract throughout the process.

(b) disagree, add throughout the process.

(2) If the signs of tentative partial remainder and
dividend

(a) agree, accept TPR by transferring digit resolver

content, shifted left one place, into Rl‘

(b) disagree, reject TPR by not using digit resolver

content and simply shifting R1 content left one
place.
(3) If the signs of tentative partial remainder and
divisor
() agree, insert 1 as quotient digit into right.
hand end of R2 and shift left with Rl‘
(b) disagree, insert O as quotient digit into right

hand end of R2 and shift left with Rl'

That these rules lead to the result claimed may be seen as
follows: Let ¥ be the contents of R, at the end of the nth step
with Tg = X and let t, be the digit resolver output during this step.

The quantity r is sometimes referred to as the residue. Then

39
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SPECTAL CASES FOR DIVISION

Let x = dividend, y = divisor

DIVIDEND DIVISOR QUOTIENT
CASE I >0 >0 -1 4 2739
o<|x] = |y|<1 <o >0 1427 ¥
>0 <0 1-2"3
<0 <0 1-90%
CASE IT .
>0 -1 Digitwise comple-
Ixl<1, y = -1 ment of dividend
. <0 -1 except for roundoff
CASE IIT
>0 0 Digitwise comple-
0 < 1 0 ment of dividend
¢ Ixl <1, y= <0 0 except for roundoff
CASE IV
-1 0 1.2
CASE V
-1 -1 1-07%
Table 1.1
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- - dgtag
t = (rn_1 - (-1) ¥) mod 2
T =2 rn_1 mod 2 if ad+ bnf 1

= 2 %n mod 2 if agk b = 0,2

where 8, is the sign digit of X, bn is the sign digit of %n , and

do is the sign digit of ¥.

The formula of in may be written as

r -[ 2 {1/2 (1(-1)8*’%“)}11_l +1/2 (14 (-1)%0" Pn En}}nod 2.

n

‘We next define a number rai= rn_1 + 2 8g°

Note that lrn_l‘may exceed unity and hence that fn-l is not necessarily
its machine representation. If lfn-l‘< 1, then fn—l is 1ts machine

representation. We now consider

- d.o‘l‘ ao )
t = (rn_1 +2a - (-1) (y+2 dy) mod 2.

We shall prove later that all r, have the same signs as the dividend.
It may be readily verified by examining the four cases involved that

if b, = 1 -a5 (the tentative partial remainder is rejected), then

rn_ll(y < 1.
If b, = ag (the tentative partial remainder is accepted,

then |y1(|rn_1

mainder is rejected in-l is the machine representation of r,_; whose

'( 2 |y+(2. Therefore if the tentative partial re-

sign is the same as that of the dividend. Thus we always have

T, =2 [1/2 (-1 (-1)a°+ 1}5 Thy+1/2 (14 (-1)a°+bnE] -2aq.
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By using the results given above and further examining

the cases 1t may be verified that

1/2(1 + (-1)30+bn) En = 1/2(1 + (-l)a0+bn)(r . + 2a.0 - (-1)d0"'a°(y+edo)

a
-2(-1) 0
2(-1) _do).
Hence by substitution in the formula for in we have
d . +a a.+b
- (- 0" 0 - 0" ™mn .
r=2r (-1) (1 + (-1) )y

It follows from this by an induction argument that the signs

of L and r, are the same, for the sign of T is that of T,-1°T

0

that of t,, whose machine representation is in‘ The latter case can

occur only if the sign of ¥, is that of X.

Successive substitution in this formula gives

39
-39 doteg -1 agtby
2 r39 =T, -(-1) y 1..21: 2 [1 + (-1) ]

d 48 I 4 b
-z -(-1) 0 O (1-273) - (-1)oyseT (-1 L.
0 Zy

The rules for forming the quotient digits insure that the

contents of Reyat the end of the nth step are ,

2 _384n-1 2. _394n-1 d+ b, ]
7 = o .Z‘ A -1)%0 1]
z Za 2 [1+(1)

q
= -1 &
dd+b
where q =1/2 [1 + (-1) #]
iml

20



Note that

q, = 1/2 [1 + (-1)df)+bi] = 1/2 [1 - (-1)%* a@

since the first partial remainder is always rejected because |-y1)|r0},
The digit q is the correct sign digit for the quotient.

The final number in R2 is

39 39

Zmz 42 q = z__ + 2
39 39 39
since our rules are to Insert a 1 in the last digit of the quotient.
In general we have

7 = z:z-i [1 + (-1), o 1] + 2739
i=l . 39

- - 39 -
. 39 +2 39q + (-1) Z 2 1 (-1)bi.
39 i=1

The number represented by z is

39
. - d -1 b
z = Z-2q) = 1 -2q, -2 39(1 - q39) + (-1) OE 2 “(-1) i,
1=l

39

r__ we get

39
Oy(1-2) 4y (1-2q, - 2'39(1-q39) -z).

Substituting from this into the expression for 2

d~te
2 Vr =z, -(-1) 0

That is

-39
2
zy + r3

-39
] 2 : -2
o= X+ y(q39 qo)

Ty + 2-39y (1-2qo).
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From this identity it is evident that z - 2-39 (1 - 2q0)
is the quotient and 2'39r39 is the remainder relative to this
quotient. That is, 2-39 (539 + 2a0) is the remainder relative to
this quotient. This identity may be interpreted in another way:

z may be called the rounded quotient and relative to this quotient

™3 (r39 -(1-29)) vy ) = 2'39(539 +2a, - (1-29,)y5)

is the remainder.

1.5 EXAMPLES OF ARITHMETIC OPERATIONS. In this section

we shall use a five digit machine to illustrate the machine re-
presentation of numbers and the machine's methods of performing the
arithmetic operations on numbers.

If x = 3/16 then X = .0011,

-x = -3/16 and (-x) = 1.1101 = 1 + 13/16,

If y = 4/16 then y = .0100,

-y = -4/16 and (“y) = 1.1100 = 1 + 12/16.

If x and y are the numbers given above, then x + y and x - y are

formed as follows:

X+ y:
0.0011 .
0.0100
0.0111 = (x + y) = 7/16
X+ (-y):
.0011
1.1100

1.1111 = (x - y) = -1/16

22



Note that

(-x) + (=7) mod 2 = 1.1101
1.1100
1.1001 = [- (x + y)] = 1 + 9/16

For the purpose of illustrating multiplication of x =
multiplier and (-y) = multiplicand, we shall show the state of the
registers Rl and R2 at the end of each of the four steps. At the

beginning we have:

R. :
1 00000

R : 0001
o 1

R3 £:11100

The register R3 is never altered. At the end of the first

step (after adding R, + R3 mod 2 and halving):

R1 11110

R : 00001
2

At the end of the second step (after adding R, + R3 mod 2 and halving)

1

R1 :11101

R : 00000
2 b
At the end of the third step (after halving only, since 2" R2 = 0)

R_.:11110
1

R : 01000
2

and at the end of the fourth step (after halving only since e'uRe = 0)
R.:11111
1
R : 00100
2
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The result of the multiplication has the binary expansion
1.11110100m=1+ 61L/64 which is the machine representation
of -3/64 m<12/256 = -3/16 x 4/16.

If a rounded multiplication had been performed, the Rl register
would have initially contained 0,1 O O O and the steps would
have proceeded as before. The result in R1 would have been
1.1 111 = -1/16 = -4/64.

We shall now form x/ (-y) in accordance with the rules

by the machine: Initially we have

R3: 11100

Ri: 00011

R,: 00000 (See Note)

The first tentative partial remainder is

tl-lolllln

Since the sign digit of this differs from that of the contents of
Ry, ty 18 rejected. Further, since this agrees with the sign digit

of R3, the first quotient digit is 1. Hence at the end of this

step we have

Rlz co0110

R2: 00010

The second tentative mmrtial remainder is

t2 = 0. 00 10.

Hence EQ is accepted and the quotient digit is zero.
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Rl: 00100

R2: 00100

The third tentative partial remainder is

%3 =0.0000

which 1s accepted, and the quotient digit is zero. Hence
Rlz 00000

R2: 01000
the fourth tentative partial remainder is

%h =1.1100
which is rejected and which gives a quotient digit of 1. Hence

R.: 00000

1
R : 0
o 1 011
The last one in R2 is inserted in accordance with the round-off
procedure.

The rounded quotient then is

z = -13/16,
the actual quotient being -12/16. The remainder is in this case
zero. This is the true remainder.
NOTE: The register-Ry, is not actually cleared, but as the quotient
is shifted in from the right the previous contents are lost by

overflowing from the left end.

1.6 THE CODE. The list of orders that ORDVAC can execute
is called the code. A partial list of these orders is given and

described in Section 1.8. It is the purpose of this section to give
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a general description of these orders.

ORDVAC is a one address machine. That is, each order
that ORDVAC can execute refers at most to a single address. For
example a typlcal order reads: add the absolute value of the number
at position 5 in the memory to the number in the accumulator (leaving
the result in the accumulator). Therefore each order when stored
in the memory of ORDVAC requires at least 10 digits for the address
digits involved in that order. Another nine digits called the in-
struction digits are used to describe the order to ORDVAC.

Orders are stored in the memory in pairs. That is, a given
address in the memory which contains 4O digits either contains a
pair of orders or a number. These may be intgrlaced in any fashion.
No portion of the memory is reserved exclusively for orders or ex-
clusively for numbers and hence in some instances order pairs may be
used as operands for arithmetic operations. ORDVAC may 5y this means
modify its own instructions in accordance with a prescribed plan.
A single order consists of 20 digits (one being & blank): the digits
0 to 8 (or 20 to 28) describe the instruction, digit 9 or 29 is not
used and the digits 10 to 19 (or 30 to 39) describe the address of
the number involyed in the order if the order deals with a number.
In the case of the shift orders or the control transfer orders (see
below) and some additional orders the address portion of the order

is used for other purposes.

When pairs of orders are brought out of the memory they are
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stored in the order register R3.

In addition to orders relating to the operations of arith-
metic ORDVAC has orders which transfer sets of digits within the
arithmetic unit and among the various parts of the machine. These
can be described by listing each register of the arithmetic unit and
relating entrances and exits to the register. A list of orders is
given in Section 1.8.

The accumulator Rl may receive information from the digit
resolver via Rl in a parallel fashion and from the input in a serial
fashion. It may transfer its contents wholly or partially to the
memory in a parallel fashion. It may exchange information with R2
by shifting. The addition order is involved implicitly or explicitly
in getting information into Rl in a parallel fashion. The store
orders (M and E, E') are used to get information from Rl to the
memory. By using the orders E or E' ORDVAC can be made to change
its orders. The tape order is used to transfer information from the
input to Rl' This is the only automatic entrance for information
ORDVAC can use.

The arithmetic register R, can receive information from the
memory by the R order and from Rl by shifting. Its contents may
determine the contents of Rl by using the A orders and by shifting, In
the A orders R3 and the adder are used. The contents of R2 may be
given to the output in a serial fashion by the P (print) order.

The number register R3 obtains information from the memory

and from R2. It is used in the execution of a number of orders such as
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addition, multiplication and division. In the execution of such
orders its information is placed in the adder.

There is another inportant class of orders that ORDVAC has.
These are the control transfer orders. Normally ORDVAC executes an
order pair described by digits at a location n in the memory and
then goes to position n + 1 for its next order pair. This process
may be changed by the use of the control transfer orders. The un-
conditionai control transfer orders interrupt this process under
all conditions whereas the conditional orders do so only if the
contents of Rl represent a non-negative number. The presence of the
conditional transfer order makes possible the use of ORDVAC for
solving problems involving iterative routines of variable length.

1.7 THE CONTROL. The functions of the control are: to
decide which order 1s to be executed and to supervise the execution
of the order, noting when 1t has been completed. In order to perform
the first function the control has a counter called the control
counter which contains the address of the next order pair to be ex-
ecuted. We shall describe the operation of the control assuming
that the second order of an order palr has been executed, that this
order was not a control transfer order, and that the address of the
next order pair 1s in the control counter..

The control then consults the memory for the information
stored at this address and places this information in the order
register R3. The information may not be immediately available from

the memory since the memory may be regenerating. However at the end
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of one regeneration period and before the next one occurs the
control can require a transfer from the address in the control

counter to R,. The control counter is advanced by one after the

3

memory is consulted.

Once the information is in R3 the control begins the ex-
ecution of the order described by the digits O through 19 (the
left hand order). The instruction digits in R3 go to a register
Rh’ the decoding register, which decodes the instruction and sets
the sequence of gates and clears desiréd. The address portion of
the order, digits 10 to 19 goes to the address generator of the
memory, to the control counter, or to a recognition circuit. See
Drawing 266. The destination depends on the values of the digits
0 to 8. Let us suppose that the first possibility takes place.

Then the number stored at the address described by the digits 10
to 19 in R3 is brought out of the memory and placed in R3 in
accordance with the instruction. The control then executes the
sequences of gates and clears in the registers of the arithmetic
unit necessary to carry out the instruction. In case the address
digits go to the order counter a control transfer is made after the
execution of the instruction. The address digits go to the re-
cognition circuit in the case of orders involving shifts.

After the order described by digits O to 19 is executed, and
if it was not a control transfer order, the order described by digits
20 to 39, the right-hand order, is dealt with. The address digits
are first transferred to position 10 to 19 and the instruction digits

are sent to Ry. The process degcribed above for the left-hand order
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then takes place. When this is completed the control begins again
with the order pair stored at the address in the order cdunter.
This address will be one greater than the previous one unless

the order counter has been modified in the execution of an order

pair.
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1.8 THE LIST OF ORDERS. The list of orders currently

being used on ORDVAC (which does not comprise all ordeis possible)
is described below. Every complete order may be represented as a
5 sexadecimal digit numbér which is the sum of a two or three
digit instruction and a 3 digit address. The following list shows
the left hand 2 (or in some cases 3) digits of the instruction.
The remaining digits of the instruction are zero.

If the instruction is given with two digits, formation of
the complete order is trivally simple since the addition of the
address merely gives a 5 digit number made up of the instruction
digits followed by the address digits. Example: Consider order
19 with the decimal éddress 526. The complete order is then 7J20F
where 20F is the sexadecimal representation of 526.

) If the instruction is given with 3 digits, the addition of
instruction and address must be carried out. Example: Consider

order 9 with the decimal address 526. The complete order is then

FO800 4+ 20F = FOKOF.

TABLE 1.2

LIST OF ORDERS

SEXADECIMAL
ORDER SYMBOL REPRESENTATION
1. + x L5 Clear Ry and add number at
memory location x into Rl.
2. - X 11 Clear R1 and subtract number

at memory location x into Rl’
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ORDER

10.

11.

12e.

13.

SEXADECIMAL

SYMBOL REPRESENTATION
|+|x L7
[-1x 13
(+)x 1k
(-)x LO
[}]x 16
[Ix 12
Rx FO8
A+ x 358
A - x 318
Al+lx 378
A)-| x 338

32

Clear Rl and add absolute

value of number at memory
location x into Rl'

Clear R. and subtract absolute
value o} number at location
x into Rl'

Same as 1 without clearing
R
1-

Same as 2 without clearing

Same as 3 without clearing

Same as 4 without clearing

Clear R, and add number at
memory location x into R2.

Clear R; apd add number Rp

into Ry, MIf this is a right
hand order, transfer control

to the left hand order at
memory location x. If this is
a left hand order, do the right
hand order and then transfer
control to the left hand order
at memory location x.

Clear Ry and subtract number
in R, into Ry. HRepeat as in
10.

Clear Rl and add absolute value
of number in into Rl'
¥Repeat as in IO.

Clear R, and subtract absolute
value o% number in R2 into Rl'

ARepeat as in 10.



1k, Als)x

15. A(-)x
16. A[-l- Jx
17. Al- ]x
18. Xux

19. Xx

20. (X)x

21 - X
22. &n

23, {/n

2k, <o

348
308
368
328

5

TJ

66

00

09

01

Same as 10 without clearing Rl'
Same as 11 without clearing Rq.
Same as 12 without clearing Rl'
Same as 13 without clearing Rl'

Clear R,; multiply the number in
Reby the number at memory location
X, putting the sign and 39 most
significant digits of the product

in Ry and the 39 least significant
digits of the product in the right
hand 39 digits of R,. Make the sign
digit of R2 equal to O.

Clear R and insert 2~ -1 into Ry.
Then follow 18.

Do not clear Ry. Then follow 18.

Clear and divide the number in R
by the number at memory location x.
Place the quotient in Rs and the
remainder in R;. Always make 2-39

R2 - 1.

If n = O, the machine will not pro-
ceed. If O <n <63 do n times the
left shift operation which replaces
the contents

0162 39ofR and

2 ¢ "39ofR byee €
€ c
) €.

.« « 39 0O and ﬂl g n3... n39

If n = O, the machine will not proceed.
If 0« n €63, clear R, insert o-1

in R and do the left shift operation
n tlmes

1‘[0 ‘Ilﬂ

If n ® O, the machine will not proceed.
If 04n<63, clear Ry and do the left
shift operation n times.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

3k.

35.
36.

37.

-—» n

—» n

U x

0185’4

Mx

OMx

Ex

10

19

11

2k

25

KO

28

22

ko

b1

k9
L6

If n = O, the machine will not pro-
ceed. If 04 n<63, do n times the
right shift operation which replaces
th
e contents ¢ ¢ ¢ € of R1
0O 1 2 39

andw_ x T .eoT of R b )
o™ Tor 39 o PYELE,

1 “‘638 and i € 39 Jtl ne’“‘38.

If n = O, the machine will not pro-
ceed. If 0<n463, clear R, insert
2-Lin Ry, and do the right $hift opera-
tion n times.

If n = O, the machine will not pro-
ceed. If 0<né€63, clear Ry and do
the right shift operation n times.

Transfer control to the left hand order
of the word at memory location x.

Clear R,. Then transfer control to the
left hand order at memory location x.

Transfer control to the right hand order
of the word at memory location x.

Clear R;. Then transfer control to the
right hand order at memory location x.

If the number in R, is 20, follow 28.

- Otherwise do nothing and proceed to

next order.

If the number in R, is 2 0, follow 30.
Otherwise do nothing and proceed to
next order.

Store the contents of R, at memory
location x. Do not chalige Rl.

Store O at memoxry location x.
Store 1/2 at memory location x.
Replace digits 2710 through 2719 of

memory location x by the corresponding
digits of Rl' Do not change Rl’
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38.

39.

Lo.

hi.

Lo,

h3.

L,
L5,

L6.
L.

48.

OEx

E'x

CE'x

Zx

Zu

FO

OFO

1FO0

K08x

Lo

43
80828

80028

30

- 20

FO

Fl

K08

Clear Rl' Then do the E operation.
Replace digits 2730 through 2739 of
memory location x by the corresponding
digits of Rl° Do not change Rl-

Clear Rl' Then do the E! operation{

Print the contents of R, on the tele-
type, (destroying the contents of Ry
and R in the process).

Read one word from the input tape into
Ry, (Changing R, in the process).

Stop the computer. If this is a right
hand order, transfer control to left
hand order at memory location x when
starting again. If this is a left hand
order, when starting again do the right
hand order and then transfer control.
The stop part of this order can be ig-
nored by setting a switch on the control
panel, in which case the order becomes a
transfer order.

Stop the computer.

Replace the contentseo € ..€ ofR
T

39 1

and * w ...% of R bye € ...€
01 .39 2 1 2 39

b9 dx ® ...% 7 respectivel
1 an 0% 39 "0 espectively,

where m) . is the same as n3g was prior
to the last order which useg

(This would be any of the addition,
multiplication, A, or right shift orders),

Clear Ry and do the FO order.

Clear R;, insert 2-1 in Ry, and do the
FO order.

Do the FO order and transfer control to

memory location x when the right hand order

has been executed.
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4o, OK08x K18 Clear Ry and do the KO8 order.

50. 1K08x K98 Clear Rl, insert 2-1 in Ry and do
the KO8 order.
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1.9 SQUARE ROOT ROUTINE, In this section we shall illus-

trate the use of the orders listed above by listing a sequence of
orders for the solution of the following problem: The machine re-
presentation of a positivé number a € 1 is stored at memory location P;
compute'V;r and place it at memory location q.

Mathematical Analysis. The square root is achieved by a

succession of approximations given by the formula,
z = (1/2)(z + a/z_)
i+l 1/ i 1

Of course the machine does not carry out the operations indicated
exactly. This fact must be taken into account in examining the
error in the square root. It may readily be verified from this

equation that

2 1 ( 2 )2
Zi 418" hz% i -8/

That is, the error is essentially squared on each iteration if

division 1is an exact operation. Moreover we have

%1417 B "?‘ii—("fa— "% >0

a
Z -Zinl/E(z
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Hence if 27 ) a we will have

z‘l> Zn > .« . - zi>zi+l)ﬁ
Thus the sequence of approximants to the square root will be
greater than the square root if the operations are carried out
exactly.

However machine operations such as division and halving
(division by 2) are not carried out exactly. Moreover a rounded
division can be carried out correctly only if the divisor is
greater than the dividend. Hence in order to use the algorithim
described above we must rewrite it in a form suitable for machine

computation. The form we use is
Zy p1= Zp+ (B:Z -7 ) 2

where the bar denotes the machine representation of a number the

¢ sign denotes machine division and ¢+ 2 represents machine halving.
We shall verify that if 0£ & <€ 1 - 2-39  the sequence of numbers
obtained by setting z; = 1 - 2737 and using this formula have the
property that zj>z; o 3 )1/‘; for values of i less than some value
i, 1. Moreover for i defined by Zig 4 1 2310, Z, 1is the

o
approximate square root of a in the sense that ‘ Zi - ‘V a' < 2'38.
o

Before deriving these results we note that

[(afo - )|+ T & 27>
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(% -a)seg o™

as is evident from the division algorithm and the process of

halving. It is a consequence of these round-off errors that

- - a
2l ™ 1/2 (zi + 21) +r

with

lrl < 2-39.

Hence
- 1 ,- 2
Z - a -rm— (z,-a) >O0.
141 J =55 (7~ @)

i

That is, we always have

- ' -39
Zi42° '\F; -2 e

Suppose first that

a < \Ia + 2'38 < zisl - 2739,
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Then

and a < z4 1is a positive digital number. Moreover

= = /= _(Es3 -39
2'5_-'(54-2-1)=('Z.i- ﬁ )+( \[’g -(E/zi))+a/zi—(a+zi)) 2

as follows from the replacement of each parenthesis by its

smallest possible value. Therefore

- ---.'— < > '39

(z:L 8 +2z, ) =222
and

zi+l szi 2 zi.

Hence values of i such that Ei are in the range given above
are less than io. Suppose now that

{."_ -39 , = F -38

a-2 £ z.i £ya + 2 _
Then we may write

% 487—+ 52739 vith -5 £ 2

and 78

l_‘:’“m'
|

|

+

¥

w

S
|
® I
4]
)
W
O
+
4]
o

+

w

~

W

\O

Hence - . ~1/2 i -39 -39

where t = 4+ 1 and the last term on the right hand side is the

error due to the rounded division. :

- - -39
+z, - I 2 (t-28) 2

+%; ~ 273 20 then Z; 1 27, end is=i,.

o

ol

If
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The quantity'iao is called the machine square root of =. Ir
- . Rt - o -39
(7 = Zi) - Z, < O then we know that J; - 2

- -38
Z zi £ JE; + 2 3. .

Since every strictly decreasing sequence of digital numbers must

< Z,
i41

be finite we must have a value of i = io such that a = E} -
(]

z, » 0O that is, z z
1,2 * Moy 1 2 g
This can only occur if
2P e (5 -5 2B
i
There fore this relation is an error estimate for machine square
root. The right hand inequality may be sharpened but this will not be

done here.

The Program. The algorithm for finding the square root

cannot be applied to the case @ = 1 - 239 for in that case

T, =% and B+ = -1+ 5739 instead of 1 or 1 - 2737 which would

terminate the process. Therefore the code first tests for this

value of a.

The storage needed (other than orders) is

Address Contents
r 1-2739
P a
a Zy
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ORDER
ADDRESS

ORDER

A+ b

(-)a
c' 7

DESCRIPTION

Accumulator has a
Accumulator has a - (1 - 2'39)

Control to RH side of 6 if accumulator
contents 2 O.

Accumulator has 21 =1-2"39

q has Zi

Accumulator has &

R2 has a«l—-zi

Accumulator has a + Ei; control to 4

Accumulator has 4 + Z g Z 1

Control to RH side of 7 if accumulator
contents 2 O

Accumulator has [ (& + 21) - ii] +2
Accumulator has Z, _ ;= [(@ + Zi) - z1]

-|»2+zi

Control to LH side of 2
Accumulator has 1 - 27

q has 1 - 2739 = o[ in special case

Lo



Ex

1-Zt0 q LI —1—a:Z; - Z:
Z, =(A+Z,. -Z.)+2 +Z
L L L ¢
Figure 1.2

Square Root Flow Diagram




CHAPTER 2

THE ARITHMETIC UNIT

The arithmetic unit consists of three registers (two of
them double registers) which are essentially storage units for
holding the factors involved in arithmetic operations, a parallel
4O binary digit adder, and other subsidiary units such as the
complement gate which provides the complement of the number in
one of the registers. The three registers, and a fourth which
is part of the control, were constructed as three double registers.
A block diagram of the arithmetic unit is shown in Figure 2.1.

The registers of the arithmetic unit correspond to the
keyboard and dials on the common desk calculator. They hold the
operands while the operations of arithmetic take place, and they
present the results of these operations. The basic components of
the registers are the flipflop and the gate.

2.1 THE FLIPFLOP. The fnpflop# (or toggle) is based

upon the Eccles-Jordon circuit which, as is well known, has
two stable states. The standard flipflop circuit used in ORDVAC
is shown in Figure 2.2.

By definition the flipflop represents the binary number 1
when the right-hand triode is cut off and the left-hand triode is

conducting. .

U

An equivalent term is bi-stable multivibrator
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NE-2 &
220K * 39, . 2W
* 20%, Y W
3314 33K
*3%,IW *#3%, |W
120K 120K
-3 2W *3% ,2W
-300V -300V

Figure 2.2 The Flipflop
This means that plate 2 will be high, and the neon will be on.
Typical voltages for the 1 state are given in Fig. 2.3. The voltages
would be interchanged between triodes for the O state. The voltage
on grid 5 is usually sensed to determine the state of the flipflop.

If this is done 1 corresponds to -37 volts and O corresponds to O

volts.

2.2 TRANSFER OF INFORMATION. The storing of information

in a flipflop involves changing the state of the flipflop. A change
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of state can be achieved by any action which both unbalances the
flipflop and moves both triodes into the operating region of their
characteristics. Thus one plate supply can be dropped, one plate

can be shorted to ground,,or one grid voltage can be changed. This
will unbalance the flipflop and, if the correct one of the two
possible actions is chosen in each case, both tyriodes will be in the
operating regions of their characteristics and a change of state will
occur. Changing the state of a flipflop is usually called gating

or clearing, the term used depending upon how the change is carried

out.

-300V  —-300V

Figure

2.3
Typical Flipflop

Voltages
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Clearing a Flipflop. The need for "clearing" the flipflop

in a register arises from the fact that, for reasons of economy in
design, most of the signals available for changing a flipflop are
single-ended; i.e., only one wire with two voltage levels, corres-
ponding to O and 1, is used. The action on a flipflop by such a sig-
nal can be only unilateral. It can be designed to change the toggle
from- O to 1 or from 1 to O, but it cannot accomplish both actions
with the same design. Thus the flipflop must be previously changed
to the state which enables the signal to control. This is exactly
analogous to the action on a desk calculator. The action of placing
numbers on a keyboard is unilateral, since keys are always depressed
and never lifted by hand. Prior to depressing the keys, therefore,
the keyboard must be "cleared" and all keys released to their "up"
positions; otherwise certain unwanted keys would be left "down" from
a previous operation.

The clearing action in the ORDVAC register is accomplished
by dropping one plate supply voltage from 4+ 150 V to about + 50 V.
Dropping the voltage on pin 1 (Fig. 2.2) will place the toggle in a
1l state. Dropping the éupply to pin 2 will place the toggle.in a O
state.

Gating a Flipflop. The changing of the flipflop by gating is

accomplished by reducing the plate voltage of' ocne plate of the toggle.
The reduction in plate voltage is accomplished electronically through
a so-called "gate" tube. Thus, in Figure 2.4 if a zero voltage is

placed on the gate tube grid, the tube will conduct and pull plate 1

down.



-300V -300V

Figure 2.4
Gating a Flipflop

If the toggle had been previously cleared to O, the resultant action

would have been to change the toggle from O to 1.

Usually, in addition, it is desired to cpntrol the duration
of the gate timewise. Yo do this a further controlling signal can
be placed on the cathode of the gate tube. In Fig. 2.5, if a + 10V
signal is on the cathode of the tube (6J6), it will not conduct even

with the zero grid voltage present. When the cathode is changed to
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-10 volts, the tube then conducts and gates the flipflop. The '"not
gate" voltage on the grid of the gate tube is made to be -20 V or

less, so that it will not conduct even with -10 V on the cathode.

— 20V

+ov
—ioVv

Figure 2.5
Controlled Gating of a Flipflop

Double Gating a Flipflop. It is possible to transfer in-

formation without clearing if gates are connected to both sides of
a flipflop. In Fig. 2.6 the contents of flipflop Fl will be trans-

ferred to flipflop F2 by pulling down on the cathode of gate G. This
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transfer is independent of the states of Fl and F .
2

+10V
~lov

Double Gating a Flipflop
Figure 2.6
In other words, the flipflop is gated only with the combination of

zero volts on the grid and -10 volts on the cathode of the gate tube.
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Balancing of Gates. As has been previously discussed,

a gate of the single tube type can, if preceded by an appropriate
clear action, change a flipflop to "O" or to "1". If the flipflop
were cleared to zero, the gaté tube would be connected to pin 1

of the flipflop. Otherwise it would be connected to pin 0. In-
evitably the géte tube will place a capacitive load on the flipflop
plate, slowing the transient action of the flipflop. In order to
minimize this loading effect paralleling of gates is avoided and
whenever possible the gates are placed on the flipflop in a balanced
menner. JIn the ORDVAC registers this amounts to connecting one

and only one gate to a flipflop plate.

Since each ORDVAC double-register consists of two single
registers, two flipflops per columm are available. This means that
four gates per double register are the maximum that can be used if
the principles discussed above are to be followed. Further, two
sets of gates are restricted to one single register and the other
to the second register. It will be shown later that the two double
registers (or "shifting registers”) require three gates per double-
register, leaving one gate for other purposes. It will also be shown
that this fourth gate is used for an entrance gate from the adder for
one case and from the memory in the other case.

THE BI REGISTER. (Drawing 359). This double register is made

up of two rows of 40 flipflops and of four sets of gates. The upper

row of flipflops is called Rl while the lower row is called R1 and is

the accumulator. Only three of the four sets of gates are used for
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gating, and a few tubes of the fourth set have been used for control
purposes. This is described under Multiplication Roundoff.
The three sets of gates which are used are given in Table 2.1.

These gates are used for‘éhifting words in RI‘

GATE FUNCTION
1 1
Yellow Gate R (YGﬁB Transfers straight up from R1 to R
Black Gate R1 (BGRl). Transfers down right from R1 to R1
Red Gate Ry (RGRl) Transfers down left from R- to Ry.
Table 2.1

Gating in RI

There is a fourth gate, mounted on a separate chassis above
RI’ which is used to transfer words from the adder into Rl. This is
Green gate R'. (GGRLY). Tne unused Ry gate also has the name GGRl, but
since it is never used for gating purposes there is no confusion.

Because of the one-sided character of the gates, it is necess-
ar& to be ablé to clear Rl and R2. And, since the gates are balanced,
two of the clears are to 1 and two are to O. Each gate must be pre-
ceded by its appropriaté clear. If the clear is to O, the~gate trans-
fers 1's, if the clear is to 1, the gate transfers O's. Table 2.2

lists the clears and gates and their properties.

Red Black

Yellow

Figure 2.6a
Gate Coding
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CLEAR ACTION GATE ACTION

Red Clear R (RCRl) R to 1's Ger Gates O's from adder

Black Clear R (BCRl) R to O's YGRl Gates 1's from R

Yellow Clear R (YCR) R to0's  BGR Gates 1's from R-

Green Clear R (GCRl) R tol's RGR, Gates 0's from e
Table 2.2

Gates and Clears in RI

The gates and clears always occur in pairs, the combinations
being RC-GG, BC-YG, YC-BG, GC-RG.

El’THE ACCUMULATOR. This register has other connections

besides those given above:

(1) It receives input words from the input tape (See
Chapter 3);

\2) 1t connects to the memory so that its contents may
be transferred into the memory. (See Chapter 4). All information
going to the memory must pass through Rl;

(3) It conmects to the adder; (See Section 2.7 of this
Chapter);

(4) It connects with R, by shifting. (See Section 2.6).

The accumulator plays a very important role in all of the
machine operations. It holds the operands di%idend, augend and sub-
trahend and receives the sum as well as the sign and most significant
39 digits of a product. It is the only register from which words may

be transferred to the memory, and it receives serially from the right-

hand end each word of a tape as it is read into the machine.
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There are two gates into R : RGR and BGR ; there is one
1 1 1
1
gate out of Rl: YGR . The transfer to the memory is not a gate
in the ordinary sense and is discussed in Chapter 4. The transfer

to the adder is not a gate.

1
R REGISTER, This register is used for holding numbers
temporarily. There are two gates into it: YGRl and GGRl, the
former from Rl and the latter from the digit resolver. There are

two gates out of it: RGRl and BGRl.

2.4 THE R, RECISTER, (Drawing 360). This double register
is similar in construction to RI and has two parts, R2 and R2. The
register R2 is also called the arithmetic register.

All four of the sets of gates in RII are utilized, although
only three are needed for internal transfers within RII' The fourth

gate 1is used to transfer from the memory to R2 in the execution of

the R order. The gates are given in Table 2.3.

GATE FUNCTION
Yellow Gate R 2 2
ellow Gate R (YGR) Transfers straight up from R, to R
Black Gate R,  (BGR,) Transfers down right from % to R,
Red Gate R2 (RGRQ) Transfers down left from 32 to R2
Green Gate R,  (GGR,) Transfers from memory to R,

Table 2.3. Gating in RII'
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The clears in RII are similar to those in RI except that no
2
RCR 1is needed, there being no necessity to clear R2 to 1's. The

clears and gates for RII are given in Table 2.4:

CLEAR ACTION GATE ACTION

2 2 2
Black Clear R (BCR®) R to O's YGR- - Gates 1's from R,.

Yellow Clear R, (YCBQ) R, to O's BGR2 Gates 1's from R2.

2
Green Clear R2 (GCR2) R2 to 1's RG-R2 Gates O's from R2.
GGR2 Gates 0O's from memory.
Table 2.4

Gates and Clears in RII

R2,The Arithmetic Register. The arithmetic register holds

the multiplier and receives the quotient. There are three gates into

it, as shown in Table 2.4, and two gates out of it. One of these 1is
2
YGR™., The other is a gate to R3 called YGR3 using gate tubes in Ry .

This gate is used in the A orders.

R2 Register. This register holds numbers temporarily. There

is one gate into it: YGRQ; there are two gates from it: BGR2 and RGRZ'

2.5 THE Ryry REGISTER (Drawing 361). This register, built

like RI and Ry for éonvenience, is wired differently and is actually
two complétely independent registers, R3 the number register and R3
the order register. The order register is a part of the control, being

the recipient of order pairs as they come from the memory,and is

56



discussed in Chapter 5, but it will be discussed here also for
the sake of completeness. Three of the four Ryrr 8ates are used.

R3, The Number Register. This reglster is the chief entry

from the memory into the arithmetic unit,receiving addend, multipli-
cand and divisor. The gate used is GGR3, which is preceded by

RCR3 and gates O's from the memory. There is also YGR3, preceded
by BCR3, which gates 1's from R2 as mentioned in Section 2.k.

The only exit from RS is to the complement gate (Section 2.9 )

which in turn communicates with the adder.

. R3, The Order Register. Each order pair comes to R3 from
the memory, being tranéferred by RGR3‘after GCR3. There are three
sets of gates associated with R3: (1) the even order gate,

(2) the odd order gate,
(3) the odd address gate.
The functions of these gates are fully discussed in Part II of
Chapter 5. The first two transfer orders to the decoding register
and the second moves the odd address to the even address location.
There are also connections going from the even address lo-

cation of R3 to the following places:

(1) the control counter,
(2) the address generator,

(3) the recognition circuit.
The gating from'R3 is shown in Drawing 266. Table 2.5 gives the

clears and gates forRIII,

57



CLEAR ACTION GATE ACTION

BCR3 R3 to O's YGR3 Gates 1's from R2
3 3 ' 3
RCR R’ to 1's GGR Gates O's from memory
GCR3 R3 to 1's RG-R3 Gates 0O's from memory
TABLE 2.5

Gates and Clears in RIII

2.6 REGISTER SHIFTING AND INTERCONNECTION. The registers

RI and RII are shifting registers whose contents are shifted under
the direction of the control by appropriate sequencing of the clears
and gates. The RII register is a slave of RI’ and no shift in RI
can be made without causing a corresponding shift in RII' Thus in
multiplication as the product forms in RI with right shifts, R2

is shifted for inspection of the multiplier digit. Simf#larly, in
division as Rl goes left so does R2, permitting the digitwise in-
sertion of the quotient. The shifting of contents of registers is

described in Section 5.2.
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2.7 THE ADDER. (Drawing 104). The adder is a component
of the addition unit. The addition unit, consisting of the adder
and digit resolver, performs addition in parallel and is an analog
device; i.e., the necessa;y logical operations needed for addition
are simulated by adding analogous currents and measuring the voltage
across a resistor.

The function of the adder is to simulate for each column
being added the result of adding three binary digits: the resident
digit (augend), the incident digit (addend), and a carry digit which
is received from the column to the right. The eight input possibili-

ties for each column are as follows:

Resident Digit 00110011
Incident Digit 01010101

Carry Digit from
right 00001111

The four output possibilities are as follows:

Sum Digit 0011

Carry to Left
Digit 0101

The adder establishes four levels of voltage corresponding to 00,
01, 10, 11 (i.e., to 0, 1, 2, and 3 in decimal notation). It also
establishes a carry voltage for 10 or 11 and feeds this to the next

most significant stage.

59



Operation of the Adder , Figure 2.7 shows one stage of the

adder. The three inputs to any stage are to tubes A, B and C. The
plate voltage S of A and B represents the sum, which can be one of
four values. The tubes A and B can each allow 4.85 ma to pass
through the 10.3K resistor, depending upon the addend and augend.
The voltage supplied to the 10.3K resistor will be either 160 or
210 v, depending upon the carry from the preceding stage. We thus

have the following possibilities.

ADDEND AUGEND CARRY SUM CURRENT IN VOLTAGE AT
10.3K RESISTOR SUMMING POINT
0 0 0 0 0.6 ma 20kv
0 0 1 1 0.6 154
0 1 0 1 5.45 154
0 1 1 10 5.45 | 10k
1 0 0 1 5.45 154
1 0 1 10 5.45 104
1 1 0 10 10.30 104
1 1 1 11 10.30 5k
Table 2.6

Adder Voltages at the Summing
Point
Two uses are made of the sum voltage: On the one hand, it
goes to the digit resolver. On the other a carry voltage for the
next stage must be produced. This carry voltage is obtained by

differentiating at the 115V level between the cases 0, 1 and the cases
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O= |88V
1 = 140V
1IO0= 91V
Il = 43V

TOUTPUT SUM

[o] 204V

! 154 vV

‘ 10 04 v
+150V L 54Y

Aooeﬁﬁ
Om= :
| = -3'7\/

-300VY . . -300V

FiG.2.7
ONE STAGE OF THE ADDER
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2, 3 with tube D.

Forty Stage Adder. Drawing 104 gives the circuit diagram

of the adder. The sense of the columns as shown is opposite to the
sense of the registers, the least significant binary digit being in
Column 2 of the adder circuit diagram and carry propagation being
to the right on the diagram. This is because the adder is mounted
with its back to the connecting registers. The resident digit
constant current gates are those tubes in row 2. The incident digit
constant current gates are in row 3 and odd columns. The carry
selection gates are in row 1 and row 4. The capacitor shown between
the carry input and the input to the carry gate is for the purpose
of speeding up the production of the carry voltage. Two tubes are
used for a carry into the least significant stage. These are dis-
cussed in Section 2.9 and under addition and subtraction in Section

5.9.
2.8 THE DIGIT RESOLVER. (drawing 200). The adder produces

a sum digit and a carry digit for each column. The sum digit is O
if the sum is 60 or 10 and it is 1 if the sum is Ol or 11. That is,
if the adder voltage is 204kv or 104v the sum digit is O while if it
is 154v or 54v the sum digit is 1. These cases must be distinguished.
The entire set of 40 sum digits constitutes the desired out-
put of the addition unit. The resolving of'the sum into a sum digit
is achieved by selective constant current gates which open and close
at various points in the range of voltage levels representing the

sum. Referring'to drawing 200 we see that the selective action is as
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follows. Noting that the three gates draw current from a common

point, each drawing 1.77 milliamperes, we have the results shown

in Table 2.7.
ROW 2 ROW 4 ROW 6
SUM SUM VOLTAGE GATE GATE GATE TOTAL CURRENT
00 204V off On off 1.77 ma
01 154 On On off 3.54
10 104 On bff off 1.77
11 - 54 On off On 3.5k

Table 2.7

Digit Resolver Characteristics

The total current is drawn through a 56K resistor from

+150V. The output voltage is given by Table 2.8.

SUM SUM DIGIT OUTPUT VOLTAGE
00 o +51V
01 1 kg
10 0] +51
11 1 49
Table 2.8

Digit Resolver Output Voltages

Hence +51V correspond to a O sum digit and -49V to a 1.

The output of the digit resolver is connected to GGR1
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(drawing 127). Actually, as can be seen, the digit resolver output
is prevented from rising above OV so that O = O volts and 1 =-49
volts. The pegging is done by diodes in the gate chassis.

2.9 THE COMPLEMENT GATE. (Drawing 155). The complement

gate provides the equivalent of subtraction as discussed in Section
1.4, The complement gate in reality comsists of two gates. The in-
put to one gate comes from number 5 grid on the R3 flipflop and the
other input is from number 6 grid. The outputs of the two gates
are in parallel (by common cathode;) and a means 1is provided for
selecting one and only one gate at a given time by controlling the
plate supply voltages to the gates.

In order to form & complete complement it is necessary to
add 1 in the least significant place (Section 1.3) after having com-
plemented each digit. This is the end around carry and is done by
using the otherwise unused carry into the least significant stage
of the adder. Whenever the complement gate is set to the subtract
vstate the #3 grid on the tube in Row 4, Column 1 of the adder (Drawing
th)-éoes negative and causes a carry voltage to be present at pin 2
of the tube in Row 4 of the first stage. This is equivalent to adding
2-39,

It was mentioned in Section 2.1 that grdinarily the #5 grid
is sensed to determine the state of the flipfilop with -37V = 1 and
OV = 0. It is evident that if the number 6 grid were sensed instead,
the resultant effect would be the exact equivalent of complementing the

state of each flipflop as far as the nature. of the information obtained
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is concerned. Therefore, when the number 2 plates of the comple-
ment gate tubes are high with +90V and the number 1 plates are low
with -30V, the number 5 grid of the register flipflop is sensed.

This represents the non-complement state. When the number 1 plate

is high and the number 2 plate is low the number 6 grid of the toggle

is sensed, representing the complemented state.

2.10 GATE AND CLEAR DRIVERS . The units which furnish the

voltages for the various gates and clears are discussed in this
section. These units get their signals from the control, the sig-
nals originating in the shift sequencing chassis.

Register Gate Drivers. (Drawings 201, 202, 280). Each

gate driver consists of a 5687 cathode follower operating at 10
millismperes and another 5687 acting as a clamp to prevent the nega-
tive swing of the output from exceeding about -1L4V. The gate driver
feeds a set of cathode followers in thé registers which in turn drive
the gate cathodes. There are h’gate drivers for RI, 3 for RII and

3 for RIII'

Register Clear Drivers, (Drawing 130). ‘Each register clear

driver consists of 12 parallel 5687 triode sections which drive the
register plate bus as a cathode load. One clear driver thus furnishes
the plate currentfor one side of the 40 flipflops in a register.

There are 4 clear drivers for Ry, 3 for Rpy and 3 for Ryp;-
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Complement Gate Driver. (Drawing 198). The complement

gate driver consists of two units, each the same as the drawing ex~
cept for the bleeder on the input. This holds the complement

gate in the add state if there is no input. Each unit takes the
control signal for complement or non-complement, which is a "push-
pull” signal OV and -20V, and generates a complement or non-complement
signal +90V and -30V for input to the complement gate.v The output

consists of four 5687 triode sections in parallel.
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CHAPTER 3
THE INPUT-OUTPUT

The input-output equipment consists of teletypewriter
units together with those circuits of the computer used in pér-
forming the two orders: input 80028, and print, 80828.

The input order takes 40 binary digits from 10 succes-
sive rows of a tape that has been previously punched with 4
binary digits per row, and puts them in order in Rl‘ It does
this by successively shifting‘left and gating into the four |
right hand digits of R,. -

The print order prints one word on a sheet 6f paper as
ten sexadecimal digits. These are formed by taking‘the 40 binary
digits in R, four at a time, beginning with the sign digit, and

2
printing a corresponding base 16 symbol.

3.1 PUNCHED TAPE. The paper tape used is standard five

hole teletypewriter tape, 11/16 of an inch wide. Four of the
five holes are used to represent sexadecimal digits in a binary
code. All five holes are punched to serve as a space between
words. There is also a smaller row of holes in the center of
the tape that fits the feed sprocket that‘mbves the tape. The
appearance of a tape punched with each of the binary codes and

the corresponding sexadecimal symbols is shown ;n Drawing 355.
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3.2 THE INPUT TRANSMITTER-DISTRIBUTOR. A transmitter-

distributor is used to sense the holes in the tape. The wiring
of a standard unit has been modified as shown in Drawing 17L.
The punched tapé passes over pins in the transmitter. At ap-
propriate times these pins are raised agalnst the tape. If there
is a hole above a tape pin, the pin will move farther than if
there is no hole. This difference in amount of travel 1is used
to position a single-pole double-throw switch associated with
each of the five tape pins. The setting of these switches at
the time that the pins are raised corresponds to the binary code
punched in that row of holes in the tape. The distributor con-
sists of a commutator with seven segments and a brush connected
mechanically to the same shaft that raises and lowers the tape
pins and advances the tape. The brush makes one revolution for
each row of holes in the tape. The seven segments are known as
the stop segment, the start segment, and segments 1 through 5.
When the transmitter-distributor is at rést, the brush
rests upon the stop segment, the tape pins are retracted, and one
row of holes on the tape is over the tape pins. When the clutch
release magnet is energized, the main shaft begins to turn. While
the brush is passing over the remainder of the stop segment and
the start segment, the tape is advanced one row of holes and the
tape pins are raised. The tape pins and tape now remain stationary
while the brush passes over segments 1 through 5. When it again
reaches the stop segment,kthe tape pins are retracted and the trans-

mitter-distributor is ready to read the next row of holes. Once
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the shaft has started rotating, de-energizing the clutch release

magnet will not stop the shaft until the next time the brush gets

to the stop segment and the pins are retracted.

3.3 THE INPUT CIRCUIT. The operation of the input circuit

can be followed on Drawing 356. Digits are gated into Rl by means
of gate tubes connected to the plates of the flipflops 2“36, 2‘37,
2-38, and 2-39Rl. Single gating is used and'l's are gated. The
voltage at the grids of the gate tubes is determined by the setting
of the single-pole double-throw switches associated with the four
tape pins that read the binary positions on the tape.

The input operation begins when the two signals (go enable)
and (input and oper#te) cause the input start relay to be de-ener-
gized. The contacts of this relay open the holding circuit to the
tape stop relay coil. When the tape stop relay releases, one of
its sets of contacts energizes the clutch release magnet of the trans-
mitter-distributor and fhe brush starts to leave its rest posifion
on the stop segment.

Nothing further happens until the brush reaches the begin-
ning of segment 1 and operates'the.shift relay. When the shift re-
lay is energized, it sets a flipflop to "1". The state of this
flipflop is compared with the first stage of the shift counter. If
the states disagree, a black clear is enabled which is the first
step of a left shift. During the first left shift the shift counter

counts to one and so the state of the first stage no longer agrees

with the state of the flipflop in the input-output circuit. This
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disables the black clear and prevents another léft shift from
taking place. After about 20 milliseconds the brush leaves seg-
ment 1 and the shift relay is de-energized, resetting the flip-
flop to "O". The flipflop and the first stage of the shift counter
again agree and so a second left shift is enabled. The same cycle
takes place as the brush passes over segments 3 and 4, which pro-
duce a total of four left shifts.

When the brush reaches segment 5, it lowers the voltage
on the grid of a cathode follower. The output of the cathode follow-
er is connected to the cathodes of the four gate tubes to R;. Thus,
the gate tubes are enabled and gate four binary digits from the tape
to Rl,

When the brush again reaches the stop segment, one revolu-
tion of the brush shaft has been completed. On the second re#olu-
tion, the tape is advanced, four more left shifts are made, and
the next four binary digits are gated.

This cycle of shifting and gating is repeated eight more
times to gate in the rest of the 40 binary digits. Near the end
~of the tenth revolution, when the brush leaves segment 3, the.
fortieth left shift is performed. The shift counter is then at
40 which agrees with the number in the address part of the tape
order. The recognition circuit sends out a recognize signal. When
the brush passes over segment 4 and reaches éegment 5, the last four
digits are gated into Rl'

As the brush passes over the stop and start segments on

the eleventh revolution, the tape pins sense the eleventh row of
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holes in the tape. If the tape was correctly prepared, this row

of holes will contain the space code. The switch that is associated
with tape pin number 1, which never senses a hole for any of the
sexadecimal codes, will nbow move to the "hole" state and energize
the tape stop relay. The tape stop relay has three sets of contacts.
One removes the ground from the distributor brush so that the shift
relay will not be operated on this revolution and also closes a
holding circuit for the tape stop relay. The second opens the cir-
cuit to the gate cathode follower grid. The third de-energizes the
clutch release magnet so that the brush will stop at the end of the
eleventh revolution. A cathode follower that is fastened to the
clutch release magnet sends a negative tape end signal to the in-
terplay control,‘and the computer is ready to proceed with the next

order.

3.4 THE OUTPUT OPERATION. The output circuit forms the

usual type of time sequence signal for the operation of either a
teletypewriter or a nontyping reperforator. This consists of seven
parts: stop, start and five digit times. Each portion of the sig-
nal is about 20 milliseconds in duration. During the stop portion
of the signal, and also whenever the circuit is at rest, the circuit
to the printer line magnet is closed. During the start time the
circuit is opened. The start signal sets the printer mechanism

in operation. During the remaining five signal times the circuit

to the printer line magnet may be either opened or closed depending

upon the particular five digit code that is being sent to the printer.
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The standard teletype code uses five digits to give 25 characters.
The binary code that is used with ORDVAC, however, uses only k4
digits to give 16 characters plus an extra code of all five "1"'s
for a space. The four digits that are used are numbers 2 through
5 in the time sequence.

The operation of the output circuit may be followed by
referring to Drawing 356.

The signal for the printer line is timed Dby a modified
transmitter-distributor. Only the distributor portion is used.
The output circuit senses the digit in 2OR2, The word in R, is
shifted left one digit at a time under the éontrol of the output
transmitfer—distributor until all 4O digits have been sensed and
printed as 10 sexadecimal characters.

In its rest position on the stop segment, the brush keeps t
the stop relay energized. This relay supplies the stop signal to
the printer line. A second set of contacts on this relay is con-
nected to the stepping relay magnet. This stepping relay has 11
positions and is of the cyclic type, 1.e., it moves from position
11 back to position 1. The stepping relay is cocked when its '
magnet coil 1syenergized. When the circuit to the magnet coil
is broken, a spring causes the relay to move to the next ppsition.
At the beginning of the output operation the Ftepping relay is
in position 1l1.

The output operation begins when the two signals (out-

put and operate) and (go enable) cause the output start relay
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to release. This energizes the clutch release magnet and the
brush begins to move. The output relay also closes the circuit
to the stepping relay magnet through the contacts of the stop.
relay which was already oﬁerated. This cocks the stepping relsy
which is still in position 11.

When the brush moves to the start segment the start relay
i1s operated and sends the start signal to the prinmter line. The
stop relay is de-energized and in turn de-energizes the magnet of
the stepping relsy. The stepping‘re1€y then moves to position 1.

As the brush moves to segment 1 of the distributor, the 1
relay is opefated. This opens the printef'line circuit regardless
of the state of the digit relay and sends a "O" or "no hole" signal
to the printer.

The digit relay is connected to the flipflop 20R2. If
the digit in this flipflop is a "1", the digit relay is energized;
if the digit is a "O", the digit relay is not energized. This will .
cause the circuit to the printer line magnet to be either closed or
opened,respectively, during the time the brush is on segment 2.

When the brush first hits segment 3, the shift relay is
energized. Thls enables exactly one left shift by the same means
that was described in section 4.1. The second Qigit of fhe word
that is to be printed is now in the flipflop,EORQ, and the digit
relay is operated or not according to its value. The second digit
of the word then determines whether or not the gircuit to the printer

line maghet 1s opened or closed during the time the brush is on
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‘segment 3.

As the brush leaves segment 3, the shift relay-is'de-
energized and a second left shift is enabled. The third digit of
the word in R, is now sent to the printer line during the time the
brush is on segment 4.

When the brush reaches segment 5, the shift relay is ener-
gized and another left shift is enabled. This causes the fourth
digit of the word to determine whether the line to the printer
magnet is openéd or closed. A fourth shift is enabled when the
brush leaves segment 5 and the shift relay releases.

When the brush reaches the stop segment at the completion
of its first revolution, the stop signal is again sent to the
printer. The signals that have been sent to the printer will cause
one base sixteen character to be printed corresponding to the first
four binary digits of the word that was in R2. The stepping relay
is cocked and ready to step to position 2, as soon as the brush
leaves the stop segment and releases the stop relay.

As the brush passes over the start segment and segment 1,
two open circuits are sent to the printer. During the remainder
of the second revolution of the brush, signals corresponding to
the digits 4 through 7 of the word in R, are sent to the printer.

2

These signals cause a second sexadecimal character to be selected

in the printer.

Revolutions three through nine of the brush send 28 more

binary digits to the printers in groups of four.
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As the brush leaves segment 5 near the completion of the
tenth revolution, the fortieth left shift is enabled. The digit
that was originally in 2_39R2 now gets shifted off the end. At
this point the contents ¢f the shift counter agree with the address
in the output order and so the recognition circuit produces a re-
cognize output. An end signal is then sent from the arithmetic
stop chassis to the interplay control and the computer goes on to
the next order. Part of the output circuit continues to function,
however. The brush makes an 11lth revolution. As it hits the stop
segment, the stepping relay is cocked to step to position 11 and
the stop signal is sent to the printer line. As the brush passes
over the start segment, the start signal is sent to the printer
line and the stepping relay moves to position 11l. When the relay
is in position 11 it keeps the circuit to the printer line magnet
closed as the brush passes over the five digit segments. This sends
a "five holes" or "space" signal to the printer. It also opens
the circuit to the clutch release magnet which had been held closed
in position 1 through 10. The distributor shaft will therefore
stop at the end of the 1l1th revolution unless at that time there is
anotherboutputvorder in R3. While the stepping relay is in the
11th position, the circuit to the shift relay is opened to prevent
unwanted left shifts should another output order come along while

the space signal was still being sent.
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CHAPTER 4

THE MEMORY

The general requirements for a memory are that it be
possiblé to write information into it, read information from it,
and store the information. The memory used in ORDVAC is of the
Williams type in which information is stored as a potential dis-
tributioﬁ on the phosphor surface of a cathode ray tube.

A brief description of the fundamental process of this
storage system can be given for a single address or spot of the
cathode ray tube. If we consider a beam of electrons falling on
this spot, then for most "ordinary" potentials of the phosphor the
secondary electron emission ratio is greater than one, so that when
a beam of electrons initially strikes fhe phosphor, the number of
electrons which leavés the phosphor is greater than the number re-
ceived by the phosphor. In a very short time the spot in question
becomes more positive in potential with respect to any point of
fixed potential, and it continues to change in potential until it
becomes sﬁfficiently positive to reduce the number of electrons
which leave that spot. Eventually, an equiblibfium is reached when
the number of electrons arriving eguals the number of electrons
leaving but at this time the region is positive with respect to the
surrounding phosphor. Since the phosphor and the glass are very
good insulators, this potential distribution,is retained for a few
tenths of a second without noticeable change. In order to make a
storage system, it is necessary to sense the existence or non-existence
of the potential distribution which has just been described. In the
terminology which follows, if the beam is turned on at a single spot

and turned off according to the foregoing description, the spot in
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question is called a dot and represents the binary digit 1 in ORDVAC. The
potential distribution corresponding to a dot can be altered, and in fact,
"destroyed" by turning on the beam at a location immediately adjacentto the
original position. When this is done in the ORDVAC memory the resulting
potential distribution for the dot is called a dash and represents the binary
digit O.

It is possible at a later time to detect the difference between the
two potential distributions just described by turning on the beam at the
original dot position. If this is done and the previous potential distribu-
tion corresponds to that of a dot (or 1), then the potential distribution
on the phosphor will already have been in existence and no displacement
current will be registered by a screen placed on the outside surface of the
cathode ray tube. But if the potential distribution were that corresponding
to é dash, the potential at the dot position would have been "destroyed" and
. the process of turning on the beam would recreate the dot potential and a
displacement current would be sensed by the screen attached to the cathode
ray tube. Thus by this simple explanation the detection screen would sense
a positive signal if the previous distribution had been that of a dash, and
the sensing screen would detect no signal if the previous distribution had
been that of a dot. This explanation must be altered somewhat because of the
field produced by the existence of the electrons in the electron beam. This
field tends to make both the dot signal and the dash signal as observed on the
pick-up screen somewhat more negative than would otherwise be the case so that
the resulting signals are negative for a dot (or 1) and positive for a dash
(or 0). This explanation is a brief one which may be helpful in understanding .
the follbwing pages, but it should be understood that it may not be physically

precise.

Storage of information on tﬁe phosphor must be accomplished for periods
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much longer than l/lO of a second, which is the longest safe time
permitted on the cathode ray tube surface. This storage is accomplished
by "regeneration". 1In the ORDVAC memory facilities are provided so that
when the memory 1s not in use for arithmetic operations a test 1s made.
of each spot of the memory in order and each spot is regenerated by
appropriately turning on or off the beam so that a "fair" dot is re-
genefated into a "good" dot and a"fair" dash is regenerated into a
"good" dash. By this scheme, it 1s possible to hold information in the
memory for indefinite periods of time. The relationship of the dot

and dash spot is shown in Figure L.1.
Dot position :::}3
Dash position
Figure 4.1 Spot Relationship

4,1 QENERAL OPERATION AND LOGICAL STRUCTURE. The ORDVAC

memory operates in two separate phases: an action cycle and a regenerate
cycle. The first is the sequence of operations which must be carried
out to write into or read from the memory. The second is the sequence
of operations which must be carried out to refresh the contents of the
memory and prevent their being lost. A regeneration process is always
going on whenever the memory is not being written into or read from -

as, for example, while the arithmetic for a multiplication is being
done. Drawing 350 indicates how the various elements of the memory

are arranged. The primary driving unit for the regeneration system is

the mehory clock. It is used to trigger a pulser chain which directly
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controls the various operations the memory performs in storage. Pulses from
the pulsers drive a dispatch counter (Section 5.16) which is used to provide
information about where the beam will be positioned during regeneration and
during the reading out of orders'from the memory. These pulses are also used
in the memory synchronization chassis for tying the memory té the remainder
of the machine. In the regeneration chassis, they, along with signals picked
up from the cathode ray tuberscreen, are combined logically to provide re-
generation of the raster and for reading into and out of the memory. The
address generator decodes the information in the address part of an order and
in the control counter and positions the beams of all 40 cathode ray tubes in
parallel along with a slave used to view the contents of the memory.

Drawing 333 indicates the pulse chain which is generated upon the
advent of one clock pulse. The clock delivers one pulse every 24 microseconds.
The operation which ensues is dependent upon the signals which have been de-
signated as "A" and "R" on Drawing 196. Actually, fhe "AT siénal indicates
to the regeneration chassis that information is to be written into.the memory.
The "R" signal means that a regeneration is to be performed or infbrmation
is to be read out of the memory. These are identical operations so far as
the memory is concerned. |

The operations performed by the regeneration‘chassis are indicated
by the logical diagram in Drawing 351. Since the operations "A" and "R"
are complementary, one of them may be considered to be on during any re-
generation or write-in cycle.

Let it be assumed that the signals on the action and

regenerate wires indicate regenerate. Then, upon the advent of a
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dot pulse, the beam will be turned on at a position already set
by the address generator. The beam will bombard the spot in
question and a characteristic signal will be coupled to the pick-
up screen depending upon whether a charge did or did not reside‘
at the spot. The signals are similar to those shown in Figure

k.o,

[ Dash Test Pulse
Dash Signal

Dot Signal

Figure 4.2

Memory Signals
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fhese signals are those coming from the amplifier and, as
the amplifier used is rather nonlinear, they probably bear only
polarity similarity to the actual signals at the screen. At the
output of the amplifier the signals are presented to a gate con-
trolled by the dash tést pulse. Its relative position and time
phase is shown in Figure k.2. Signals rising above the dash test
pulse open the gate to set the flipflop. The "or" circuit pre-
ceding the gate is merely a clamp to limit the positive excursion
of the dash signal presented to the gate.

After the setting of the flipflop (if there is a dash signal)
an additional "and" circuit is activated which leaves thévbeam turned
on. The regenerate dash pulse, however, sets a flipflop (not shown
here) which causes the address generator to insert a slight vertical
motion to the beam, thus positioning it at a spot adjacent to the
original one. While turned on here the secondaries from this spot
discharge the original spot, thus leaving that point essentially
uncharged, as i1t should be if a dash is to be retained. If the sensed
spot had been a charged one, then the flipflop would not have been
set and the beam would have turned off at the completion of the dot
signal prior to the incremental vertical motion and the charged would
have been maintained at the original spot.

In order to read out the information in the memory, it is
but necessary to look at the signal from the cathode follower on the

0 side of the flipflop.
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If the input to the regeneration chassis is action, then
the beam will still turn on with the advent of a dot pulse. The
sensing process will be the same even to the turning over of the
flipflop. This information is not used in the operation but is
merely done for uniformity of circuitry considerétions. The beam
will stay on after the dot pulse goes off due to the presence of
the writing dash pulse if the digit to be read in from the accumu-
lator is a O. The address generator will again reposition the spot
slightly with the start of the regeneration dash and so a dash will
be written in. If the incoming digit is a 1, it will be turned off
at the completion of the dot bulse. Thus an uncharged spot or a

dash corresponds to a O and a charged spot or a dot to a 1.

L .2 CIRCUITS.

Video Amplifier and Williams Tube Control. (Drawing 196)

This is the basic chassis. This chassis contains the amplifier and
logical circuitry associated with tﬁe beam control.

Each chassis (of which there are 40) is mounted above its
cathode ray tube, and the power and driving pulses enter and leave
through a 16-pin socket in the end of the chassis. Drawing 358
shows the physical layout of the tubes, the plug connections, and
the output and input luge other than these. The pickup screen from
the face of the cathode ray tube is connected to the input of the
amplifier by a lead passed through a piece of braid and down through
a hole in the top of the cathode ray tube shield. The braid is .

soldered to the wall inside the tube shield. The fore end of the
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chassis is bolted to the tube shield with a screw turned into a
tapped hole in the chassis. When the chassis is in operating con-
dition, a phosphor bronze lead is soldered to lug No. 4 on the
front of the chassis and goes to the grid of the corresponding
flipflop in the accumulator register. Lug 3 is the output lead
and passes down an insulated wire to a terminal anrd and then
through»phosphdr bronze leads to the order, arithmetic, and memofy
registers.

It will be found that this chassis will require fepairs
more than any other in the machine, both becauée of the number
involved and because due to the high amplifier gain, it is the
most sensitive. These repairs will be discussed‘later.

In normal operation the output from this chassis will be
used to adjust the memory for focus, intensity and’astigmatisﬁ.
Lug number 1 on the chassis front is generally used to observe the
amplifier output. It is connected to the cathode of thé last am-
plifier stage through a 1K resistor. Signals heré(are about. 0.5
volts in amplitude, and the amplifier output signals as shown in

Figure 4.3 are present.

Address Genefator,(Drawing 195). The address generator

positions the beam on the tubes and drives all deflection plates

in parallel. The positioning informetion is delivered in two sets

to two inputs of the address generator, one from the order register,
. -10 -19

digits 2 through 2 , and the other from the common side of the

dispatch counter. These are supplied to the deflection circuits in
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accordance with signals from the memory synchronization chassis,
the inputs coming from the order register on the action signal
and from the dispatch counter on regenerate. The logical circuitry

involved in this process is indicated in Figure 4.3.

- 2~y | | 279,

ACTION

REGENERATE

2°CcTR. 2'CTR.

1 I
POSITIONING <IRCUITRY

Figure 4.3 Beam Positioning
Circuitry

It should be noted that the ACTION signal here is not identical
to the one called A in the video amplifier and Williams tube con-

trol chassis. As noted, that one appears only upon writing into the

8k



memory. This action signal appears whenever information is to be
read into or out of an address specified by the order register.

The binary information is converted into voltages by the
tubes in row 5, columns 2 through 11. These tubes act as constant
current sources pulling on the two sets of deflection buses. The
common plate resistors are used to convert these currents to vol-
tages. Each of these tubes has only 1 side conducting at any one
time during its use, and so when one grid is up, the other is far
down. This yields the push-pull on the two plate buses. The binary
information is moved in steps by altering the combination of on and
off sides of the five tubes in each of the horizontal and vertical
deflection systems. The cathode resistors are arranged in powers
of two, those tubes having the most effect having the least size
cathode resistors.

As the deflections must be absolutely stable in position
from one regeneration to another, some considerable care must be
exercised in regulating the -150 supply for the deflection cathode
resistors. This regulation is provided by a voltage regulation
circuit of fairly long time constant.

The plate supply voltage for the tubes determines, along
with the total deflections, the average value of the push-pull
voltages to the deflection plates. 1In order to have proper astig-
matism adjustment of the cathode ray tube one must be sure that the
average values of the vertical and horizontal voltages are the same.

Since the raster is square and the vertical deflection sensitivity
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is less than the horizontal, larger voltages are needed for the
vertical deflection. This means that the positive supply voltage
for the vertical deflection resistors must be somewhat higher. The
cathode’follower source for this side is then correspondingly higher.
In order to keep exterral noises coming from the cathode ray
tubes from disturbing the deflection lines, the 40 tubes are split
into two groups of 20 and these are driven so that the deflections
are reversed. This tends to cancel out noises coupled to the de-
flection plates which would have a push pull component due to the
differences in capacity of the two plates of each set.

Twitch Chassis. (Drawing 318). In order to gain a reasonably

good space factor between spots, the raster has been adjusted so that
nearly equilateral triangles are formed. This means that each address
is surrounded by six other addresses on the corners of a hexagon,

as shown in Figure U4.k.

Figure 4.4. Raster Pattern
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The twitch chassis shown in Drawing 318 does this by shift-
ing every other row a half address horizontally as dictated by the
first vertical stage of the address generator. The twitch is verti-
cal. It was found that by reversing the direction of the twitch
on every other row a better spacing could be achieved for an improve-

ment of the read-around ratio. (See Section 4.3). Thé& read-around

ratio was optimized by adjusting the unit vertical spacing'in the
address generator such that all six surrounding spots failed at the

same read-around ratio.

Diode Chassis,(Drawing 231). Noises which come into the

address generator ffom the counter and order register are clipped
off on the upper end by the grid circuit of the inverter tubes in
Row 4 of the address generator. To clip off noise on the lower

edge a diode, returned to a low impedance source of —1h‘volts, is
fastened on the input grid of this inverter. The circuit of these

tubes is shown in Drawing 231.

Clock,(Drawing 370). The primary driving source for the memory
system is the clock shown in Drawing 370. This circuit produces a
shafp positive spike every 24 microseconds to trigger-fhe~differentia—

ting networks into the pulsers.

Pulsers. (Drawing 318). The standard memory pulser is shown
in Drawing 368. There are eight of these pulsers mounted in pairs.
The lengths of the pulses may be adjusted by altering the resistor

R. The positive limit for the pulses is set by resistor Rl,\the
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negative by resistor R2. These values differ from chassis to
chassis somewhat due to the difference in pulse lengths and the

cathode follower banks used with some of the pulses.

Pulser Cathode Followers .(Draving 176). This chassis

provides the driving power for some of the pulses to the memory which
require either more current or speed than the output cathode follow-
er of the pulser is capable of supplying. Drawing 176 shows the

distribution of the cathode followers to the pulses.

Bleeder Chain and Connections , (Drawing 216). Drawing 216

gives the bleeder chain which supplies the electrodes. The focus
and intensity potentiometers are mounted above the memory positions
on the front of the tube; the astigmatism potentiometers are mounted
at the rear and are adjusted from the front with a shaft which comes
through the tube shield cover. The bypass condensers are placed to
the rear of each cathode ray tube socket as are the diodes.

The astigmatism control driver attached at X is shown se-

parately at the top of the drawing.

Slave Tube and Associated Circuitry'.(Drawing 372) . Drawing

372 shows the slave tube which allows each memory tube to be viewed
remotely. Choice of position is obtained by use of a 40 position
switch controlling the input from cathode followers from each memory

position. These cathode followers are shown in Drawing 357.

4.3 READ- AROUND RATIO AND FLAWS.

Read-Around Ratio, It will be found to be desirable to




check the performance of the memory periodically. One of the per-
formance testé is to'use a;routine which will go successively through
the positions of the memory, bombarding each position with dashes
after‘sétting all éurrounding addresses to dots, and noting dot to
dash failures in these surrounding spots. The read-around ratio

at any given sPdt is defined as the meximum number of times the spot
nmay bé bombarded without causing(this type error. It will be found
that there is a gfeat tendency for most of the failures to occur at
the edges and near large geps 1n the raster. A typical run of such

a test, observing all poinfs, showed fallures in thekfol;owing total

number of points out of the 40 x 1024 = 40,960 total.

READ-AROUND RATIO TOTAL FAILURES

5 0
10 0
16 1
2L 1k
32 25
40 83

Flaws , The memory is also disturbed by the presence of

flaws on the storage surfacé; In general these decrease the secondary
electron ratio and cause a decrease in the dash output signals. When
this situation becomes too critical, storage on tHesg flaws becomes
impractical and either the tube must beAdisqarded, the raster must

be moved off the flaw, or the coders must’bé told not to use the
address in question. It has been found that there 1s a marked differ-

ence in the number of flaws on different tubes. At one time a plot

89



of the flaws on 40O tubes showed a total of 29 flaws of the trouble-
some size. However, the same check showed that there were 26 flaw-
less tubes.

.. To aid in avoiding flaws on the ;aster, two potentiometers
have been inserted in the deflection bus driver cathodes to allow
about one and half address motions both vertically and horizontally.
This enables the entire usuable raster to be scanned for flaw free

regions, and it is generally possible to avoid all flaws.

4.4 MEMORY ADJUSTMENT AND MAINTENANCE , To adjust the
memory the intensity should.first be turned up until the dash signals

just begin to saturate the amplifier. (See Figure 4.5 )

Dash Signal
Dot Signal

Figure 4.5

Dot and Dash Signals
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Then the focus should be adjusted so that all the dash
traces are as nearly coincident as possible in the sensing region
as are all the dot signals. (SeehFigure 4L.5). Then fhe astigma-
tism should be adjusted tb improve on the focus adjustment if
possible. A couple of repetitions of thg focus—astigmatism ad-
Justments should yield a reasonably sharp ciean trace for the
dash signals and dot signals which’go very little above the base
line in the positive dash region. Aftér this the intensity should
be adjusted up to a value which is as high as is compatible with
no "fuzzing up" of the dotlsignals into the positive regién of the
dash where the sensing is done. It will be found that the response
to changes in the intensity, focus and astigmatism settings will
be rather sluggish due to the by-pass condensers on their leads.
This is particularly true of the astigmatism adjustment. These
adjustments should preferably be made with the machine carrying
out a routine which pﬁts a reversing pattern of dots ahd then dashes
on the memory tubes. This can be done by setting the switch to
"Order Pairs" and ﬁutting into R3 the pair of orders clear subtracf,
store. A check on the accuracy of the settings may be found by
observing the slave tube. All spots should be going from dots to
dashes and back again in succession except on tube 39 which is all
dots. Misadjustments may be noted by pushing the clear button,‘
which forces the memory to all dots, and then observing whether
any spot seems out of phase with its neighbors. ‘The only ones which

should be out of phase are those falling at the break in the patterm
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where the clear was released.

Checking the Chassis in Place, Failufes to write in dashés
may be caused by low intensity, flaws in the face of thé tube or
possibly very poor focus or astigmatism adjustmentsi If the above
ad justments ére correct, the amplifier may be faulty. A portibn'
of the logical circuitry may be at fault or the gain of the ampli-
fier may seém to be insufficient.

To check the logical circuitry try to turn the tube to
all dashes by grounding lug 2 on the face of the tube, thus pﬁlling‘
up on grid 7 of V6, Drawing 196. TIf dashes will not write in, the
logical circuitry, including the flipfldp and its gates, is in all
probability at fault. if this operates corréctlj and the amplifier
output signals are of the prbper shape,»the amplifier gain is probab-
ly down. This is’generally due to a loss of emission in the last
stage. Since thié tube saturates when thé 6utput signal is positive,
loss of emission decreases the output signal to an unreliably lowi
value. Itsvéffect is principally felt because the signal rises
too slowly for prdpér sensing. Changing the fdurth amplifier stage
tube will generally correct the trouble.

In the event of a failure to write in a dash correctly from
the accumulétor the input lead on lug number 4 on the front end of
the chassis may be grounded and another attempt made. A fallure then
indicates a failure of the logical circuitry. By checking the chassis

output which is commected to the cathode of V16, the ability of the
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chassis to produce the desired signal may be checked. By setting
all the inputs to the desired voltages, the output on pin C of

the back plug should be as shown in Figure 4.6,

7N §

lus e 3us __
Dot Dash

Figure 4.6
Pin C Outpucs

When a cathode ray tube is picking up dashes rapdomly, there is
probably something physically wrong with thevcomponents of the chassis
unless the errors are common to other positions. Thése common errors
will be discussed later. The randomverrors will generally originate
in the chassis and it should be removed for repair. .

If there are errors common to more than one cathode ray
tube, some single unit such as the address generator, pulsers, clock
or power supplies is probably at fault. It is easily seen that should
any of these vary too much, the memory would not work properly for
either so much noise would appear in the amplifier that errors would
result or the beam control logical circuitry would not be able to

operate as designed.
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External Repairs . In repairing the removed chassis, a

number of more or less standard tests will usually locate the
trouble. A voltage check of the amplifier condensers may be made
by putting about 300 volts in series with a voltmeter in series
with the 300 volt input while the chassis is disconnected, and then
checking to see that the voltmeter goes to O. Very small leaks may
be found in this way, and these often are indicative of intermittent
spitting in one of the condénsers or in some tube. Checking the
circuit diagram will show that this one check covers almost all of
the condensers in the chassis. The feed-through condensers also

are checked and are often a cause of trouble.

After this test the chassis may be finally checked in a
one-digit test memory. Here 1égical difficulties may be traced
through rather simply. Intermittent errors may be checked by tapping
the chassis and tubes and observing the océurrence of errors. These
will usually be dashes gained on a field of dots. It will be found
that the first amplifier stage will cause errors when tapped, even
in the casé of good chassis. Other points should be free of mi -

crophonism with reasonable tapping.
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CHAPTER 5

THE CONTROL

One of the principal components of any automatic com-
puting machine is the control. The ORDVAC control consists of
some 500 vacuum tubes located in 30 chassis. Most of these chassis
are quite well localized, but a few, notably those associated with
the end connections, are scattered through the arithmetic unit.

It is the function of the control to caryry out the indivi-
dual operations necessary for executing the orders which the pro-
grammer has combined into a routine for solving a problem. Because
some of the orders require complicated sequencing and because there
is a considerable variety of orders, the control is a highly inter-
connected component with very little duplication of circuits. This
means that the connections between chassis are in many cases very
numerous and that it is usually not possible to describe fully
the operation of one of the control chassis without referring to
elements of other chassis.

The control operates by withdrawing orders and numbers from
the memory. In general it can be said that the control alternates
the process of withdrawing pairs of orders with the process of
executing them. Most of the work of the control is done between
references to the memory. For example, all of the operations of

arithmetic are handled by the control.
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Thus in multiplication a number of steps must be carried out be-
tween the time the multiply order and the multiplicand come out

of the memory and the time the product is put back into the memory.
While it is impossible to separate completely the various control
functions, we shall in this manual discuss separately those opera-
tions which are and are not closely associated with action by the
memory.

Two kinds of drawings have been made for the control:
circuit drawings and logical drawings. It is usually very difficult
for a person unfamiliar with a schematic control circuit to under-
stand its operation, because it is laid out for simplicity in wiring.
For this reason reference to logical drawings will frequently be
made. The logical symbols used and their circuit equivalents are
given in Dréwing 352. It will be found that nearly all circuit
elements are as shown, although exceptions occur occasionally.

The control chassis all have names, but in order to make
designations simpler each has been given a code letter. The names
and code letters are given in Table. 5.1.
| Reference to tubes will be by code. Thus gate C63 is tube
63 in chassis C which is the Arithmetic Control Chassis. It is en-
abled by inverter C50 which gets its signal from cathode follower
J13.

5.1 THE ORDVAC ORDERS. It has already been said in Chapter

1 that the orders are stored in pairs in the memory, each memory

address being able to hold two 20-digit orders, a left hand (or
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SYMBOL

Q
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COMPONENT
Shift Sequencing Chassis
Arithmetic Stop Chassis
Arithmetic Control Chassis
Decoding Chassis
Driver ITI Chassis
Delay Selector Chassis
Carry Delay Chassis
Counter Output Chassis
End Connection Chassis
Complement Gate Driver Chassis
Input-Output Start and Shift Chassis II
Memory Control Chassis
Memory Synchronization Chassis
Register Selection Chassis
Address Generator
Memory Pulser
Dispatch Counter
Input-Output Start and Shift Chassis T
Input-Output Relay Circuit
Video Ampiifier
Input Transmitter-Distributor
Interconnection Chassis-Input-Output
Even Order Gate Chassis
0dd Order Gate Chassis
0dd Address Gate Chassis
Even Address Cathode Follower Chassis

Table 5.1
Chassis Designations
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DRAWING NUMBER
181,189,354
343,348

2k /300,380

260, 305
171
2ks5,302
236
253
273,257
198
271
289,301
290,301
288,301
195
368
27h
326
167
196
17h
327
251
250
2kg
252



even) order and a right hand (or odd) order.

Each order is in turn divided into two 10-digit parts,
an instruction part and an address part. The address part is
made up of the rightmost 10 'digits of each order and the instruction
part occupies the leftmost 9 digits. The 20th digit (2'9 or 2‘29)
is unused. .

The instruction part of an order is always sent to the De-“
coding Register for decoding. The decoding will be described in
connection with the Decoding Chassis, and the manner of gating to
this chassis will be described in connection ;ith the Interplay

Control.

The address part of an order can specify one of three
things:

(1) A location in the memory from which a number will

be taken or to which a number will be sent,

(2) A location in the memory from which an order will

be taken,

(3) The number of shifts for a shift order.

In (1) the address goes to the Address Generator, in (2)
it goes to the Control Counter, and in (3) it goes to the Recogni-
tion Circuits. The manner in which these transfers are handled is
described under the components mentioned. For the present it is
necessary only to know that these three'poséibilities exist and
that only the left hand (even) address is commected to the 3 places

mentioned. The odd address is gated to the even location by the

0dd Address Gate when it is needed.
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A convenient separation of the orders into groups may be
made as follows:
I. Arithmetic Orders
(a) The 8 addition orders
(b) The 3 multiplication orders
(c) Division
I1. The 8 A Orders
IIT. The Shift Orders
(a) Left Shift,
(b) Right Shift,
IV, The Input-Output Orders
(a) Read in from the tape, T
(b) Read out to the printer, P
V. Store Orders
(a) Write into the memory, M
(b) Write partially into the memory, E, E'
VI. Control Transfer Orders
(a) Unconditional transfer, U, U’
(b) Conditional transfer, C, C'
(c) stop, z
VII. The R Order
The foregoing grouping of the orders was made because of
common properties they possess. These properties are as follows:
I. The Arithmetic Orders all require a readout of a
number from the memory into R3 as part of the order. They all re-

quire shifts in the registers in their execution. The addresses all
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go to the address generator.

II. The A Orders are identical with the addition orders as
far as execution in the arithmetic unit is concerned and are dif-
ferent in that instead of comiﬁg from the memory the addend (or
subtrahend) comes from R2. A memory readout cycle is used for the
transfer from R2 to R3. The addresses go to the control counter.

III. The Shift Orders in their execution are often the same
as certain steps.in the Arithmetic and A orders. Their addresses
are sent to the recognition circuit.

IV. The Input-Output Orders are primarily shift orders
and are treated in much the same way. The addresses go to the
recognition circuit.

V. The Store Orders are the only ones which write into the
memory. They involve no shifting. Their addresses go to the
address generator.

VI. The Control Transfer Orders are logical in nature.
They cause neither memory action nor shifting. Their addresses go
to the control counter.

VII. The R Order requires a memory readout into R2'and«is
- actually, except for the register tb which iﬁ comnunicates, the same
as the first part of any Arithmetic Order. Its address goes to the

address generator. ,

5.2 PRINCIPLES OF OPERATION OF THE CONTROL, The ORDVAC

control is asynchronous. There is no over-all timing device, and

each operétion of the control is carried out only when it receives
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a signal that the preceding one has been finished. Most of the
sequences therefore require a closed loop in order to carry out
repetitive operations. The fundamental principle which has been
adhered to in the design of the control is that its operation must
be reliable. Consequently a number of "safety features" have been
included, being paid for in speed.

The use of one flipflop F to sequence a pair of operations
illustrates the functioning of an asynchronous system. Let the

two operations be designated A and B, as shown in Figure 5.1.

Figure 5.1 Simple Sequencing

When F = O, A occurs, causing F to turn to 1 and initiate
B. This returns F to O, and the steps are repeated. This simple
example clearly has defects. For one thing, when F’goes to 1 it
turns off A and starts B. It is possible that A may not be com-
pletely off when B begins, and troﬁble can occur if the two are
related, as when A is clearing a register and B is gating to the

same register. This can be avoided by putting on safety circuits
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as shown in Figure 5.2

Figure 5.2

Safety Circuits for Sequencing

When A occurs F is turned to 1 as before, and this shuts
off A. But now B cannot go, because of the "not" circuit, until
A is off. The same thing holds for the other state. This is a common
device for assuring that an operation is off, and it is frequently
used when it is necessary to know that a signal such as a gate sig-

nal has gone down and is back up again.

Another principle is that of sensing the last moving element
of an operation whenever possible. This is illustrated in Fig. 5.3

for the case of a flipflop and gate, where it is of particular im-
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portance.

Y

+ 10V
-0V

Figure 5.3
Flipflop and Gate

Let us suppose that pin 2 is high so that the flipflop is in the 1
state. We want to turn it to O and to sense when it has turned.
When the gate conducts, the voltage on pin 2 starts to fall, as does
that on pin 6. This causes the voltage on pin 1 to rise and brings
up the voltage on pin 5. The obvious place to sense is pin 6 since
it is negative for O and we use negative signals.V But this would

be dangerous because the flipflop may not be completely turned when

¥ With few exceptions the ORDVAC control uses negative voltages

to initiate operations.
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pin 6 enables the sensing tube, and something may occur to
prevent its turning.

We therefore sense from pin 5 with an inverter, as shown
in Figure 5.4. Because of the cutoff characteristics of the tubes,
the inverter cannot supply an output signal until the voltage at
pin 5 has risen to a value which assures that the flipflop has

turned over.

+iov
-0V

l,CDLFTF’LVT

Figure 5.4

Flipflop Sensing for Safe Operation
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PART T

PRINCIPAL CONTROL ELEMENTS FOR ARITHMETIC

We shall be primarily concerned here with orders listed
in categories I, II, III, and IV of Section 5.1. They are carried
out by using registers, the adder and digit resolver, and a number
of cont;ol chassis. The control chassis involved carry out the
operations by sequencing appropriafely the clearing and gating
operations in the registers and the gate from the adder.

We shall assume here that the proper operands have been
put into the registers and that we need consider the address part
of an order only for those orders in III and IV.

The discussion of how the operands get into the registers
and how the addresses of orders are handled will be given in Part

IT, the Interplay Control.

5.3 SHIFT SEQUENCING CHASSIS.(Drawings 181, 189, 354). It

is the function of this chassls to perform the sequencing operatipns
which control shifts in R, and R, . It goes through the four
stéps which are necessary to shift R, ‘(and the slave R2) right or
left or to admit information from the digit resolver into Rl and
shift it right of left into Rl (R2 following as before).

The sequences which this chassis carries out are given in

Tahle 5.2.
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(1)

(2)

(3)

(&)

OPERATION RI SEQUENCE
1 1
Shift right BCR™, YGR
YCRl, BGRl
1 1
Shift left BCR™, YGR
GCRy, RGR;
1 1
Enter from digit RCR™, GGR
resolver and shift
right YCR, » BGRl
Enter from digit RCRY, GGRL
resolver and shift
left
GCR,, RGR,
Table 5.2

BCR®, YGR

GCR RGR,

Same as (1)

Same as (2)

Sequences in Shift Sequencing Chassis
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There are four steps necessary for a shift - two clears
and two gates. These steps are carried out by a pair of flip-
flops which proceed successively through thé states 11, 10, 00
and 0l, repeating as many times as is required. As each step is
completed one of the flipflops is changed to initiate the next
step.

The sequencing of the four operations making up the
shifts described in Table 5.2 is fundamental to all arithmetic
operations. Much of the remainder of the control is devoted to
supplying information to the shift sequencing chassis.

Two flipflops Al8 and A21 (referred to sometimes as Tc
and Tg, the subscripts standing for "clear" and "gate") carry out
the sequencing in a manner analogous to that described in Section
5.2. BSince as shown in Table 5.2, there are actually four se-
quences, each having four steps in RI’ more information than that
given by Tc and Tg is needed, and this information is furnished
from the decoding chassis by the signals L and R of D58 and from
the arithmetic control chassis by the signals "O" and "1" coming
from Cil and C8, respectively.

The output signals from the shift sequencing chassis operate
the registers, but not directly. They go through intermediate chassis
(the clear driver drivers, the clear and gate drivers and the
Driver ITII chassis)which supply the necessary power and voltage
levels for clearing and gating and which,in the case of the Driver

ITT chassis, do some limited logic.
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Moreover, even the signals to these chassis are not
always direct. For if the adder is being used we must make the
machine wait for carries before gating the result of the addition
intb Rl. Therefore there are outputs to the Delay Selector and
inputs from the Carry Delay.

The clears and gates in the shift sequencing chassis
always work in pairs. Thus we always have RC-GG, BC-YG, GC-RG,
and YC-BG.

The restlﬁositions for toggles T, and Té are the states
1,1. These are the states for RC or BC. The other states are
given in Table 5.3. Rather than describe the behavior of every
possible sequence in this chassis, we shall choose the case in
which we have the signals R and "1". We shall then create the
sequence RCRl, GGRl,vYCRl, BGR; and the slave sequence BCRQ, YGRZ,
YCRo, BGRp. It will then be quite clear how the chassis works.
(Refer to Drawing 354).

If we have the states Tc = 1, Ty = 1, and "1", and if
the signal Eb (RGR, or BGR,) is off, then the signal RCR® goes
from A6 to register RL by the way of clear driver driver and
clear driver ;hassis. It sets flipflop F3 to 1. When the Rl
clear bus goes down, two signals go from it to the Delay Selector,
one via the "on" circuit El. As described in Section 5.7, a
delay will occur and the control waits for it. When it comes,
there is an output to BCRQ. This will turn T, to O at pin 7

of Al2, shutting off RCR! and thus, through a chaln of chassis,
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shutting off BCRQ. When BCR2 comes back up GG-R1 is enabled be-
cause flipflop F3 supplies a GG enable signal and disables YGRl.
From Al3 a signal goes through the Rl gate driver and causes GGR%
This causes YGR2 via OR c&rcuit E3 which (in addition to sending
a "down" signal to the shift counter and resetting toggle F1)

turns Tg to O by way of gate A20.

EE EE OPERATION
1 1 RC or BC
0 1 GG or YG
0 0 YC or GC
1 0] BG or RG

Table 5.3

Tc and Tg States

This turns off GGRl‘and YGR2 and results in YCR1 when YGRl goes
off. The slave YCR, will turn T, back to "1", thus shutting off
the clear and enabling BGRl. This will proceed precisely as YGRl
did, and BGR, will send an "up" signal to the shift counter and a
signal to gate A23 by way of "or" circuit E4 and cathode follower
E5. The gate will turn Tg to 1, and when BGR2 goes off the circuit

is in its original state and ready to start another sequence.

Safety Features of the Shift Sequencing Chassis, It is

important that some kind of assurance be had that the operations
ordered have been carried out. This is done in one of several

ways:
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1. The method of turning over T, and Tg is the same as
that used in the registers.
2. The turnover requirements of T, and Tg are more strin-

gent than those of register flipflops, so that if the register

flipflops 4o not operate neither will the corresponding control

flipflop.
3. The signal for an operation shall require that the

Preceding operation has occurred and has been turned off.

4. The signal from a control flipflop shall be used only
when the flipflop has been positively turned over.

Let us consider T,, which is turned by a clearing techni-
que like that used in the registers. (Refer to Drawing 189).
Suppose that it is in the 1 state and that BCR1 has been enabled.
This will result in ajvoltage drop at pin 7 of Al2 when BCR2 goes
down and, because of the bleeder at pin 7, it will not let the
plate supply to pin 1 of ‘I'C drop as far as the register plates did.
8o T, will not turn over if the register flipflops did not. The
lowering of the voltage at pin 1 of T, turns Tc to O.

The turning of Tc cauees pin 6 to rise from -37v to Ov,
resulting in a negative output from the inverter Alla. It is

important to note that pin 6 is the last moving point of TC

and that the output of inverter Allb will not move (because of
the tube cutoff characteristic) until pin 6 of A18 has risen to
approximately -4v. This makes it certain that no signal comes

from Allb until T. is positively turned over and Al8, in turn,
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will not turn if the register voltages are insufficient to turn
the register flipflops. This assurance would nof be had if the
signal were taken from pin 5 of A18.

The output of Alla causes pin 6 of A7 and pin 5 of A8 to
go negative. When pin 6 of A7 goes negative, the output of the
inverter Ta rises and the black clear signal is shut off at pin
5 of Ak. This causes pin 6 of Al2 to rise again, indicating that

the clear has been shut off. As a result pin 5 of A7 will rise,

causing the output of inverter Tb to fall and making pin 6 of A8
negative. Since A8 is an "and" circuit, pin 7 now goes negative
and supplies a signal for the next step, in this case the Yellow
Gate.

Let us consider Tg which is A21. Suppose that it is in
the O state‘aﬁd that a black gate is on. This means that pin
2 of gate tube A23 is pulled down. Since the grid is pegged at
-5V, this gate will not operate until the cathode is at about
-TV. However, the register gates will operate at abput -2V, so
that we are assured that Tg will not turn over if the register

gate voltage is insufficient to turn the register flipflops.

The turning of Tg to 1 results in a negative,signél from

the inverter 22b caused by the rise of the last moving point
(pin 6) ofﬁé. This, through cathode folower A23b and inverter
A25b, shuts off the black gate at pin 5 of A27. Pin 6 of A2k
then goes positive. Since pin 5 of A24 is pegged at +5V, the

voltage of pin 6 must be at least +1V before the left side of the
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tube begins to conduct, assuring us that the gate is off. The
‘output of A2k, upon going negative, enables the following clear,

either RCRl or BCRl as the case may be.
Test Switches In The Shift Sequencing Chassis. The con-

trol can be interrupted in any operation which is using the shift
sequencing chassis merely by prevgnting the turnover of one of
the flipflops Tc or Té. For this purpose four toggle switches
are mounted at the left hand end of the registers. They are con-
nected to pins .2 and 7 of Al2 and to pin 8 of A20 and pin 2 of A23
as shown in Drawing 189. By opening any’one of these switches the
clear or gate in whose turnoff line the switch is located vill.be
left on and the operation will stop.” The operation will continue
if the switch is closed. These switches provide a very valuable
test tool for the maintenan;e\man.

The remsining parts of the control associated with the’
orders under discussion are concerned primarily with supplying
the proper information to the shift sequencing chassis so that

~appropriate clearing ang-gating dan be performed.

5.% SHIFT COUNTER, (Drawing 113). The shift counter is a4

6-stage counter with the function of keeping track of the number
‘of steps in multiplication, division,in the shift orders, and the
input-output orders. .

It consists of two banks of flipflops and gates. The
lower bank of flipflops is the counting row of the counter. Two
pulses are required for each count, a down pulse from Y’GR2 cathode

and an up pulse from RGR, or BGR, (See Drawings 189, 171, and 35k).
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Unless the up and down pulses alternate, no counting will be

done. A logical diagram is shown in Figure 5.5.

UP PULSE

DOWN PULSE
UP PULSE TO

NEXT STAGE 5
-

BowN PULSE
TO NEXT
STAGE.

T

Figure 5.5

Logical Diagram of Shift Counter

In operation the counter has both rOWS»df flipflops
cleared to O by the counter reset bus (Drawing 232), which is
the plate supply to pin 2 of each counter flipflop. Thg counting
begins with a "down" input which gates 1 into the lower row of

0]
Col. 1, (the 2 stage) since the down gates are crossed. This 0-1
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combination in the first stage will cause an up gate in the

21 stage, but this does nothing since it gates O to 0. The

- first "up" input then gates 1 into the top row of Col.l. The
second "down" input gates O ihto the lower row of Col. 1, and
this 1-0 combination causes a "down" date in Col. 2 which puts
1 into the lower row of Col. 2. The counter has now counted to
000010, which is 2 in decimal representation. The counting
proceeds in this way.

5.5 RECOGNITION CIRCUIT ,(Drawings 260,305). The re-

cognition circuit is used to signal the end of an operation
using the shift counter when the shift counter reaches a pre-
assigned value. This circuit occupies 14 tubes in the decoding
chassis, D21, D22, and D1 to D12.

The recognition circuit is connected to the right-hand
6 address digits of the left hand order, these being the digits
used to indicate the number of shifts desired. When the number
in these digits agrees with that in the shift counter, a counter
recognition signal is given if the order is in Group IIT or Iv.

The recognition signal will also be given on multiply and
divide orders when the counter reaches 39.

Operation of the circuit is shown in Drawing 305. The
counter is set to O, and a recognition signal will be given
whenever all inputs to the 6 input "or" circuit are positive.

For orders involving shifts the output of D43 is negative and

there is recognition when the counter and the last six digits
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of the left hand address location agree.
It should be noted that for a given setting of the even

address flipflops there is more than one Shift Counter value

which will cause recognition. However, the correct value is

always the first ome reached by the Shift Counter, so there can

never be. an incorrect comparison.

If a shift is not involved, the output of D43 is positive
and the number 39 is supplied for comparison with the counter.-

The recognition signal goes to B7 of the arithmetic

stop chassis (Drawing 343).

5.6 ARITHMETIC STOP CHASSIS,(Drawings 343, 348). This

chassis performs several functions. It contains the circuits for
stopping arithmetic operations, for supplying the shift counter'
reset signals, and for actually resetting the shift counter. It
furnishes an end of operation signal to the control for the orders
which involve the shift sequencing chassis. It also contains the
cifcuits which handle the sequencing necessary to follow multi-
plication immediately by subtraction when a negative multiplier
correction is required.

The chassis contains four flipflops, and at a time when
ﬁhe chassis is not being used these flipflops are in the states
shown in Col. 3 of Table 5.k. A '

When an operation using the arithmetic stop chassis is

ordered, a reset enable signal comes from M35 to B9, and with

B4 and Bl4 set properly gate Bl9 opens and causes the counter
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reset bus to go down.

QUIESCENT BEGINNING OF

FLIPFLOP LOCATION STATE ARITH. OPERATION
Stop Bl 0 1
False Control Bl 0 0
End B6 1 1
Reset B14 1 0
Table 5.4

Flipflops in Arithmetic Stop Chassis

This turns stop flipflop Bl to 1 and, via inverter Bl9, turns
reset flipflop Blk to O, shutting off the reset and letting the
computer reset bus come back up. By now the three grids of. Bl5
and B2lha aré negative, and the operation wiil begin as soon as
one more input to this "and" circuit goes negative. This input
is "go enable" from M7lb and comes into the arithmetic stop
chassis to the cathodes of Bl5 and B2ka. It also goes to the
grids of C10. It may go negative at the same time as the reset
enable when there is no wait for memory action, or it may have
‘to wait for the memory.

On the go enabie the grids of Cl0 go negative and the
appropriate "0" or "1" wire to the shift seduencing chassis is
pulled down, starting the arithmetic operation (qr shift operation).

The flipflops of the arithmetic stop chassis are then in the
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states shown in Col. 4 of Table 5.3.

If the operation is an addition order or A order, the
stop signal comes on YGRl. If it is one of the multiply, divide,
shift or input-output orders, the stop signal comes from the re-
cognition circuit, but this comes within about 2 microseconds of
YGR2 since YGR2 supplies the shift counter down signal. The
essential point is that the stop signal comes early enough to
turn over Bl and assure the stop.

The turnover of Bl is by the OR circuit gate B7. When
Bl turns to O, the go enable at Bl5 goes positive, pulling up the
grids of Cl0 and inhibiting the '"0" and"1" signals. The opera-

- tion cannot proceed after RG-R2 or BGRz,which is what is wanted.

One inpﬁt to the circuit Bl8a is made positive by the
turnover of Bl. The other, via inverter B5, goes positive when
RGR, or BGR, goes down. This then turns end flipflop BS6 to O
via gate Bl2s since B18 is acting as a positive "and" circuit.
When RGR, or BGR, goes off again; B5 goes back negative and a

"B" end enable is supplied by B3 to M9.

If there is na multiplication correction, there will now
be a control sequence andvthe input t6 pin 5 of B2 will rise.
This will operate gates B1l7 and turn B6 and Bl4 to 1. The turnover
of these flipfiops operates the positive "and" circuit B24k and
tries to turn the False Control flipflop B4 to O (it is already

0) through the circuit Bll, BlOa, B5. The "B" end enable is
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turned off by B6, releasing the gate signal to BlOa. There is
also supplied a signal "B op turnover enable"” from BlOb which
furnishes a check on the turnover of B6 and Blk. If they do not
both turn, this signal, which goes to C64b, will inhibit the re-
turn to an operation sequence and hang‘up the machine. It should
also be noted that unless the flipflop B4 is returned to 0
(assuming it had been 1) the go enable will be inhibited on the
next order involving this chassis and the machine will hang up.

If there is a multiplication correction, the "B end enable™
B3 goes negativé as usual after the first part of the multiplication,
but no end signal gets past M9, and M8 sends back a "false control
turnover" turning B4t to 1 by gate BlO.

This now has the same effect on B6 and Bl4% as turnover to
"control"” since it turns them both to 1 by pulling up B2 and opera-
ting gates B17. The turning of these toggles therefore turns Bh.
The reset endble'and go enable signals from M35 and M71b are étill
on, so the subtraction proceeds normally and there is now no
difference between this and any other subtraction. At the end the
multiplication correction flipflop C62 will have been returned tb 1,

allowing the end enable signal from B3 to pass through "and" circuit

M9.

5.7 CARRY DELAY (Drawing 236) AND DELAY SELECTOR (Draw-

ings 2&5, 302). Because the adder is continually connected to R3

and Rl: a certain minimum time must be permitted after changing
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the contents of either of these registers before information may

be taken from the adder. This 1s the longer of the carry propagate

and carry collapse times. In ORDVAC the carry collapse time is

.

9 1/2 microseconds and the carry time allowed is 13 microseconds.

This delay is created in the carry delay chassis, and the
determination of when it occurs is made in‘the delay selector chassis.
The two chassis will be considered together.

If it were not for division, the handling of the delay would
be much simpler than it is. On all other operations the delay can
be initiated‘with RCRl since the gate from the adder, GGRl, always
follows RCRl. But in divieion it is necessary to perform the addition

before it is known whether or not the result will be used. There-
1

fore every division operation, whether it begins with RCRl or BCR™,
must start the delay.

There are thus two inputs to the delay selector: BCRl and
divide in F7 and RCRl in F8. Either of these, by gate F9 turns flip-
flop F1 to 1, this flipflop having previously been returned to O by
the YG-R2 which occurs in any arithmetic operation. The turning of
Fl sends a negative signal to G5, pulling the cathode of G7 positive
and cutting off the current through diode G2b. This will cause the
50uuf condenser on the delay multivibrator G4 to discharge, and pin
5 of GIt will go negative after a delay, prodgcing a positive output

signal from @8. This signal is then supplied to inverter Fll,

1 1
causing F12 to be enabled since either RCR or BCR 1is still on.
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L 4

The output of F12 goes to F1lO which then enables BCR2 and permits
the operation to continue.

If there is no divide order, then BCRl implies no delay
and we do not waitf This is handled by a signal from inverter Fh
when there is no divide order. Then F6 is enabled on ECRl, opening
gate F5 and enabling F12. This then sends a signal to enable BCR2
as before.

The flipflop F3 is a safety device to make it impossible for
the wrong gate to follow a clear in Rl. It is set to 1 by RCR1 and
to O byyBCRl. When it is set to 1, an enable signal goes to All for
GG-R1 and s disable signal goes to Al6 for YGRl. The reverse happensé

when it is set to O.

5.8 DECODING CHASSIS . (Drawings 260, 305, 306) . The decoding
chassis is a T2 tube chassis which has the function 6f decoding the
orders and which also contains the counter recognition circuit. The
decoding chassis contains a decoding register of 10 flipflops, re-
ferred to as R), nine of which are used. By means of the even and
0odd order gates (Drawings 250, 251) the left or right hand orders
can be gated to R, from R3. This ‘gating is described in connection

L
with the interplay control.

There is no complete matrix for decoding orders. Rather,
there are several small matrices combined d4n various ways. This

results in a large number of combinations which can produce useful

orders in the machine.
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The locations of the Rh flipflops and their principal
functions are shown in Drawing 306.

With one exception the gating to these flipflops is direct-
ly from R3 via the even and odd order gates. This exception is the
gate to D70. For reasons of logical safety there is a flipflop
C37 in the arithmetic control which is closely associated with DT7O.
Since C37 must be in the proper state, the gate to D70 is operated
by gating to C37 from R3 and then turning D70 over with C37.

The dots on Drawing 306 shows which flipflops are sensed for
any particular order. Table 5.5 gives a brief indication of the
function of each flipflop in R)-

It will be noted that the flipflops in'Rh are not arranged
in the same order as in R3. (Drawing 307) This 1s because the
simplest wiring arrangement in Rh is not the best arrangement for
coding.

The logical structure of the decoding chassis is shown in
Dréwing 305. In addition to the 9 flipflops previously described,
use is made of 2 flipflops outside the chassis. One of these, 2031,
is- the sign digit in Rl, which has to be sensed for the conditional
transfer orders C and C'. .The second is the control-operate flip-
flop, N15 in the memory synchronization chassis (Drawing 290 and 301).
Instructions are transferred to R, during a "control sequence and

no order is executed until the"operate sequence (See Section 5.11),
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NAME

Roundoff

+ -
Number ~ A.V.

Clear - Hold

R, - Not

Use Mem-Not
Read-Order; Write-
Shift

D63
D6k

D65

D66

D67
D68

D69

D70

FUNCTION

It determines whether or not o1
will be inserted in R prior to the
carrying out if any order. The in-
sertion of 27 requires that D65
be set to "clear". Otherwise the
arithmetic unit will not proceed.

These flipflops with the sign of R3,
set the complement gate and are also
used in a matrix for certain orders
in which the complement gate setting
is immaterial. These orders are U,
C'y M, E and E'.

This flipflop if set to "1" signals
a clear in Ry before any operation
continues, and it must be returned
to "O" before continuing.

This is used in a number of matrices
and determines primarily whether the
order is one dealing with or not.
It is sensed on all orders é€xcept M,
E and E'.

These flipfiops are sensed on every
order, their I states having the

following meanings:

1 1 Use Memory, read out

1 O Use memory, write in

0 1 Do not use memory, send address
to order counter.

0O O Do not use memory, send address

to shift counter.

This is primarily intended to dis-
tinguish between the add orders and
the multiply, divide orders. It

is also sensed in P, T, and U'.

This is the flipflop which distinguishes
between .left and right shifts and which
supplies the L, R signals to the Shift
Sequencing Chassis.

Table 5.5

Decoding Register Flipflops



thus assuring that all flipflops in Ry have been set before going
ahead. A few orders are connected to the control-operate flip-
flop in the memory controlrchassis (Drawing 289) instead of in the
decoding chassis. .

‘ The logic of the decoding chassis is straightforward and
requires only one comment. This is with regard to the M, E and E®
orders. Because of the way these are handled in the memory control
chassis, a positive rather than negative logic has been used. On
the M order, for example, flipflop D64 is set to O. This gives a

positive signal out for M.

5.9 ARITHMETIC CONTROL = (Drawing 244). The carrying out

of an arithmetic operation conbists entirely of manipulating numbers
through proper use of the shift sequencing chassis, the complement
gate and the carry delay. By appropriate shifting, admission to.

the adder, and remaval from the adder any arithmetic can be performed.
It is the function of the arithmetic control to supply instructions
to the shift sequencing chassis, for it is in the arithmetic control
that the loglic for the addition orders, multiplication,-division;

multiplication corrections, and roundoff is carried out.

CLEARTNG R; AND MULTIPLICATION ROUNDOFF Many orders re-

quire that R1 be cleared to O at the start of»the order. The mul-
tiplication roundoff consists of clearing Rl to O and gating 1 to

2-1 R1 before doing the multiplication. Consequently, the operations

"clear" and"roundoff" are closely related.

The clear is a YCRl and is ordered by the clear-hold flipflop
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D65. The roundoff is ordered by D62. Before any arithmetic opera-
tion can proceed both D65 and D62 must heve been returned to the O
state. If the order to round off without clearing is‘given, ORDVAC
will hang up.

Let us suppose we have the clear and roundoff ordered. Then‘
flipflops D62, D65 and C66 are all in the "1" state, the latter having
been set to 1 by the gating from R3 to Ry, which always precedes an
arithmetic operation. When N15 turns to operate, the "and" C5
goes negative, opens gate Al6 and creates YCRl by way of A36. A
slave YCR, is prevented by B4 and H6, for if D65 is a 1, pin 3 of
H6 is held up. Nothing further happens in the Shift Sequencing
Chassis because A18 (Tc) must be turned by YCRQ.

On YCR; D66 is turned to O, shutting off YCR;. When YCR;
is back up, inverter Cl6a supplies the enabling signal to C54 which
returns D65 to 0. If there had‘been no roundoff the operation would
have proceeded, D49 and D61 having been enabled.

With a roundoff C54 causes é'l to be gated into 2-1Rl. This
’is done by the lower gate in the 2-3 column of RIII (See insert,
Drawing 359). This tube is otherwise unused. Since pin 6 of this
gate is positive because of the state of D62, the gate operates. When
2-1Rl is fully turned to 1, the inverter in Col. T of RI operates and
via the "and" of Col. 9 operates gate D59 yhiéh return;ﬁ62 to 0. The
operation then proceeds. |

Notice what happens if D62 is not returned to O. Then ‘the

grids of Cik are held up so that no O or 1 signal can go to the Shift
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Sequencing chassis. The machine stops if an order using the chassis
is involved. Notice also that a roundoff without a clear will cause
ORDVAC to hang up because there is no return of D62 to O.

Addition and Subtraction. There are 8 addition orders dis-

tinguished by choices from 3 sets of alternatives: (1) Clear or do
not clear Ry, (2) add or subtract, and (3) use the number or its
absolute value. The latter two categories determine the four orders
which are add, subtract, add absolute value, and subtract absolute
value. Their execution requires setting the complement gate properly
and then carrying out the 8 operations RC, GG, YC, BG, BC, YG, GC, RG
in Rl and the corresponding slave operations in Ryy. The last L stepé
are, of course, a left shift required because the shift from rl to

Rl was down right instead of straight down.

The complement gate is set by the outputs of Cl, 2, 3 and b
through the "or" circuit C30. The output C30 is negative if a sub-
traction is reQuired; otherwise it is positive. It is negative if
we:

1. Subtract any number,

2. Add the'absolute value of a negative number,

3. Subtract the absolute value of a positive number.

The complement gafe (drawing 155) has two inputs of opposite
polarity, each of which is supplied by one of a pair of complement
gate drivers (Drawing 198).

The end around carry (Section 2.9) must also be provided for

in order to supply a true complement. This is done by putting a carry signal
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from the complement gate bus into the otherwise unusued carry in-
put of the first stage of the adder. Two unused tubes in column 1
of the adder (Drawing 104) are used for this. When the .complement
gate is set for subtract, the right hand side- of the tube in Row 3,
Column 1 conducts and the current through the 18k resistor on the
first stage of the adder produces a carry input.

If the output of C30 is positive, the inverter chob‘supplies
the required negative signal and the complement gate 1s set to ”gdd".
As a check, the gate C27 turns flipflop C28 to 1, and via inverter
C29a this is compared in the "and" circuit C31 with the signal sup-
plied to the complement gate driver. A similar check is made in
C33 for the opposite setting. If the check is all right, C32 goes
negative and C22 is enabled.

Part of the instruction for the ADD orders is to set DTO
to 1, i.e., the L-R signal to R. Therefore C21 and C8 are enabled
and the signal "1" goes to A2. (See Drawing 189). This initiates
the sequence RC, GG, YC, BG, in Ry.

A special provision must be made for the last digits, 2-39,
in Rland R,, for they will be lost on a right shift if they are not
stored somewhere. Without exception, 2-39Rl goes to 2-1R2 on BGRl,
this digit having been vacated by the slave shift in R2 which does

not shift the sign digit. The gate which performs this is J10b

(Drawings 273, 357) which is enabled by BGR, and gets 1ts grid signal

from 2'3931 via cathode follower J6b.

The content of 2”39R2 is stored in J16. On BOR, 2‘39R2 is
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always transferred to J16 by the BG in the last stage of RII’ a
normally unused gate. This storage is needed so that R2 will be
unaltered during the additiog orders.

On BGRy if there is a "not recognize" signal on CL6, C15
is enabled, turning flipflop C37 to O, C37 having been left in the

1 state by any previous addition.

The "not recognize™ signal is needed to prevent the turnover
of V37 on BGR1 at the end Qf the positive part of a multiplication with
a multiplier correction. (8ee below). For in this case the Decoding
Register has been changed to "subtract" before the multiplication
ends. This enables C39 when A21 (Té) has turned to 1, which is on
the BGR2 or RGR2- The output of C39, by gate C1l7b, turmns D70
(1-R) to 0, giving the signal L. This results in enabling C19 which
supplies a "O" signal to Al and initiates the left shift sequence.

It may look here as if another RCRY could occur if the "O" signal
did not come along quickly enough. This is true. But the BCR1
will follow immediately when the "O" signal does come, and the flip-
flop F3 (See delay selector) assures that the proper gate will

‘follow. On RGRl C13 .opens gate Cllha and turns C37 back to "1".
Meanwhile on XGRl gate B7 has opened to stop the addifion, and the
stop will occur after RGRQ. An end of operation signal is supplied

from B3 to N9.

During the left shift of addition, we must replace the in-

formation which has been temporarily stored in 2‘1R2 and in J16.
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This is done on RGRQ.

The gating from 2-1R2 and J16 on RGR2 is not the same for

all orders.
Let us first consider J16. It is gated back into 2'39R2

only on the addition and A orders (which the control sees as addition

2-39

. 3
orders when the gating to R” is completed). Otherwise R2 on

addition is made by gate J1lT7a which is enabled by the "and" circuit
J18.

Now let us consider the gating from 2'1R2 on RGRE. On every
order involving RGR2 except the addition or A orders, a left shift
transfers the contents of 2-lR2 into 20R2. But on these orders the
left shift transfers the contents of 2'1R2 into 2-3931. This is
done by J9 and J10. When 2_1R2=O, pin 5 is at ground and the cathode
23%

of J9 is positive. This gates O into 1 on RGRZ. Simiiarly,

if there is no addition or A order, pin 5 of J9 is positive and RGRE

puts O into 2 37R;. But if 27 R%= 1 and there is an addition or

A order, pin 7 of J9 is negative and RGRz.does not change 2-39R1

from the 1 it was set to on the preceding GCRl.

The A Orders. These orders, given in Group II of Section 5.1

are the ones which transfer from R2 to Rl' They operate by trans-
ferring first to R3 and then following the identical procedure of
one of the 8 addition orders. The manner in which the transfer to

R3 is made from R2 is precisely the same as that in which it is made

to R3 Prom the memory, and memory pulses are used for the operation.

(See Interplay Control).
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Referring to Drawing 305 of the decoding chassis logic, it
is seen that the add order, coming from D23, is actually an OR on
the true addition orders, D45, and the A orders, D25a. Either of
these on receipt of the preper initiating signal which somes after

3.
a transfer to R, will cause the same sequence to be executed.

Multiplication, For a description of the logic of multipli-

cation, see Chapter 1. 1In ORDVAC the multiplication is carried out

3

(a) by adding the multiplicand, held in R”, to previously accumulated

partial products in R2 and dividing by 2, or (b) by merely dividing
the previously accumulated partial products by 2, depending upon
whether or not the multiplier digit being inspected is 1 or O.
After 39 steps the operation stops if the multiplier sign digit

0 0
2 32 is 0. If 2 R2 is 1, the multiplicand must be subtracted from

the accumulated partial products.

The process requires that 4 digits be inspected at each step

- 0 0.1
of the operation. These digits are 2 39R2, 20R3, 2 R1 and 2 R -

The procedure is as follows:

(1) On each of the 39 steps required inspect 2—39R2.

39

(a) If 2 R, = O, shift R, and K one place to

the right by executing the sequence BC, YG, YC, BG in RI and RII

0 o1 0.3
Inspect 2 Rl, 2°R", and 2 R°. If 2 or 3 of them are 1, gate 1
0] 0
into 2 R, OB BGRl. Otherwise do nothing, which will leave 2 Rl- 0.
(v) 1If 2-39R2= 1, add R3, with sign, to R, and shift
the sum one place to the right, shifting R2 one place to the right

at the same time by executing the sequences RC, GG, ¥C, BG in RI and
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BC, YG, YC, BG in RII" Then proceed as in (a).

(2) After the 39th step subtract RS from R, if 2032 = 1.

0
(3) After (2) make 2R, = 0 so that the least significant

39 digits of the product will not have a negative sign attached to

them.

It is evident that the inspection of 20R1 Just before

BGRl requires that it be stored some place, because YCR1 will des-

0 0]
troy it. Therefore on YGRl or GGR1 2 Rl is gated into 2 R2, a

0.3

flipflop which is otherwise unused. We therefore inspect 2 R7,
01 02
2R and 2 R prior to BGRl.
The digit 2-39R2 is sensed by J15 and the outputs go to C7
for O and C9 for 1. By means of the "or" circuits C8 or C20 the
proper "O" or "1" signal is supplied to the Shift Sequencing Chassis.

2 2
At each YGR and BGR signals are supplied to the shift coun-

ter.

1 1 02 03 01
On YGR or @GR 2R , 2 R and 2 R are then inspected in

12, 23 and 24. If any two or three are negative C35 is enabled on

0
the BGRl and gate tube C34 makes 2 R; (cleared by YCRl) al. At

each right shift in multiplication the digit in 2-39R2 is lost.

39

- =1
At the same time the content of 2 Rl is shifted into 2 RE' This

results in having the 78 digits of the product arranged with a sign

and 39 digits in R, and the remaining 39 digits in Rg, the sign

1
digit in R2 being ignored.

When the shift counter reaches 39, the recognition circuit

(Section 5.4) supplies a signal to stop the multiplication. If

130



20 R, = 0, the operation is over.

But if 20R2 = 1, a negative multiplier correction, a (sub-
traction is required. This correction necessitates a major altera-
‘ tion in the normal sequencing of the computer. For each execufion of

an order is ordinarily followed by a control sequence devoted to
handling another order. In multiplication correction we have what
amounts to two orders (multiplication and subtraction) in succession
without an intervening control operation.

In the arithmetic stop chassis is a flipflop B4, called the

"false control" flipflop which plays the role of the "operation-con-
trol" flipflop N15 during multiplication correction. The operation
of this chassis is described in section 5.6.

If 2032 = 1, what must be done is as follows:

(1) Prevent an end of operation signal from going to the
control,

(2) Put a subtract order into Ry,

(3) Perform the subtraction,

(#) Change 2032 to 0.

These operations are initiated on the recognition signal
for multiplication, the sensing being done in C49 and C61. The
multiplication correction toggle C62, which has been in the 1 state,
is turned to 0. (It should be noted here that the recognition
signal comes very shortly after YGR2 and that there are still two
operations left, namely YC and BG. Thus there is ample time for.

the turnover of the necessary flipflop. This inhibits the "end of

131



operation" signal in M20 and M3. It also operates the gates C53,
and C65 which change "multiply" to "subtract"” by turning flipflops
D63 and D69.

A turnover signal from M8 via gate B1O then flips false
control flipflop B4 and initiates the sequence necessary to start
the subtract operation. (See Section 5.6).

The subtraction is carried out in the usual way, and on

1
YGR and add C51 is enabled. This operates gate tube C50b and turns

0 0
2 R2 to 0. The turning of 2 Ro to O, by inverter C50a and gate cé63,

turns flipflop C62 back to 1, and this permits the "end of operation"

signal to go through.

Left and Right Shift The operations of left shift and right

shift are so designed as to produce algebraically correct shifts

in R This is done on a left shift by not shifting the sign digit.

1
On a right shift the sign digit is shifted and the sign is held fixed.
Thus. the same circuit used in multiplication can be used, and this
circuit is used in all operations involving a right shift. There is
no difficulty in addition since the contents of QORl are lost on the
left shift. The left shift and right shift orders send a "0" signal
to the Shift Sequencing Chassis via the OR circuits chs5 and C20.

On a right shift, as described in Section 5.9, the overflow

from 2—39R2 is lost.

i1
On a left shift the overflow from 2 R1 goes into 239R2,
0

all of RI shifts, and the overflow from 2 R, is lost. The shift

I
into 20R2 from eoRl is taken care of by J12, which operates the red
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0_1 o)
gate from 2 R to 2R on the signals divide, left shift, print,

2

or input. At the same time "O" is put into 2 39R by J9 and J10

1°
as explained under addition and subtraction.

The shift into 2_'39R2 from 2_1R1 is made by J2 and J6. On>
the left shift order the cathode of J2 operates gate J6 on RGR1
and gates 2-1R1 into 2-39R2. On all other orders the usual red
gate from E-lRl into 20R2 operates, and this gate is controlled by
J5. The gate works on RGR, and a "not left shift" signal from
J11.

Division. Restoring division is used (See Chapter 1). The
quotient is formed in 39 steps, the quotient digits being inserted
one at a time into the right hand end of R2 and shifted left.

Three signs must be sensed. We sense the signs of:

(1) Divisor, which is in R3,

(2) Dividend, which is in RY

(3) Tentative partial remainder, which is in the digit
resolver.

The rules are as follows:

(1) If signs of divisor and dividend

(a) Agree, subtract throughout process

(vb) Disagree, add throughout process

(2) If signs of tentative partial remainder and dividend

(a) Agree, accept TPR, using RC, GG, YC, BG

(b) Disagree, reject. TPR, using BC, YG, YC, BG

(?Y If signs of TPR and divisor
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(a) Agree, insert 1 as quotient digit

(b) Disagree, insert 0 as quotient digit

The sign of the dividend is soon lost so it must be stored.
It is stored by gating it into D63, the + flipflop in such a way
as to set the complement gate for the division. This gating is done
by GGR3, the gate which brings the divisor in from the memory and
is described in the diécussion of the Interplay Contrcl. Since
D64, the Number-Absolute Value flipflop has previously been set to

1 as one of the digits of the divide order, then the complement

gate will be set for add or subtract according as 20R3 is O or 1.
(See Addition and Subtraction).

The sign of the tentative partial remainder is sensed by
J21 and the signals TPR+ and TPR- are supplied to C60 and C58,
respectively, These tubes, with signals frém D63 via D51, test
agreement or disagreement of TPR and dividend. If there is agree-
ment, C59 goes negative, causing a signal "1" via the chain C69,
C57, €8. If there is disagreement, inverter C56 goes negative and
a signal "O" is supplied via C68, C57 and C20. The tube C70 is a‘
check that the complement gate is set correctly. It should be
pointed out here that before the end of the carry delay the tenta-
tive partial remainder may have a different sign from the one it
finally assumes in Rl. This causes no diff{culty since the correct
clear will occur later and permit the proper gate to follow.

Signals TPR+ and TPR- also go to C72 and C58 where they are

134



0
compared with 2 R3. If they disagree the OR circuit C71 goes nega-

tive and this signal goes to J19. If they agree, the output of

J19 is positive and does nothing. Meanwhile, 2-39R2 is being held

2 -39 2 ‘
to 1 by J20, so that on the YGR a 1 is gated to 2 39R and then

to 2-38R2 by RGRE. That is, a 1 is introduced and shifted left.

If there is a disagreement, conduction through the diode

39,2

- 2
J17 holds 2 ““R to a O during the YGR and a O is thus put into

-38

2 R, on RGRQ.

2
Holding 2-332 to 1 leaves it this way at the end of the
division, which is desired for the division roundoff.

Division is stopped exactly like multiplication, a pair of

signals having gone to the shift counter on each YGR2 and RGRE.

OP Turnover Enable Signal. This signal permits the change

from control to operate. If the End and Reset flipflops B6 and Blk
are both set to zero, then B24b is positive and C6Ub is negative.
Moreover, if the R) gate has acted, C66 has been set to 1, making

CH7b negative. This creates the OP Turnover Enable.
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5.10 Auxiliary,Chaséis - Clear Driver Drivers, These

chassis of which there are 3, have the function of supplying
signals to the clear drivers, and their reason for being is
simply to supply fast moving signals. They are 6-tube chassis,
and 1 1/2 5687's are allocated to each clear.

A. Clear Driver Driver Ry. This chassis has 4 inputs
marked Red, Black, Yellow and Green which come from A6a, A6b,
A36b and A36a, respectively. The four outputs go to the four
corresponding clear drivers Qf RI.

Each input has a bleeder attached to hold the input up
when the connection to the shift sequencing chassis is removed.
This was put in primarily for convenience in installation.

B. Clear Driver Driver Ryy. Since RCR2 is never used,
only 4 1/2 tubes are needed for the three clears in RII' However,
it is necessary to GCR2 both for the usual down left gate and
for the R order. Therefore one of the unused tubes is used as
an "or'" circuit for the two GCR2 signals. One of these signals
comes from GCR1 cathode in the usual slave fashion. The other
comes from P14 (See Drawings 301 and 288) via tube 1 in the Rprq
gate driver. This last tube is being used to supply a clear
voltage and is available because there is no BGR3.

The other two inputs to this chassis come from F10 to
furnish BCR- and from H6 to furnish YCR, -,

The three outputs of the clear driver driver RII chassis

go to the corresponding three RII clear drivers.
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C. Clear Driver Driver RIII' No YCR3 is used, so that
only 3 inputs to this chassis are needed. They are labeled R,
B and G and come from P2a, P2b, and Pla of the register selection
chassis. The three outputs go to the corresponding three RIII
clear drivers.

Complement Gate Drivers,(Drawing 198). There are two

complement gate drivers which work in push pull. Their functions
are to receive inputs from the control at flipflop voltage 1levels
(Ov or 029v) and to deliver voltages of +90v or -30v to the grids
of the complement gate. One of the two complement gate driver
chassis is supplied with a bleeder on the input so that the com-
plement gate will be in the ADD state if no signal is supplied to
the drivers.

Inputs to the complement gate drivers are from C30 and chi

in the arithmetic control.

0dd and Even Order Gate Chassis (Drawing 250, 251) These

chassis transfer the instruction part of an order from R3 to Rh'
The gates are double gates so that no clearing of Rh is necessary.
Signals for gating come from M25 and M26 and are discussed in the

interplay control.

' 0dd Address Gate Chassis . (Drawing 249). All addresses

are sensed from the even address flipflops. Therefore when the odd

order is gated to R, , the odd address is gated at the same time

to the even address flipflops. This chassis is identical to the

two described above.
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Even Address Cathode Follower Chassis (Drawing 252).

This chassis has two functions:

(1) On signal from M72 it gates the contents of

the even address flipflops to the dispatch cdunter,

(2) It has cathode followers from which the even
address signals to the address generator and to the recognition

circuit are taken.

Driver IIT Chassis (Drawing 171). The principal function

of this chassis is to furnish the "or" circuits necessary for the
slaving of RII to RI. Its role in the logic of shifting is im-
portant, and in Drawing 189 the lower 7 boxes refer to the Driver

JIT chassis.

Counter Output Chassis.(Drawing 2532. This chassis has

two functions:

(1) Tt furnishes cathode follower outputs for the
six stages of the shift counter which go to the recognition circuit,

(2) Tt contains the logical circuit which inhibits
YCR2 when YCR1 is ordered specifically in an order. This circuit
is made up of HYb and H6.

End Connections , (Drawings 257 and 273). Because of the

different requirement of the orders executed by ORDVAC, a considerable
amount of switching of the end and near-end digits of the registers
is needed. The circuits for carrying out this switching have been

located in small chassis near the ends of the registers, the locations
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being shown on the right side of Drawing 273. For convenience in
reference, the tubes in these chassis have been numbered serially
from 1 to 25 and are referred to as Chassis J.

The operations carried out by Chassis J are shown in Drawing

257:

39

A. Gates O into 2 °’R on every RGR2 except the RGR2
1

of the add order. In this case 2-1 R® is gated to 2-39 Ry- This

is carried out by J9 and J10a.

1 R2 into 2OR2 on divide, left shift, print

or input and RGR2. This is a double gate because 2°R2 is not cleared

B. Gates 2~

by GCR,. The tubes used are J12 and the upper gate tube in the 2°RII

column. -
C. On a left shift order the sign digit of Rl must

be preserved and appropriate gating must be arranged. The flipflop

1

o _2 | ‘ 1
2 R 1is used to store the contents of 2°R1. On YGR™ or GGR™ gate

tube J3 always gates 20R1 to 2°R2. If there is a left shift order,

then on RG-R1 we gate 2°R® back to 2°Rl. This is done with "and"

circuit J2 using the lower gate in 2—1 Rg- At the same timé, using

gate J6a we gate o718 to 2-3932.
If there is no left shift order, then via "not" J1lb and

"and" J5 we gate 2-1rl 1o 2OR1 on RGR,.

39

- -1
D. On every BGRl the contents of 2 Rl go to 2 R,.

The gate tube is J1O0b and the signal from 2-39Rl comes via cathode

follower J6b.

E. The digit resolver signals for division are obtained
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from the most significant stage. For the push-pull output
needed it is inverted in J22a with J22b acting as cathode foliower.
The other signal is from cathode follower J21b.

F. This circuit, using tubes J15 through J20 has
several functions. Tt furnishes signals for inserting the proper
quotient digit into R2 and it preserves R2 on the A and add orders.

On every BGR, we gate 239 R, into the flipflop J16 using
the upper gate tube in the 2'39RII column. If there is an add or
A order then J18 causes gate J17a to gate J16 to =39 R2 on RGR2.

The divide order will cause J20b to conduct aﬁd hold 2-39 R2
to 1. If TPR and divisor disagree, J19 goes negative and the diode
J17b inhibits YGR®. Since BCR® made 273%R2 = 0, this puts in a zero.
Otherwise a 1 goes in.

The holding to 1 of 2'39R2 also furnishes the divisioq
roundoff.

G. This circuit is associated with input-output and
is also shown on Drawing 271. The flipflop "CH. I TOG" is shown

in Drawing 326. Operation of this circuit is described in Section 3.3.
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PART II

THE INTERPLAY CONTROL, The circuits of the memory syn-

chronization chassis (brawing 290), the register selection chassis
(Drawing 288), and the memory control chassis (Drawing 289) are
rather closely inter-related and are called the interplay control.
(Drawing 301). The primary functions of the interplay control

are to do the following things: |

(1) Supervise the transfer of order pairs from the
memory to the order register, the gating of instructions to the
decoding register, and address gating;

(2) Supervise the execution of orders involving
transfer of control;

(3) Synchronize the control with the memory;

(h) Perform further decoding of decoding chassis
outputs to provide required signals to the memory (both reading
‘and writing);

(5) Supervise clearing and gating for arithmetic
operations executed in synchronism with the memory,

(6) sSupervise clearing and gating in the dispatch
counter (also executed in synchronism with the memory);

(7) Perform further decoding of decoding chassis
outputs to provide initiating signals for the arithmetic stop
chassis;

(8) Provide and combine completion signals for

orders.
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5.11 Handling of Orders and Instructions , Orders are

generally stored in the memory in pairs in successive memory
locations. The sequence of steps followed in executing a series
of orders, if none of the orders is a control transfer order,

is listed below:

(a) The order pair is transferred from the memory
location indicated by the control counter into the order Register
R3. During this process, the number in the control counter is
increased by one;

(b) The digits 0-9 of the order register are gated
by the even order gate into the decoding register Rh'

(c) The even order (left order of the order pair)
is executed;

(d) The digits 20-29 of the order register are
gated by the odd order gate into the decoding register. The
digits 30-39 of the order register are gated by the odd address
gate to digits 10-19 of the order register;

(e) The odd order (right hand order of the order
pair) is executed;

(f) Steps (a) through (e) are repeated. Note that
the memory address consulted has been increased by one.

Detailed Description of Circuits . The circuits used

primarily for the handling of orders include the A, B, and C
flipflops (N13, 14, 15) of the memory synchronization chassis with

their associated gating, inverting, and cathode feollower circuits
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(N1-3, T7-9, 19-22, 26b, 27, 3la, 32). Also included are "AND"
circuits (N25, 26a, 33, 34a, M1, 2, 14), gate driver circuits
(M3, 25, 26) and gate sensing logical circuits (M4O, 41).

The C flipflop,(N15), also called the control-operafe
flipflop, is in the O or operate state during the execution of
an order, and is in the 1 or control state while transfers of
instructions or orders are being executed. This flipflop thus
serves to distinguish between so-called "operate" sequences,
during which orders are executed, and "control" sequences, during
which the orders are transferred. The A and B flipflops (Nl3,

14) are used for sequencing purposes while orders are Seing trans-
ferred. The information that the even (or odd) order is to be
next executed is retained by the A and B flipflops during the
execution of orders.

The operation of the circuits will be described under the
assumption that no transfer of control occurs. In particular, the
lead"(not C')" (M38, N1, 8) is negative and the lead "C v C'

(op)" (M29 N3) is positive. For discussion purposes,.ﬁhe flip-
flops are assumed to be initially in the states A= 0, B= 1,

C = 1. (See Table 5.6). All grids of "and" circuit 33, 34a are
negative and the negative cathodes provide a "use memory" stimulus
and enable clearing and gating pulses from the memory to execute
the transfer of an order pair to the order register. During this
time, memory pulses are used to increase the address in the order

counter by one. (See Section5.16). After the order pair has been
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transferred, the cathode of tube N8 is pulled negative. The
grid (pin 6) of tube N8a is positive by virtue of the fact that
the input (not 8') to inverter N1 is negative. Triode N8a con-

ducts and flipflop B is thereby set to O.

FLIPFLOP
A B C Corresponding Operation

0O 1 1 Transfer of Order Pair from Memory to R3
0 0 1 Even Order Gate

0O 0 O Interim State

1 0 0 Execution of Even Order

1 01 Interim State

1.1 1 0dd Order Gate, Odd Address Gate

1 1 0 Interim State

0 1 0 Execution of 0Odd Order

Table 5.6

Sequence of States of A, B end C Flipflops

The state A = O, B= O, C = 1 then enables the even order gates
through "and" circuit M1, lka, and through circuits M31b and
M26. The even order gate, odd order gate, and odd address gate
are sensed (tubes M4O, 41) to produce a signal, called the Rh
gate, which is negative if the even order gate is negative, or
if both the odd order gate and odd address gate are negative.
When the R) gate signal and the "Op turnover emable" (C52 P21)

signal are both negative, the cathode of "and" circuit P21 will
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be negative. (Conditions under which "Op turnover enable",
C52, P21, is negative are discussed in Section 5.9 ). As a
result the cathode of gate N9a will be pulled negative. Since
the grid (pin 3) of N9a is positive (See Section 5.18), the
flipflop N15 will be set to the operate or O state.

At this time the state of the flipflops is,A= O, B = O,
C = O. When the C flipflop N15 is turned to O, the execution
of the instruction Jjust transferred to the decoding register is
begun. Simultaneously, the cathode of gate N7 is pulled negative
through N2la, N22a, and N27, so that the A flipflop N13 is set
to disagree with the B flipflop Nli. In this case the B flipflop
is O, so that grids of N21b and of NTb are positive, and the A
flipflop N13 is set to 1. When the execution of the even order
is completed, the operate-control flipflop N15 is again set to
the éontrol, or 1 state.

Corresponding to the state A= 1, B= O, C = 1, the three
grids of the "and" circuit N25, 26a, are negative, resulting in
the setting of the B flipflop N1k to the 1 state. In the process
the 0 state of the B flipflop is sensed to produce a signal which
sets the B flipflop to the state. For stability, the pair of in-
verters of N32 has been added. To prevent incorrect gating by
N7a, the positive excursion of the output voltage of the second
inverter N32b is limited to approximately Ov, by the diode con-

nected clamp N3la.
At this time the flipflops are in the state A= 1, B = 1,
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C = 1, with the result that the cathode of "and" circuit M2,

14b is negative. Gating voltages for the odd order gate (Draw-
ing 250) and for the odd address gate (Drawing 249) are then
supplied by the action of Ml3as, and M25. The odd order gate
transfers the odd instruction from digits 20-29 of the order
register to the decoding register. The odd address gate transfers
the odd address from digits 30-39 of the order register to digits
10-19 of the order register. Both the odd order gate and odd
address gate are sensed by "and" circuit M4l in order that an Ry,
gate signal may be produced. The R) gate signal indirectly re-
sults in setting flipflop N15 to the O or operate state. As the
execution of the odd order begins, concurrently the A flipflop
N13 is set to.disagree with the B flipflop N14. Completion of
the odd order results in the setting of the flipflop N15 to the

1 or control state and the flipflops are in the original state

Am=O, Bm1l, Cw=l,

5.12 TRANSFER OF CONTROL. As discussed in Section5.11,

order palrs generally stored in successive memory locations. It
is essential that provision be made for departing from the normal
sequence of executing orders; l.e., some method of transferring
control must be provided. In ORDVAC, four control transfer orders
U, U', C, C' are provided; furthermore, transfer of control is
effected during the execution of the A and conditional stop orders.

For the four control transfer orders U, U', C,C?! provision is made
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for transferring to either order of the order pair. The un-

primed orders (U, C) transfer control to the left hand (éven)
order; the primed orders (U', C') transfer to the right hand

(odd) orders. Of the four transfer orders U, U', C, C', two

(c, C') are conditional; that is, a transfer of control is executed
only if the sign digit of the accumulator is a zero.

The transfer of control of the U, U', C, C' order is
handled quite differently from the transfer of control which
occurs during the execution of the A or stop orders. It is
therefore convenient to describe the two transfer of control
processes separately.

The technique of executing the confrol transfer orders
is best described as a departure from the normal routine as dis-
cussed in Section 5.11. It should be recalled'that at the time
of the completion of the right hand (odd) order of the order
pair the control counter holds the address of the next order pair
to be executed. Furthermore, the A and B flipflops N13, 14 of
the memory synchronization chassis indicate that the step to be
taken after the completion of the odd order is the transfer of the
next order pair from the memory. If a‘transfer of confrol is
to be made for execution of one of the U, U', C, C' orders, it
is necessary to gate the control transfer address to the control
counter and to indicate (pefﬁéﬁs falsely)‘that the odd order has
been completed. In thié way it is assured that the next step will

be the transfer of the desired order pair from the memory.
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One further departure from the-normal sequence is
necessary for the transfer of control of the U' and C' orders.
Ordinarily the transfer of the order pair from the memory is
followed by the gating of the even instruction to the decoding_
- register; for the U' and C' orders the order pair transfer
should be followed by the gating of the odd instruction to the
decoding register and of the odd address to the even address.
In the ORDVAC,.the decoding register and the sign digit of the
accumulator are semsed to control the gating of the A and B
flipflops N13, 14 to change the normal sequence.

In the transfer of control occurring in fhe A and con-
ditional stop orders, the normal sequence of the A, B, and C
flipflops N13, 14, 15 is left unchanged. The transfer of con-
trol is effected by gating the address portion of the A or stop
order to the control counter as a preliminafy step in the execu-

tion of the order.

Detalled Descriptlion of Control Transfer Orders. Logical

| circuitry in the interplay control (Drawings 301, 288, 289, 290)
used in the execution of control transfer orders includes tubes
M37a, 37b, 38a, 39 and 29. Special gating -of the A and B flipflops
N13, 14 is accomplished by use of M3 and M8b. The circuits of

M30 and M17b are associated with the stop order. The signal

used for gating the address to the control counter is called "false

use memory" and is formed by the circuits of Ml7a, 18, M46 and

M35a.
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In the decoding chassis (refer to Section 5.8), the
decoding register and the sign digit of Rl are sensed and the
signals C (D18, M37) and C (D15, M37) are generated. The signal
C is negative under two conditioms:

(1) The instruction U is held in the decoding
register;

(2) The instruction C is held in the decoding register
and the sign digit of the accumulator is 0. The signal C is
negative under similar conditions for the U’ and C' orders.

If a transfer of control is to be executed, one of the
signals C or C* will go negative when the control transfer order
is gated to the decoding register. By action of one of the in-
verters of M37, one of the grids of M39 is positive, with the
result that the grid (pin 6) of M29 is negative. The turnover of
the control-operate flipflop N15 to the operate or O state then
causes the other grid (pin 5) of "and" circuit M9 to go negative,
theieby causing plate éurrent to flow in gate tube N3a. The B
flipflop may have been in either the O or 1 state; the action of
M29 and gate N3 guarantees that N1I is now in the 1 state. Gate
N7 sets the A flipflop N13 to the opposite state from the B flip-
flop; it is thus assured that the A flipflop is now in the O state.
The negative cathode of "and"™ circuit M29 also similates "or"
circuit Mi7a, 18b. The other inmputs to "or" circuit Mi7a, 18b

are negative during execution of the A and stop orders, respective-
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ly; they are positive at this time. The negative output of

"or" circuit Ml7a, 18b is sensed by invertef k6a and produces a
positive voltage at the cathode (pin 7) of M35a. This positive
signal is called the "false use memory" signal. The "false

use memory" signal commands that the memory be synchronized with
the control and is also used to control memory pulses for the
gating of the order address to the control counter. The tech-
niques by which control and memory are synchronized are dis-
cussed in Section 5.13; control counter gating is discussed in
Section 5.16. Completion of the action cycle enables the turn-
over of the control-operate flipflop N15 to the control or 1
state. At this time the control counter contains the address
part of the control transfer order, the A flipflop is in the O
state, and the B flipflop is in the 1 state. The turnover of the
control-operate flipflop to the control state enables an action
cycle which transfers the desired order pair to the order re-
gister R3. Completion of th¢ action cycle produces a negative
voltage on the grid (pin 5) of N2 and on the cathode of gate tube
N8. It should be recalled that the control transfer order remains
in the decoding reglster so that either G (D18 M37) or C’ (D15
M37) is negative. If the control transfer order is an unprimed
order C will be negative, (not C') (M38 N1, 8) will be negative,
the grid (pin 6) of gate tube N8a will be positive and the B

flipflop N14 will be set to 0. The normal sequence of even order
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then follows. On the other hand, if the control transfer order
was one of the primed orders U' or C' the lead c (D18, M37) is
negative and lead (not C') (M38 N1, 8) is positive. The grid
(pin 5) of 8b is positive and the A flipflop N13 is set to the
1 state. The transfer of the order pair to the order register
R3 is in this case followed by the odd order gate and odd address
gate and by the execution of the odd order.

Notice that the sensing of the decoding chassis by way
of C' (D18 M37) and (not C') (M38 N1, 8) for gating of the A
and B flipflops is exceptional. In this case, the decoding
chassis is sensed while the control-operate flipflop N15 is in
the control state. For all other outputs of the decoding chassis
it is required that the control-operate flipflop be in the operate

state before execution of any step of an order can occur.

Detailed Description of Transfer of Control in Stop and

A Orders. In the decoding chassis the decoding register and the
control-operate flipflop are sensed and the signals [} (Op)]
(Ds1, M18, 19, 45, P8) and [Stop (op)] (D40 M17) are generated.
If the control-operate .flipflop N15 is in the operate or O

state and if one of the instructions A or Stop is in the de-
coding register, the corresponding signal (A (Op) or Stop (op)]
will be negative. In either case one of the inputs to "or"
circuit Mi7a, 18b will be negative, the stop (Op) signal is

inverted twice by "not" circuits M1Tb, M30a, and is then used
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as an input to "or" circuit MlT7a, 18b through the cathode follow-
er M30b. The output of "or" circuit Ml7a, 18b is inverted by
Mi6a, the positive excursion is limited by MU6b, and the signal

is fed through cathode follower M35a, to become the "false use
memory" signal. When the false use memory signal becomes positive,
a memory action cycle is enabled and the address is transferred
from the order register R3 to the control counter. After the
action cycle, the "have used memory" and "have gated to order
register" signals (See Sections 5.13 and 5.16) initiate the re-
maining steps for the A order and serve as a completion signal

for the Stop order.

5.13 Synchronization of Control with Memory. The

memory of the ORDVAC 1is synchronously operated at a basic re-
petition rate of 24 u sec. ‘he controlling pulses of the memory
of interest in this section (refer to Drawing 333) are listed

below in the time sequence in which they occur:

(1} Writing Dash pulse 3.6 u sec.
(2) Dash End pulse 2.2 u sec.
(3) Action Sense pulse 2.5 u sec.
(4) Delay pulse 2.5 u sec.
(5) Up counter pulse 5.0 u sec.

With the exception of the writing dash pulse, which overlaps
the dash end pulse somewhat, the end of each of the above pulses

triggers the beginning of the next. The remainder of the 2h

sec. period -- approximately 9 pu sec. -- is dead time. Ordinarily
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the memory and the control operate independently; the memory
during periods of this sort regenerates words at successive
addresses -- one word for -each 2k u sec. pe;iod. (In this case,
the 24 p sec. period #s called a regeneration cycle). The con-
trol, meanwhile operates asynchronously. When it becomes nec-
cessary for the memory to communicate with the control or arith-
metic unit, the control and the memory must_be synchronized for
a single 24 p sec. period, called an action cycle. The communi-
cation takes the form of reading, (transferring 40 digit words
from the memory to one of the registers) or of writing (trans-
ferring a word from the accumulator register R2 to the memory).
The synchronization is effected in the following manner.
The control mamufactures a "memory enable" signal, which may
occur at any time during the fundamental 24 p sec. period. When
the "memory enable” signal and one of the memory pulses, namely
the action sense pulse, are coincident in time, the signal is
normally given to the memory that an action cycle is to begin.
The "memory enable"” signal is longer than the action cycle, since
it is negative not only during the action cycle, but alsoc during
any walting period preceding the action sense pulse. During the
action cycle the clearing and gating processes necessary for the
transfer of a word to or from the memory are executed more or
less directly by the memory pulses. Dﬁring the ngxt action sense
pulse, 24 u sec. after the beginning of the action cycle, the

"have used memory" signal is given to the control to indicate
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that the word transfer is complete, and the control resumes
asynchronous operation.

Two flipflops are necessary for the synchronization pro-
cess. One, the action-regenerate flipflop,normally serves to
distinguish betweén an actional cycle and a regeneration cycle.
The second, the synchronization flipflop, is necessary to dif-
ferentiate between the period of time before the action cycle and
the period during which the "have used memory" signal is present.
An interruption in the "memory enable" signal after the action
cycle has been completed is used for the resetting of the syn-

chronization flipflop.

Detailed Description, The circuits used for synchroniza-

tion of the control with the memory include the actlon-regenerate
flipflop N17, the synchronization flipflop_NlB, their associated
gates and cathode followers N4, 11, 12, 24a and the circuits of
N6, N29 and N3Lb.

Initially, the "memory enable" signal, i.e., the cathode
(pin 8) of N35b, is positive and the memory is regenerating; the
action-regenerate flipflop N17 is in the regenerate or 1 state.
The grid (pin 3) of Nl2a is positive and the synchronization
flipflop N18 is held in the O state as long as the ”memory enable”
signal is positive. When communication-witp the memory is desired,
the "memory enable" signal goes negative (Bee Bection 14), leaving
the synchronization flipflop N18 in the O state. Both grids of

"and-not" circuit'N29 are negative; the output is therefore positive.
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The positive excursion of the output of N29 is limited to Ov

by the diode action of N34b to prevent spurious gating by gate
Nlla when the action sense pulse is not present. The action
sense pulse, like all pulses listed above is a 20v. negative
pulse, the voltage ranging from -10v. during the pulse to +10v.
when the pulse is not present. With the grid of gate lla at

Ov., the action sense pulse sets the action-regenerate flipflop
N17 to the action or O state. The grid (pin 7) of gate N12b is
positive, so that the writing dash pulse sets the synchronization
flipflop N18 to the 1 state. The turnover of the synchronization
flipflop disables gate Nlla and enables gate N1lb, so that when
the next action sense pulse pulls thé cathode of N1l negative,
the action-regenerate flipflop N17 is returned to the regenerate
or 1 state. Both grids of "and" circuit N6 are now negative and
the negative cathode provides the "have used memory" signal to
the control. Before another action cycle can occur, it is
necessary that the "memory.enable" signal go positive in order
that the synchronization flipflop will be reset to the O state.
Although it is possible for two action cycles to occur successive-
ly if the "memory enable” signal is interrupted for a period of
time shorter than the action sense pulse, in practice an action

cycle is always followed by at least one regeneration cycle.

5.14 MEMORY SIGNALS PROVIDED BY INTERPLAY CONTROL.

Logical circuits are provided in the interplay control to pro-

vide the following signals associated with use of the memory:
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(1) The "memory enable" signal;
(2) Signals directing the address generator to

consult addresses indicated either in R3 or in the dispatch

counter;

(3) Regenerate or Read (R) signals to individual

memory chassis;

(4) Action and Write (W) signals to individual
memory chassis.
Various combinations of these signals are enabled, depending
upon the particular manner in which the memory is being employed.
Utilization of the memory in synchronism with the control assumes
one of the following forms:

(1) Transfer of order pairs from the memory to the
order register R3;

(2) Transfer of numbers from the memory to the
number register R3 or to the arithmetic register R2;

(3) Transfer of words or parts of words from the

accunulator Rl into the memory;

(4) Utilization of memory pulses for synchronous
gating of addresses to the ofder counter durlng transfer of con-
troland for transfer of numbers from the arithmetic register R2
to the number register R3 during the A order.

In all cases a "memory enable"” signal must first be
provided in order that synchronization of memory and control can-

be effected. Any one of three signals will provide the "memory

enable" stimulus: first, the fact that the A, B, and C flipflops
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are in the state A= O, B= 1, and C = 1 for reading out order

pairs to R_; second, a "true use memory" signal from the de-

3
codirg chassis for either reading or writing of words or parts
‘thereof as part of the exegution of an order; or third, a "false
use memory" signal for gating an address to the control counter
during s transfer of control and for gating to the number register
R3 preliminary to the A order.

The address generator in the memory must be provided with
addresses under three conditions. During regeneration cycles,
the address of the regeneration counter must be suppliéd to the
address generator. For transfer of order pairs to the order re-
gister 33, the address generator must be supplied with the address
in the control counter during the action cycle. For commnication
between the memory and the arithmetic unit during execution of
orders, the address generator must be supplied with the address
part of the order in the order register R3, The regeneration coun-
ter and the control counter have been combined to form the dis-
patch counter (Section 5.16) and have what is called@ the dispatch
register of ten flipflops in common. Counting operations are pro-
grammed in such a way that address sensing by the address generator
1s done while elther the regeneration address or the control
address is 1n the dispatch register. The address generator has
been constructed with facilities for switching between two address
inputs; namely, the dispatch register of the dispatch counter and

the address in the order register R3, During execution of orders
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involving the "true use memory" enabling signal, the address
generator is‘instructed to sense the address part of the order
in the order register R;. During execution of orders involving
the "false use memory"” enabling signal, instructions are given
to thé dispatch counter and to the memory so that the regenera-
tion continues without interruption.

Signals must also be generated for each of the forty
memory chassis. In reading or in fegenerating, each digit of
the word is sensed and regenerated in the corresponding memory
chassis. 1In writing, digits are sensed in the accumulator and
are written into the memory. Digits are written in either blocks
of ten for the E and B' orders or in blocks of forty for the M
order. Three signals are provided in the interplay control for
writing purposes; WE for digits 10-19, WE' for digits 30-39 and
W for the remaining twenty digits (0-9 and 20-29). All three
signals are negative during the action cycle in the execution of
the M order.

Formation of "Memory Enable” Signal, The logical circuits

involved in the formation of the "memory enable" signal'(cathqde

of N35b) are associated with tubes MiTa, 18, 46, 35a, 3b, 21, 10

and N28, 35. The "memory enable" signal is negative under three

conditions: (1) state A= O, Bmx 1, C = 1 of the flipflops N13,

14, 15 sensed at the cathode of "and” circuit N33, 34a; (2) "true
use memory™ (D55, M3) formed in the decoding chassis; or (3)

"false use memory" sensed at the output of "or" circuit MlTa, 18.
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The inputs to "or" circuit Mi7a, 18 are A (Op), (D41 M18);

Stop (Op) and & v &' (Op). The "true use memory" and "false
use memory" signals are inverted (M"6a and M3b) and used as
inputs to "and-not" circuit M21l. The output of M2l is negative
for either of the two "use memory" signals and is called "op.
mem. enable”. The "op. mem. enable"” signal is an input to "and"
circuit N28; the other input to N28 is negative when "op. mem.
enable" first goes negative. The "memory enable™ signal will
be negative if either the cathode of N28 or the cathode of N33,
3ka is negative, by the action of "or" circuit N35.

Formation of Address Generator 8ignals. The circuits

associated with tubes P5 and P6 are used to form the signals to
the address generator. The address generator senses the address
digits 10-19 of the order register R3 during an action cycle if
the "true use memory” signal is negative; otherwise the dispatch
register of the dispatch counter is sensed. "Action" and "true
use memory" are inputs to "and" circuit P5, the output of P5

is "address generator read R3". The output of P5 is inverted in

P6 to form "address generator reads counter”.

Formation of Signals for Memory Chassls. The signals

"regenerate or read" and "action and write" used in the memory
chassis are generated in the circuits of D37, 38 and M4k, 5, 6,
15, 16, 27 and 38b. Writing into the memory occurs only during
execution of the M, E, and E' orders. The corresponding signal,

called "use memory, write (op)" (D31 M27) is generated in the
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decoding chassis. The "action and write" signal is negative
during the action cycle occurring as a partvof the execution of
the M, E, and E' orders, otherwise the "regenerate or read" signal
- 1s negative. The "use memory, write (op)" signal and the "action"
signal are applied as input to "and-not" circuit M27. The out-
put of M27 and of cathode follower M38b is therefore.positive
only during the action cycle occurring during execution of the

M, E, or E' orders and is negative during regeneration or reading
cycles. The cathode of M38b provides the "regenerate or read"
signals to all memory chassis-

The generation of the "action and write" signals for the
memory chassis is more complicated. Three separate "action and
write" signals are provided as follows:

(1) The W signal provides "action and write" signals
to chassis 0-9 and 20-29 and 1s negative during the action cycle
of the M order.

(2) The WE signal provides "action and write" signals
to chassis 10-19 and is negative during the action cycle of either
the M order or of the E order.

(3) The WE' signal provides "action and write" signals
to chassis 30-39 and is negative during the aetion cycle of either
the M order or of the E order. The W, WE, and WE' signals are
generated as positive signals and are inverted by "not" circuits
M6b, ha, and 4b respectively. The generation of the three "action

and write" signals may be a source of confusion for two reasons:
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(1) Positive signals rather than negative signals
are the actuating signals in the logical circuitry. The result
is that in logical drawings, opposite grids of flipflops are
sensed and "or" circuits become "and" circuits, and vice versa.

(2) An identity of Boolean algebra is used to |
simpiify the circuitry. The identity is x' vxy = x’ﬁy where the
symbol v represents "or", x' i1s "not x," and xy is "x aﬁd y".

In this case x is a binary variable representing the A. V. flip-
flop D64 and y represents the +, - flipflop D63.

S8tates of decoding register flipflops used to indicate
the M, E and E' instructions are shown in the function register
order code, Drawing 307. The logical equivalent (for positive
actuating signals) of the circultry generating thé three "action
and write“ signals is shown in Figure 5.6. Note that the cathode
of D38 is positive if either the M instruction or the E instruc-

“tion is in the decoding register, but not if the E' instruction
1is belng sensed. The D37 cathode is similarly positive for the
M or E' instructions, but not for the E instfuction.

One final comment should be made with regard to the
design of circuits supplying the "action and write" signals to
the memory chassis. “Each chassis contains a 1 ma. bleeder de-
signed to increase the input voltage by approximately ten volts.
(8ee Drawing 196, tube Wll). The bleeders must be considered in
the selection of the cathode resistors of the cathode followers

M15, 16. As an example, the equivalent circuit fbr the AE cathode
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follower Ml5a is shown in Figure 5-T-° If Ml5a did not conduct,

the cathode voltage would fall to approximately -70v. In order
that the cathode voltage may rise to Ov, Ml5a must conduct 14

ma; 11 ma will then flow through the bleeders in the memory chassis,

and a current of 25 ma flows through the cathode resistors.

USE MEM.,WRITE,
OR, ¢ ACTION.

M 38b
. N
NE. QJM o= W
A
T e ‘ @5@ i WE
A &
- N FTTT M5B o WE
FIGURE 5.6

Formation of Write Signals for Memory Chassis
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FIGURE 5.7

5.15 CLEARING AND GATING FOR WORD TRANSFERS EXECUTED

IN SYNCHRONISM WITH THE MEMORY. Word trensfers from the memory

to the reglsters of the arithmetic unit or control are executed
in synchrpnism with pulses of the memory. The number transfer
from the arithmetic register R2 to the number -register R3 which
is part of the A order is also executed in synchronism with the

memory pulses. The complete list of clears and gates executed

in synchronism with the memory is given in Table 5.7 above.
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In all cases clearing occurs during the up counter pulse
time and gating occurs during the writing dash pulse time. Circuits
are provided to check that the clearing and gating voltages have
gone negative. The checking circuits provide a "have cleared and
gated" signal which must be present if any further steps are to

be executed.

Detailed Description, The circuits used for generation

of clearing and gating voltages for word transfers executed in
synchronism with the memory comprise the bulk of the register
selection chassis (Drawing 288). In particular, the tubes used
are P1b, 2, 3, 4b, and P7 to P20 inclusive. The checking circuits
are found in the memory control chassis, Drawing 289. Tubes

Mi9a, 50-54, 61, 62, 6L4b, and 65-68 are used for this purpose.

S8ince the four clearing and gating sequences listed in
Table 5.6 are quite similar, only one -- the transfer of a number
from the memory to the number register R3 -- will be described
in detail.

It is assumed that one of the arithmetic orders (additionm,
multipliéation or division) has been gated to the decoding-regis—
ter. The turnover of the control-operate flipflop K15 to the
operate or O state enables the "true use memory" signal D55 M3
and the "arith. orders" signal D42, P7, 17. The "arith. orders”
signal is applied to the grids of "and" cchuits P7 and P17. The
"true use memory" signal synchronizes the memory and the control
for one action cycle, as described in Section 5.13. It should be

recalled that the action cycle begins during the action sense pulse
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with the turnover of the action-regenerate flipflop N17 to the
action or O state. The action state produces a negative voltage
on one grid (pin 5) of "and" circuit P19 and also on one grid
(pin 6) of "and"™ circuit P20. The action sense pulse is followed
by the delay pulse which is followed in turn by the‘up counter
pulse. The up counter pulse 1s applied to the other grid (pin-
6) of P19 and the cathode of P19 goes negative. A negative
signal is then produced on one grid of each of the four "and"
circuits P13, 14, 7, 8. The second grid of "and" circuit P7

has been pulled negative by the "arith orders" signal, so that
the cathode of P7 is now negative. The clear voltage is genera-
ted in P3a and P2b and is transmitted to the RCR3 driver driver
chassis (Drawing 194) and eventually enables the red clear in

R3. The RCR3 voltage is applied through "or" circuit M6Lb, 65

to the plate .of the checking flipflop M66, setting it to the

O state. The length of the red clear is determined by the length
of the up counter pulse.

Approximately 12 p sec after the end of the up counter
pulse, the writing dash pulse begins. The action state of N17
and the writing dash pulse enable "and" circuit P20 which, with
the "arith orders" signal enables "and" circuit P17. The gate
voltage is generated in N11 and is transmitted through the gate
driver circuit (Drawing 280) to enable the Green Gate in RS.

The green gate, through "or" circuit M52 and gate circuit M53,

sets the checking flipflop MA7 to the O state. The O state
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of M67 and the O state flipflop M66 enable "and" circuit M68, which
then provides the "have cleared and gated" signal to the control.
The duration of the gate signal is approximately that of the writ-
ing dash pulse.

The next action sense pulse, which begins approximately
2 p sec. after the end of the writing dash pulse, returns the
action-regenerate flipflop N17 to the regenerate or 1 state, there-
by disabling "and" circuits P19 and P20.

The transfer of order pairs from the memory and the synchro-
nous gating of the R and A orders are similarly executed. Separate
checking circuits (M49a, 50, 51, 61, 62) are provided for the trans-
fer of order pairs from the memory. The order pair transfer check-
ing flipflops M6l, are reset to the 1 state by the operate or O
state of the control-operate flipflop N15. The number transfer
checking flipflops M66,67 are reset to the 1 state by the control
or 1 state of flipflop N15. Resetting voltages are generated by
bleeding up normal flipflop voltages by approximately 10 v. The
resistance networks used for this purpose are located between the

cathode followers of N21 and those of N22 (Drawing 290).

5.16 THE DISPATCH COUNTER. In the design of a digital

computer using a single address code and having a Williams type
memory, it is necessary to include a controi counter for sequenc-
ing orders and a regeneration counter for controlling regeneration

of successive memory locations. The number of stages of each of the
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binary counters -- ten in ORDVAC -- is determined by the number

of storage locations in the memory. The counting process in the
regeneration counter occurs during the regeneration cycles; in

the control counter, thé counting process occurs during the action
cycles. Since regeneration cycles and action cycles are mutually
exclusive timewise, it is possible to combine certain of the
operations in the counting process. The resultant combination
control and regeneration counter is called the dispatch counter.

The counting process is quite straightforward. The pro-
cess will be described for the regeneration counter; with slight
changes in terminology, the description applies to the control
counter. At the beginning of the regeneratioﬁ cycle, the number
under consideration is located in the regeneration register. The
common or dispatch register is cleared by the ection sense pulse
and the number in the regeneration register is gated to the dis-
patch register by the up counter pulse. Circuits consisting
essentially of one-half adder and one carry circuit per digit
generate the next address to be regenerated. The regeneration
register 1s then cleared by the writing dash pulse and the output
of the half adders is géted by the dash end pulse to the regenera-
tion register to complete the counting process.

The half adder and carry generating circuits and the dis-
patch register are common to both counters. The inputs to the
half adder circuit of each of the nine most significant stages are
(1) the carry from the previous stage and (2) the corresponding

digit of the dispatch register. For the least significant digit,
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the half adder inputs are (1) the least significant digit of the
dispatch register and (2) a negative voltage indicative of al.
Under these conditions, the outputs of the half adders ;epresenx
a 10 digit binary number which is one greater than the number in
the dispatch register. The half adder outputs can be gated to
either the regeneration register or to the order register.

The address generator senses the dispatch register during
all regeneration cycles and during many action cycles as well.
It is important that the dispatch register should indicate the de-
sired address during the time the beam is turned on in each of
the cathode ray tubes in the memory. In terms of the pulses
listed in Section 5.13, the beam ig turned on at the:beginning
of the writing dash pulse and is turned off -- at the very latest
-- during the dash end pulse. The address 1s gated into the dis-
patch registér by the up counter pulse at least 9usec. before the
beam is turned on. The dispatch register is cleared to O by the
action sense pulse after the beam has been turned off.

Dispatch Counter Circuits. The dispatch counter chassis

(Drawing 274) is a 9 réw, 12 column chassis. Columns 1 and 2
contain clear driver and gate driver circuits for the three ten-
digit registers of the dispatch counter. Columns 3 to 12 contain
the registers, gates, and logical circuits of -the dispatch counter.
The flipflops of row 1 form the regeneratién register, those of

row 5 form the dispatch register, and those of row 9 form the

control register. Rows 2 and 8 (col. 3-12) are gate tubes for
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the following four gates:

(1) Tubes of colummns 3, 5, 7, 9 and 11, row 2 are
used to gate from the regeneration register to the dispatch
register. This éate is ;alled the B, gate.

(2) Tubes of columns 3, 5, 7, 9 and 11, row 8 are
used to gate from the control reglster to the dispatch register.
(B, gate).

(3) Tubes of columns 4, 6, 8, 10, 12 row 2 are
used to gate the half adder outputs to the regeneration register.
(A,r gate).

(4) Tubes of columns 4, 6, 8, 10 and 12, row 8 are
used to gate the half adder outputs to the control register.

(A.o ggte).

The remaining tubes in the dispatch counter, namely rows
3, h, 6 and 7 (columns 3-12) contain the logical circuits which
generate the carry and half adder outputs.

The logical diagram of the half adder and carry circuits
with gating for one counter is included in Drawing 274. A carry
is generated in the nth stage in the "and" circuit of row 3 if a
carry was generated in the (n - 1)th stage(the stage to the left)
and if the flipflop in the nth stage of the common register is
in the 1 state. To prevent deterioration of a carry signal through
a number of stages, circuits of the type shown in row 4, column
4 are inserted in each even column of row 4. This carry regenera-

tion circuit is not shown on the logical diagram. The half adder
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circuit is composed of the inverters of row 7, odd columns; the
"and" circuits of rows 3 and 6; and the "or" circuits of row 7,
even columns. Grids of the A gate tubes in the nth stage are
negative under two conditions:

(1) The flipflop of the nth stage is in the 1 state
and a carry is generated in the (n-l)th stage,

(2) The flipflop of the nth stage is in the O state
and a carry is not generated in the (n-l)th stage.
If the grid of an A gate tube is negative, the flipflop of the
order or regeneration register is left in the O state to which
it has previously been cleared, otherwise the A gate tube draws
current and sets the flipflop to the 1 state.

DISPATCH COUNTER GATING. Circuits in the memory control

chassis control dispatch counter gating to accomplish the follow-
ing:

(1) During each regeneration cycle and during each
false use memory action cycle, the address in the regeneration
counter is increased by 1;

(2) During each action cycle involving the transfer
of an order pair from the memory, the address in the order counter
is increased by 1;

(3) During eacn false use memory action cycle, the
address in the order register R3 is gated to the control register.

The clearing and gating necessary for increasing the re-

generation address by 1 may be summarized as follows:
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(1) The flipflops of the dispatch register are
cleared to O's by the action sense pulse,

(2) The up counter pulse enables the B, gate which
transfers the contents of the regeneration register to the dis-
patch register,

(3) The flipflops of the regeneration register are
cleared to O's by the writing dash pulse,

(4)  The dash end pulse enables the A, gate which
transfers the next higher regeneration address to the regeneration
register.

The same process 1s used for increasing the control address
by 1, except that the control register is used and the B, and Ab
gates are enabled.

Transfer of an address from the order register R3 to the
cont;ol register of the dispatch counter is also effected by
clearing and gating in synchronism with the memory pulses. The
flipflops of the control register are first cleared to O's by the
up counter or the writing dash pulse. A checking flipflop is
provided to check that the gating has occurred.

Circuit Used.for Dispatch Counter Gating. Positive con-

trolling signals are generated in the logical circuits of M22, 3k,
59, and 63. Clearing and gating signals are generated in the
circuits of Mllb, 12, 23, 24, 36, 47, 48, 60, 71a and 72. The

circuits of M57a, 69, and 70 are used for checking the gating from

R3 to the control register.
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The three conditions for synchronous gating in the dis-
patch counter correspond to enabling signals in the memory control
circuitry. The enabling signals which are positive are as follows:

(1) The "regeneration or false use memory" signal |
which enables counting in the regeneration counter is formed by
M3k,

(2) The"false use memory and action" signal which
enables gating to the dispatch counter from R3 is formed by M59,

(3) The "control and action™ signal which enables
counting in the control counter, is formed by M22.

Typical clear-gate sequences are the clear control register,
A, gate sequence and the clear regeneration register, A, gate se-
quence. If the former sequence is desired, the "control and
action" signal (M22) is positive and the grids of M2ka and MiBa
are positive. When the writing.dash pulse pulls the cathode of
Mok negative, the order register is cleared by the action of Ml2a
and of the 5687's of row 9, columns 1 and 2 of the dispatch counter.
When.the dash end pulse occurs, the cathode of M48 is negative and
the A  gate is enabled through M60b and the circults of row 6,
column 1 and row 8, columms 1 and 2 of the dispatch counter. If
the "regenerate or false use memory" signal is positive, the grids
of M2hb and MUBb are positive and the writing dash pulse and dash
end pulse enable the clear regeneration reéister, Ar gate sequence,

During true use memory action cycles, none of the three

dispatch counter enabling signals listed above is positive. The
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circuits have been designed in such a way that the control
address appears in the common register during true use memory
action cycles. (The reasons for this design will be discussed
in connection with order Qair test procedure, Section;5.19.) The
dispatch register is always cleared by the actlon sense pulse. |
In all cases an address is gated to the dispatch register during
the up counter pulse. VIf regenerate or false use memory (M34)

is positive, the B, gate is ensble through MiTb and M36a. If

the cathode of M34 is negative, the output of inverter M63 is
positive and the B, gate is enabled through MiT7a and M60a. The
cathode of M34k is negative during control action cycles and during
true use memory action cycles as well.

The Delay Pulse. The delay pulse 1is used to prevent

spurious dispatch counter gating; If the period'of time during ,
which the action sense pulse and the memory enable signal are

both negative is short enough, a small negative pulse will appear
at the plate (pin 2) of the action-regenerate flipflop N17. This
negative pulse will not be of sufficient magnitude to set the flip-
flop N17 to the action state, but it will be large enough to appear
at the cathode of M34 and on the grid of M63. The inverter M63
amplifies, inverts and delays the pulse to the extent that the
grid (pin 6) of MiTa is positive during the beginning of the

pulse following the action sense pulse. If this following pulse

is the up counter pulse, M4Ta conducts sufficiently to produce a

spurious gating signal in the B  gate circuits. The introduction
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of the delay pulse eliminates any possibility of spurious. gating

of this sort.

5.17 INITIATING SIGNALS FOR ARITHMETIC STOP CHASSIS.

The interplay control supplies two initiating signals to the
arithmetic stop chassis, as follows:

(1) The reset enable, which initiates the resetting
of the shift counter to O;

(2) The go enable, which enables clearing and gating
sequences in the accumulator and arithmetic registers.

It is necessary to supply both of these enabling signals
for all orders using clearing and gating sequences in the accumula-
tor and arithmetic registers. These orders are conveniently
classified in three groups:

(1) The arithmetic orders, which include the eignt
addition orders, the multiplication orders, and the divide order;
(2) The shift and the input-output orders; namely,
the left shift, the right shift, the input and the print orders,
(3) The eight A orders.
Corresponding to these three groups of orders are three signals
manufactured in the decoding chassis, called "arith. (Op)"
(D42, M9, 44 P7, 17), "LS v RS v Print v Input (Op)" (D43 M31),
and "A(Op)" (D41, M18, 19, 45, P8, 18).

Preliminary steps in the execution of the above groups of

orders are automatically programmed in the following manner: The
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turnover of the control-operate flipflop N15 to the operate O
state and the turnover of the clear-hold flipflop D65 to the

hold or O state after the accumulator has been cleared enable one
of the three order group §ignals listed above. The reset enable
signal will go negative and the memory enable signal will also

go negative if an action cycle is desifed. When the counter has
been reset and when the action cycle, if any, is completed, the
go enable signal will be negative and the execution of those steps
of the order involving use of the arithmetic unit will begin.
Thus, if use of the memory is involved in the execution of the
order, the shift counter will be reset during the memory access
time; otherwise the arithmetic unit phase of the execution will
be delayed until the shift counter has been reset.

Detailed Description of Circuits. Logical circuits used

for generation of initiating signals for the arithmetic stop chassis
are shown on Drawing 348. The signals "A (Op)", (D1k M19), "Arith.
(op)" (Dh2 M19), and "LS v RS v Print v Input" (D43 M31) are applied
as inﬁuts to "or" circuit M19, 3la. As a result, the grid of M35b
is negative, which enables "and" circuit M35b B9 which,bin turn
enables the resetting of the counter. Completion of the resetting
process enables all inputs to "and" circuit B15, 2ka, M71b with

the possible exception of the grid of M7lb. For the shift or imput-
output orders, the grid of M7lb is enabled when the counter re-
setting process begins. The signal‘"LS v RS v Print v Input” is

applied to "or" circuit M43, 31b and the grid of M7lb is enabled
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through the double inverter M58. For the A orders and the
arithmetic orders, an action cycle must be completed before the
grid of M71lb is enabled. During the action cycle of the A orders,
the address 1s transferred from R3 to the control counter and a
number is transferred from R2 to R3. During the action cycle of
the arithmetic orders, a number is transferred from the memory to
R3. For either group of orders, the number transfer to R3 enables
the "have cleared and gated" signal (M68) and completion of the
action cycle enables the "have used memory" signal (N6). These
signals in turn enable "and" circuit M56. The transfer of the
address in R3 to the control counter enables the "have gated to
dispatch counter™ signal (M57a). If all transfers have been pro-
perly executed, completion of the action cycle enables "or" cir-
cuit M43, 31b through "and" circuit M4l for the arithmetic orders
or through "and" circuit Mi5, 57b for the A orders. In this way
the initiating signal is supplied for clearing and gating sequences

in the arithmetic unit.

5.18 GENERATION OF COMPLETION SIGNALS AND THE COMPLETION

FLIPFLOP. When all steps necessary for the execution of an order
have been completed, a completion signal is generated. For the
orders of ORDVAC, the following six completion signals afe genera-

ted:

(1) The (C) signal is enabled in the decoding chassis
for conditional control transfer orders if the sign digit of the

accumulator register is a 1%
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(2) The e (C) signal 1s enabled after the address has
been transferred from R3 to the control counter during the execu-
tion of a control transfer order;

(3) The e (Stop) signal is enabled after the address
transfer from R3 to the control counter has been completed if the
conditional stop is to be ignored;

(4) The e (R) signal is enabled after a word has
been transferred from the memory to the arithmetic register for
execution of the R order;

(5) The e (E) signal is enabled after a word or
address has been read into the memory from the accumulator re-
glster R, for execution of the M, E, or E' order;

(A) The e (Arith. Orders) signal is enabled at the
completion of all orders which utilize the arithmetic stop chassis
and shift sequencing chassis in their programming. These orders
include the eight A orders, the shift orders, the print and input
orders, and the addition, multiplication, and division orders.

In cases (2) through (5) listed above, the transfer of a
word or of an address is essentially all that is required for the
execution of the order. 1In all of these cases, the clearing and
gating necessary for effecting the transfer is executed in syn-
chronism with the memory. The "have used memory" signal is there-
fore sensed in the generation of the corresponding completion sig-
nal.

Any one of the completion signals will set the completion
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flipflop to the 1 state, which in turn sets the control-operate
flipflop to the control state. This indirect means of setting
the control-operate flipflop is employed to insure that the "memory
enable"” signal is interrupted during each operate sequence. The
interruption is accomplished in the following manner. Inifially,
the completion flipflop is set to the O state during the control
state of the operate-control flipflop. During the operate se-
quence, the O state of the completion flipflop is sensed in the
generation of the "memory enable" signal. Thus, when one of the
completion signals sets the completion flipflop to the 1 state,
the "memory enable" signal is disabled. The "have used memory"
signal is then disabled which in turn enables the turnover of the
operate-control flipflop.

Generation of e (C) Signal. Tt is necessary to generate

a signal which is negative if a conditional control transfer is not
to be executed. The cathode of "or" circuit D19 is enabled if
either conditional control transfer order is in the decoding re-
gister. The cathode of "and" circuit D20 is negative if the accumu-
lator sign digit is a 1. This signal after being inverted: twice in
D39 is one input to "and" circuit D26, the other input being.the
"operate" side of the operate-control flipflop N15. The cathode

of "and" circuit D26 provides the e (C} signal for the interplay

control circuits.

Generation of Completion Signals for Control Transfer

Conditional Stop, R, and Store Orders. All steps necessary to
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execute any one of the control transfer, conditional stop,

R, or store orders occur during a single action cycle. The "have
used memory" signal is sensed in the generation of the end sig-
nals corresponding to tHese order groups. The clearing and gating
sequences of the R order which effect transfers from the memory’
are checked; proper execution of the sequence enables M68. Simi-
larly, the gating to the dispatch counter of the control transfer
or Stop orders is checked to enable M57a. Each of these checking
signals is combined with the "have used memory" signal in"and"
circuits M56 and M33, respectively. Each completion signal is
formed by combining the signals enabled by the order group with the
"have used memory" signal directly for the store orders, or with
the output of M56 or M33. The completion signals are generated

in M28, Mi2, M55 and M32.

Generation of Completion Signals for Orders which Utilize

the Arithmetic Stop Chassis. During the last pair of clear-gate

sequences occurring in the execution of orders utilizing the shift
sequencing and arithmetic stop chassis, a‘signal is generated to
set the stop flipflop.Bl to the O state. The final black gate or
red gate will then set the end flipflop B6 to the 1 state. When
the black gate signal again goes positive the cathode of "and" cir-
cuit B3 is enabled. The B3 cathode signal, called "B end enable”
would serve as a completion signal for all orders utilizing arith-

metic stop chassis, except for two conditions:
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(1) In multiplication, it is necessary to make a
correction if the multiplier is negative;

(2) 1In the execution of the input order, it is necessary
to gate the four binary digits of the tenth sexadecimal character
to the accumulator after the cathode of B3 is enabled. A "tape
end" signal, which remains positive until the gating is complete,
is available in the input circuitry.

The completion signal for all orders utilizing the arithmetic stop
chassis is generated by "and" circuit M9, 3a which has as inputs
the three signals "B end enable" (B3), the "tape end" signal, and
a signal from the 1 side of the multiplication correction flipflop
C62 which indicates that no correction is necessary. If a cor-
rection is desired, the multiplication correction flipflop C62 will
be in the O state and the cathode of C6ha will be negative. The
output of C6bla and the "B end enable" signal are inputs to "and"
circuit M8. When "and"™ circuit M8 is enabled, the false control
flipflop B4 is set to the 1 state, the reset and stop flipflops
Blk and Bl are reset, the false control flipflop Bk is returned to
the O state, and the correction (a subtraction) begins.

The Completion Flipflop. It is assumed that the execution

of an order involving use of the memory has Jjust begun. The com-
pletion flipflop Nl6 is in the O state, so that the "Op mem. enable”
signal (M10 N28) enables "and" circuit N28 and through "or" circuit
N35 requests an action cycle. At the end of the action cycle the

"Op mem. enable” and the "have used memory" signals are negative.

180



The enabling of "or" circuit P22, 23, 24 by one of the completion
signals sets the completion flipflop N16 to éhe 1 state through
gate N10b. The "and" circuit of N28 is disabled and the grid of
gate N12a goes positive; thereby setting the synchronization flip-
flop N18 to the O state. The "have used memory" signal is dis-
abled and the output of inverter N2Lb is negative. The cathode

of "and" circuit N23 then goes negative, enabling the turnover of
the operate-conﬁrol flipflop to the 1 or control state, and sig-
nalling the completion of the instruction. The control state dis-
ables the "Op. mem. enable"” signal and the completion flipflop

is reset to the O state by gate N1lOa. For orders which do not re-
quire use of the memory, the "have used memory" signal will be
positive and the output of inverter N2bb will be negative through-
out the execution of the order. "And" circuit N23 will in this
case be enabled as soon as the completion flipflop N16 is set to

the 1 state by a completion signal.
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CHAPTER 6

ORDVAC ENGINEERTNG MATNTENANCE

EVERY HOUR:

1. Check the filament voltages to insure that each is
6.2 volts excepting the minus 100 circuit which should be set to
5.7 volts.

EVERY EIGHT HOURS:

1. Check the d.c. voltages on the end panel of the machine.
2. Check the memory adjustments by running a flaw test;

a read-around test.

3. Run the leapfrog test for twenty minutes.

EVERY TWENTY-FOUR HOURS:

1. The memory should be checked using an oscilloscope
to observe the video signals at each memory chassis while the memory
is reversing using the order pair: clear subtract - store.

2. Check the cooling system to see that the exhaust air
from the machine is less than 4O degrees centigrade.

EVERY WEEK:

1. Check the outputs of the adder and digit resolver circuits
for all states of the input digits. If any circuit of the adder de-
viates by more than 10 volts from its circuit diagram value then that
section of the adder should be examined to ascertain why this is so.
Similarly, the digit resolver should be chécked at the grids -of the

tubes in Rows 2, 4 and 6 to see that the d.c. voltages are within 20
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volts of the circuit diagram values and the output of the digit
resolver should be checked.

2. Run the leapfrog test for 4 hours.

3. Set four main d:c. voltages with a 1/2 of one percent
meter to their correét values to 1/2 of one percent as read on meter.
EVERY MONTH:

1. The grid voltages of the flipflops in RI RII and RIII

should be checked for the negative state to see that the grid voltage
is more than 25 volts negative when the filament voltage for the
ground circuit of the register side is 6 volts or less.

2. The d.c. values of the clear voltages and the gate voltages
should be measured in each register at both the positive values and
the negative values. When the negative states of the gates are checked
it should be done with the filament voltage at 6.4 volts with a large
gate load and a check should be made at 6 volts with a small gate load.
Similarly, a check should be made when the gates ére positive and the
filament voltage is 6.0 to see that the multiplier A chassis would
not "hang up".

3. Check the memory pulses to be sure that each is going
from +10 to -10 volts and to see that they are of the proper time
length.

. While exercising some caution hammer-test the registers,
adder, digit resolver, and the address generator. Very light taps

will be sufficient to show up some tube errors which might cause
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trouble during the coming month, but it is not necessary to
-vigorously hammer-test the circuits.
5. Change the air filters.

EVERY THREE MONTHS:

1. Inspect all power supplies and tubes to see if there
is any appreciable accumulation of dirt and to see that all tubes
are operating (one rectifier could be out without its being known).
EVERY YEAR:

1. Remove the covers from the machine and inspect all
wiring for dirt and dust. If this has accumulated then it should
be removed with a brush and a vacuum cleaner.

AT THE END OF THREE YEARS AND EVERY YEAR THEREAFTER:

Remove all of the electrolytic condensers from the four
main power supplies and check the capacity and leakage of each.

Replace any condensers in which the leakage is excessive or in which

the capacity is low.
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CHAPTER 7

OPERATING PROCEDURE

In this chapter a description is presented which will
enable the machine to be placed into operation. This requires
that the necessary power switches be turned on, that a basic
operating test be made, and that the initial input order be placed
into the machine. The effects of the various positions of the
"operating" switches are also discussed.

7.1 TURNING ON THE MACHINE. Because of the interlocks

provided, it is necessary to follow a certain sequence of steps
to turn on the machine. These steps are as follows:

1. TURN ON THE BLOWERS. If this is not done an inter-
lock will prevent the application of more than one-half the normal
filament voltage on all of the tubes.

2. TURN ON THE MAIN FILAMENT SWITCH. This switch has a
time delay relay so that when the switch is first turned on the
filament voltage is very low. After about 1 1/2 minutes the delay
relay closes and full voltage is épplied to the filaments.

3. INSPECT ALL FILAMENT VOLTMETERS. These meters are
located on the end of the machine nearest the memory slave tube.

The voltages should with one exeeption be set to 6.2 volts. The single
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exception is the circuit on the adder side ﬁhich is pegged at
+100 volts. It has been common practice to set this to 5.5 volts.

4. INSPECT THE D-C LINE VOLTMETERS. These meters are
located on the end of the machine farthest from the memory slave -
tube. Inspect meter on memory high voltage power supply.

5. TURN ON THE D-C POWER. This is done by turning
to ON the d-c power switch and then pushing the d-c push button.
Both of these are located on the switch panel at the end of the
registers near the d-c meters.

6. INSPECT MEMORY SIAVE TUBE AND NOTE WHETHER SOME
NEONS ARE GLOWING. If everything is normal, a raster should be
seen on the slave tube and some neons should be glowing. There
may be none on in the registers, but certain control neons should be
on. If the d-c power will not stay on it is an indication of a
fault. The d-c is fused with a large number of separate circuits,
and if any of these fails a holding relay will drop out and shut off
the d-c power. Therefore the d-c fuses located inside the door be-
neath the d-c meters should be checked. Another possibility is the
failure of an a-c filament circuit or (rarely) one of the filament
voltage checking tubes.

T. INSPECT THE D-C POTENTIALS OF THE FILAMENT CIRCUITS.
Many of these are different from ground. The voltage at which
each filament circuit is pegged 1s marked on the meter associated
with it, and if the pegging voltage is not at ground potential the
neon above the meter should glow. All of the glowing neons should

have about the same brightness. The top electrode should glow for
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the positive voltages and the bottom one should glow for the nega-
tive voltage. If any potential is wrong, the trouble should be
sought and fixed.

8. TURN ON THE TELETYPE SWITCHES. The Teletype equip-
ment receives some of its power through switches on the Teletype
tables. Turn on the two switches beneath the surface at the left
of the Teletype input table and turn on the motors of the Teletype
units. The motor switch is at the right side near the keyboard of
the page printer.

7.2 BASIC OPERATING TEST. If all of the steps of Section

7.1 have been carried out and if everything is working properly,

it is usually necessary for the machine to be allowed to warm up for
about 30 minutes if it has been turned off for any appreciable time.
This is to obtain satisfactory memory storage without readjustments.
During this waiting period a reversing routine can be run.

The reversing routine is set up by using the' switches and
push buttons on the operating panel beneath the slave tube. The pro-
cedure is as follows:

1. Set the white switch to OPERATE,
2. ©Set the black switch to RUN,
3. Set the red switch to CRDER PAIRS,

4., Put the "clear accumulator and subtract” order
L1000 into the even (left) location of Rg,

5. Put the "store" order 40000 into the odd (right)
location of R3,

6. Throw the white switch to RUN.
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The machine should now successively execute the two orders
at each memory location in turn. This will repetitively change
dots to dashes and dashes to dots. The neons in Rl, R2 and R3 will
go on and off like a flashing sign.

At the end of its warmup time the memory should be cleared
by pressing the MEMORY CLEAR button on the operating panel. It is
then easy to see whether or not each of the 39 memory tubes is re-
versing properly by examing them all with the slave tube and the
LO-position switch. Tube 39 does not reverse in this test.

If some memory tube does not reverse properly there is a
fault in a register, in the adder - digit resolver, or in the memory.
If only a few addresses on some memory tube fail to reverse properly,
this is a clear indication that the trouble is associated with that
particular memory tube. This will ordinarily be correctable by
making relatively minor adjustments of the intensity, focus, or
astigmatism controls for the tube in question.

If it is necessary to make this adjustment it 1s ordinarily
necessary to connect up an oscilloscope to observe the video signals
coming from the particular memory chassis which shows the trouble.
The oscilloscope cah easily be synchronized by the use of the dash-
end pulse which has been connected to a convenient terminal near
the memory rack. The technique of adjusting the memory should nor-
mally be carried out while it is attemptiné to make the clear subtract
and store order operate satisfactorily. If the oscilloscope is

properly synchronized a very clear indication should be seen for the
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dashes and dots. An attempt should be made to adjust the three
controls so that the oscilloscope traces of the signals from the

dots are well grouped, those from the dashes are well grouped,

and so that those from the dots do not have a tendency to go positive.
For a more detailed discussion of memory adjustment see Section L.L.

7.3 PUTTING A PROBLEM INTO ORDVAC. If the requirement of

Section 7.1 and 7.2 have been met, it will be possible to put a
problem into the machine. There are two ways in which this can be
done:

(a) Using order pairs,
(b) Using an input routine.

Order- Pairs Method. This method requires the attention of

the operator for stopping at the correct place. It is as follows:
1. Set the red switch to ORDER PAIRS,
2. Set the black switch to RUN,

3. Set the white switch to CONTROL with the
neon beneath it OFF,

k. Set the control counter to the address
at which the first tape word will be
stored. If this address is 0, it can be
set by pushing the unmarked button on the
control panel.

5. Put the order pair 80028 40028 into R3,

6. Put the tape into the tape reader at the
first word to be read,

7. Throw the white switch to RUN,

8. As the last word is being read from the
tape, throw the white switch to OPERATE,

9. Move the white switch to CONTROL and back to

OPERATE. This will store the last word read
in from the tape,
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10. Set the red switch to NORMAL,

11. BSet the control counter to the address of
the first word of the program,

12. Throw the white switch to RUN.

The foregoing procedure will put the tape contents into
successive memory locations-beginning with the address set into
the control counter and will then start the program.

Input Routine Method. This method is more elegant and

leaves less opportunity for operator error. It requires an input
routine, of which there are many kinds. This input routine pre-
cedes the main routine on the tape and once it is started assumes
complete control of the input operation, requiring no operator
attention. It is assumed here that an input routine beginning at
address O is used.

1. Set the red switch to NORMAL,

2. Set the black switch to RUN,

3. Set the white switch to CONTROL with
the neon beneath it OFF,

k., Set the control counter to O by pushing
the unmarked panel button,

5. Put the order pair 80028 40000 into Rs,

6. Put the tape into the tape reader at the
first word to be resad,

7. Throw the white switch to RUN.
This is all that is necessary to put in a program and run

it. However, the programmer may have coded check stops into the
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routine and if this 1s so the operator will have to move the

black switch to START each time a check stop occurs.

7.4 THE OPERATING PANEL. This panel, located near the

memory slave tube, has 3 switches, 2 pushbuttonsand a neon. The
functions of these switches and buttons are as follows:

White Switch. This switch has 3 positions.

1. CONTROL. The result of going to this position
depends upon what has previously taken place. If a right hand
order was Jjust executed, a new order pair will be brought into
R3 from the memory and one of the orders will be gated to the
decoding register. It will be the left hand order unless the
right hand order executed was an order transferring control to
the right-hand side.

If a left-hand order (not a control transfer order) was
Just executed, the right hand order will be gated to the decoding
register. If the left hand order was a control transfer order, a
new order pair will be brought into R3 from the memory and one of
the orders will be gated to the decoding register.

2. OPERATE. The machine will execute the order gated
to the decoding register when the switch was on CONTROL.

3. RUN. The machine will automatically carry out the
operations which would be performed singly if the switch were moved

back and forth between the CONTROL and OPERATE positions. The RUN

position is the normal operating position.
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BLACK SWITCH. This switch has 3 positions:

1. RUN. This is the normal position. When the
switch is in this position the machine will stop whenever it is
presented with the conditional stop order 30.

2. START. If a conditional stop order has been en-
countered, the machine will start again if the switch is thrown
to START and released. The switch will not stay in the START position.

3. STOP DISABLE. When the switch is in this position
the machine will ignore all conditional stop orders.

RED SWITCH. This switch has two positipns.

1. ORDER PAIRS. The machine will indefinitely execute
the order pair in R3, doing the left and right-hand orders alterna-
tely. Moreover, all addresses that normally come from R3 to the
address generator will now come from the control counter. Other
addresses will be unaffected.

2. NORMAL. This is the usual position of this
switch. _

NEON LIGHT. This light is on the A flipflop (Chapter 5,
Part II). When the white switch is on CONTROL and the neon is OFF,
the machine will execute the left hand order next.

MEMORY CLEAR BUTTON. When pushed this button will clear the

memory to dots (1's) in every location

UNMARKED BUTTON. When pushed this button will set the

control counter to zero.

During the normal running of a_program, the effect will be
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disastrous if either pushbutton or the red switch is used. No

harm will result from moving the white or black switches.
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CHAPTER 8

TROUBLE SHOOTING TECHNIQUES

There is no magic formula or apparatus which will provide
the answer to every maintenance problem. An efficient trouble-
shooter must be intimately familiar with the logical structure of"
the machine, and such familiarity will in general come only with
experience. A few words of advice seem desirable in this matter,
however.

The machine is a complex arrangement of elementary circuits.
Fixing any individual circuit will usually be a simple matter for
a person with a basic understanding of vacuum tube circuits. Lo-
cating the particular elementary circuit at fault among the hundreds
of faultless circuits, however, poses a problem of major proportions.
Quite obviously the total number of failures that could occur in
a machine having 2700 vacuum tubes 1s immense. Assuming that only
-tubes could be at fault one sees that the task of compiling a table
of symptoms and causes would be a prohibitively long one. As a
result, the only way to find a faulty circuit is to follow some sort of
logical procedure which is calculated to find the most difficult error
in the shorﬁest time. Short cuts can always be found which will take
care of special cases with a saving in time and effort. In geﬁeral,
these will be learned by experience.

The computer can be divided into four primary subparts: They
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are the input-output, the arithmetic unit, the control and the
memory. If possible the first step in the resolution of any
failure should be to isolate the error by reasoning, test, or
measurements to one of these primary subparts.

8.1 FINDING THE FAULT, Quite often the major problem

is deciding in which of the main subparts the trouble lies. The
procedure for doing this cannot very well be dictated since the
particular type of failure will determine the exact procedure to
be used. The most difficult type of fallure to resolve is one
which causes the machine to maske an error but which allows the
program to proceed through the problem as though everything were
correct. In such a case the only clue to the fallure is that the
answer is different from the predicted one or from the previously
calculated one. To find such an error it is essential that some-
one who knows the detalls of the program be available for trouble-
shooting.

Printing Out the Memory. The first step is usually to

examine the contents of the memory. This may be done simply by
printing out (by order -pairs) the entire contents of the memory
or. by running a comparison routine whereby only those memory
words are printed out which disagree with the corresponding words
on the problem tape. Input, Subtract, Conditional Transfer, Store
and Print orders are used in this routine and must be working.

From a machine standpoint, the order pairs technique is safer since
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it employs only the R and Print orders. The printed results must
then be compared with a written copy of the routine, however, which
admits the element of human error. It is obviously important to
know which memory locations are used for variable storage and which
orders may be changed by the routine itself in order to be able to
interpret the results properly.

Analysis of the Print-Out. From the nature of the dis-

crepancy (if any) between memory contents and tape, it may be
possible to deduce where the trouble lies.

a. Memory Indications. If several orders are missing
zeros in a particular binary digit, then very probably one digit of
the memory is not storing dashes properly. Looking at the memory
amplifier signals should enable one to confirm this diagnosis; how-
ever, before corrective measures are applied. If too many zeros
appear in one digit, there may be random errors appearing in one
memory tube. A short waiting period while the memory stores oniy
dots may show that particular tube to be picking up random dashes.
Tapping the suspected memory chassis lightly msy help also.

b. Adder-Digit Resolver Indication. If the orders which
appear to be incorrect in the memory are used as counting indices,
etc., and are passed through the adder, then the adder or digit re-
solver may be suspected. Numerical contents may indicate an adder
failure also. Here one should use a test routine which tells whether

the adder is functioning properly in every state of every digit, and
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whether the computer is capable of properly executing all the
other orders. An alternative procedure is to proceed stepwise
through the problem which has failed by manipulating the Operate-
Control switch and observing the treatment of the numbers in the
registers. This alternative procedure is only practical, however,
in. the case of short routines or short parts of long routines. It
should be emphasized that once the trouble has been isolated to a
particular part of the machine the complicated routine should be
set aside and a short, simple routine written which will rapidly
and continuously test that suspected part or order.

d. Control Indications. It may sometimes happen that
the routine will not proceed to the end and give an answer. In such
a case the machine may simply hang up and refuse to proceed past
one particular state of the control. This state 1s defined as the
combined status of the individual control flipflops. There are
several ways in which this can happen. The control safety circuits
which check to see that the clesrs and gates have been performed'’
properly may fail. The clears and gates themselves may fail. An
order may have been brought out of the memory improperly, such that
the control does not recognize the order. Or one of the completion
signals may fail to appear at the end of an order execution.

¢. Input-Output Indication. If the numbers stored

in the memory are incorrect, and have been printed out for inspection,
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the difficulty may lie with the inputrequipment. If the prob-

lem is read into the memory and read out agﬁin immediately before
any part of the problem is done, the only errors possible are input
errors, writing errors and random errors in the memory. A re-
versing pattern order pair (clear-subtract and store) should prdve
whether or not the memory is capable of large-scale writing failures.
If the memory reverses properly for several»minutes the blame can
probably be laid on the. input. Input test routines exist which read
a number from a contlinuous tapé and compare it with a number stored

in the memory.
8.2 MALFUNCTIONS IN THE ARITHMETIC UNIT. In the event that

the trouble appears to be in the arithmetic unit (a sum or a shift
is incorrect), there are four switches on the control panel farthest
from the slave tube which allow the addition or shift to be halted
after individual clears or gates so that the results of each opera-

tion can be examined. Table 8.1 gives the switches, called clear and

gate stop switches:
RC/BC ce/Ye YC/GC BG/RG

Table 8.1

Clear and Gate Stop Switches

When RC/BC is thrown to STOP, the operation.of the machine will be
suspended with the red or black clear on. If the GG/YG switch is

put to STOP and the RC/BC switch is returned to normal, the red
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(or black) clear will go off and the green (or yellow) gate will
€0 down and remain down as long as the switch is kept on STOP.

To proceed to the next step, the YC/GC switch is thrown to STOF
and the GG/YG switch is th;n returned to normal. Then the green
(or yellow) gate will go off and allow the yellow (or green) clear
to come on and stay on. The negative voltages of the clears and
gates can be measured with a d-c voltmeter by proper use of these
switches.

Once isolated to a main subpart, the error can be found
by redividing the main subpart at some convenient place in its
logical structure and deciding in which half the error then appears.
By such continued binary divisions the trouble can be most efficiently
localized.

After the particular circuit at fault has been located, its
specific trouble can be diagnosed by using a voltmeter or an os-
cilloscope to observe what 1s happening. When measuremenfs are made
with a voltmeter, it is not often necessary to calculate the oading
effect of the meter. 'However, attention must be given to the output
impedance of the circuit being measured, and if the impedance is
high enough a correction must be made on the voltmeter reading.

8.3 MALFUNCTIONS IN THE CONTROL. If one of the clears

(or gates) or the safety circuits associated with them have failed,
the machine will not proceed. Toggles T, and Tg in the shift se-

quencing chassis may hold the answer immediately. Table 8.2 shows

the states of T, and Tg which exist during each of the clears and

gates.
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Tc Tg OPERATION
1 1 RC or BC
0 1 GG or YG
0 0] GC or YC
1 0 RG or BG

Table 8.2

Clear and Gate Enabling Signals

If the program is arrested with T, and Tg in any except the 1-1
state, it should be very easy to find the circuit which is causing
the trouble. Assume, for example, that the yellow clear 1s being
held on in Ry. The fact that it is on can be determined by a d-c
measurement, or by simply noting that it is impossible to turn on
any of the flipflops in Rl' The trouble may be in the cathode
follower chain between R1 and R ,which would cause YCR2 to be off.

2
Since it is YCR, which turns TC on, the Tc'Tg state would be 0-0.

2

If YCR, and YCR2 are both on and Tc is off, then the trouble
must lie between YCRQ and Tb, or with Tc itself. Measurements with
a d-c voltmeter along the chain of circuits between the two should
show up any trouble which might be present.

If YCRy and YCR, are both down, but.T. is equal to 1, then
there is some difficulty within the clear forming circuit or the
clear drivers which is holding the clears down, since T, = 1

(Tg = 0) is the signal for the black gate.' The black gate cannot

turn on until the YCR2 has turned off. Here again d-c measurements
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along the chain from the output of ‘I'c and Tg to the clear drivers
should show up the trouble. Ramifications of these problems and
solutions should be apparent. The fact that the clear (or gate)

is or is not on, and the.state of the flipflops in the shift se-
quencing chassis should be sufficient knowledge to allow isolation
of the trouble to a particular chain of circuits. In the event

that Tc and Té are both on there are several things which might

cause trouble. If the red (or black) clear in RT (and/or Rg)

is down, then the above remarks apply. If, however, the clear is not
on, there is no information from the shift sequencing chassis to
indicate what the trouble may be. If the STOP flipflop in the arith-
metic stop chassis is on, then the machine has been stopped by the
shift sequencing chassis, in the clear forming circuits, or by some
of the other signals coming to the shift sequencing chassis which
enable the first clear. There are many signals which come into

this chassis and which could inhibit the first clear. The "O" and
"1" signals, for example, .come from all parts of the control. One

of them must be negative for the clear. If one is not negative, then
the trouble lies in that group of inputs. There are other enabling
signals which must also be present. They come from the delay se-
lector chassis, the arithmetic stop chassis, the arithmetic control,
and the memory control. If the shift sequencing chassis is being held
up by the absence of one of these external signals, it will be

necessary to make d-c measurements within the several control chassis
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involved until the trouble is isolated.

Synchronous Control Failure. There are other troubles

which can show up in thé control, but for those asynchronous. parts
where the first operation must be ended before another can begin,
the same sort of d-c technique Jjust described can be profitably
applied.

In the case of some of the memory control circuits which
are driven from the pulser, and hence are necessarily synchronous,
the d-c technique is not directly applicable. Generally it is
easier to use an oscilloscope to diagnose the problem. The circuits
in the pulsers, clock, dispatch counter, and memory synchronization
chassis are notable examples of this type of circuit. However, if
it develops that the circuit is completely inoperative, and the
trouble is difficult to find with an oscilloscope; a battery and
switch can sometimes be substituted for the‘pulse in question, and
the d-c technique resorted to. When the fault appears In a synchronous
part of the machine, and the oscilloscope 1s used, there are several
precautions that must be observed. If the input to the oscilloscope
represents a large capacitance in the circult, it is quite possible
that hanging the oscilloscope lead on the circuit will change the
circuit in such a way that it will fail, even though it is not nor-
mally faulty. On the other hand, the oscilioscope capacitance may
also cause a failing circuit to behave quite normally as long as it
is being observed. If the»output impedance of the circuit in question

is high, this loading problem can be helped somewhat by using a
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cathode follower to feed into the oscilloscope.

When the waveforms on the oscilloscope are observed, a
greater amount of information can be obtained if both deflection
and intensity Qodulations.are used than if only the normal de-
flection modulation is observed. For example, if it is desired to
see the .output of the adder or digit resolver during a particular
sequence of orders, then it should be possible to‘find‘an order
which is performed only once - - like a transfer of control - -
during the routine which is suspected. By synchronizing the sweep
with this signal the pulses will be caused to appear on the os-
cilloscope in the order in which they are normally created by the
routine. By causing the oscilloscope trace to bright up on a
particular order (or gate) the part of the trace which is of pri-
mary interest will stand out and that part which is of lesser in-
terest will be suppressed. The bright parts of the trace will then
represent those orders (or gates) in the proper order commencing
with the first one executed after the order on which the sweep is
initiated.

An additional oscilloscope aid in matters of this sort
would be a recognition circuit which would uniquely recognize one
and only one state of the order or regeneration counter. This
signal could be used for the scope trigger, so that the sweep would
be initiated whenever a particular count had beqn reached. This would

be of interest,for example, whenever it would be desired to observe
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the memory signals at one particular address in the memory
during a problem or read-around test. Thirty-five tubes is a fair
estimate of the requirements of such a circuit.

8.4 MALFUNCTIONS IN THE MEMORY. When it has been decided

that the program failed because of a memory error, it will generally
also be known which digit is at fault and whether the change was from
a Otoal, al toa 0, or both.

Flaws. If the memory position changed a O to a 1 at one
address only, the trouble may be a flaw on the face of the tube at
that address. This can be verified by running a flaw finding routine.
If the flaw does exist, there are generally three possible procedures.
(1) The signals should be examined for low intensity and bad focus,
and the tube readjusted to compensate for any changes in these ad-
justments. (2) If that does not work, the raster can be moved
slowly while a flaw-finding routine is running until no address in
any of the forty tubes is situated on a flaw. (3) This also may
not be possible, and the third possibility is to exchange the faulty
cathode ray tube for a spare which is believed more mearly free of

flaws.

Low Intensity. If the memory position shows more than one

address with dots where dashes had been stored, it is probable that
the intensity has drifted down to a low condition, or that the
amplifier gain has fallen off. It should be easy to tell from the

amplifier signals which case is true.
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Random Dashes and Read-around Troubles. If the contents

of one memory position has too many zeros (dashes) it is possible
that the position has made random errors of the most common type

or that the reéd-around ratio of that tube is lower than the ratio
required by the code being performed. To confirm that the position
is picking up random dashes it should only be necessary to allow
the memory to sit quietly for a few minutes with a raster of all
dots. Any errors which do occur will be perpetuated. If the
position does make errors, the most likely suspect is the chassis.
It may show a tendency to pick up extra dashes when it is tapped
slightly. Even if it does not it may still be at fault, and if no
other cause for the trouble can definitely be found, then the chassis
should be replaced with a good one. Of course, the trouble may lie
with the 3KPl. Most 3KPl's will cause changes in thelr signals when
they are tapped, even lightly, so care must be taken not to be too
hasty about blaming the cathode ray tube.

Miscellaneous Memory Malfunctions. There should be very little

trouble with anything associated with the rack position itself.

The focus and intensity controls are well insulated from ground, and
the bypass capacitors for each stage are also fairly well insuléted.
The. grid coupling capacitor may give some trouble. If a piece of
solder or wire or dirt should intermittently short one of the ca-
pacitor cases to ground, or if the high voltage wire should develop

small arcs, the symptoms will appear as dashes in identical addresses
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on many of the tubes. If the output of any one of the amplifiers
is observed while the intensity of its 3KP1l is turned completely
off, a signal unique to a high voltage arc will be seen. The
amplifier output will be quite large in both directions, sufficient
to saturate the amplifier. Such an arc can be found most easily
by successively dividing the high voltage circuit into halves un-
til the stage or wire at fault is isolated. When this division
process is performed, it is important that the slave tube and its
high voltage circuits not be forgotten. Occasionally a clue can be
obtained by listening carefully, since a severe arc can be heard and
some can even be seen.

If there have been failures in the same address on more than
one 3KPl, and Iif the amplifier signal associated with a high voltage
arc is not found, then the address generator, counter, pulser, or
other components associated with all forty memory positions in
parallel should be suspected.

The following outline gives a standard procedure for testing

the memory chassis.

8.5 CHASSIS TEST PROCEDURE,

I. D-C Leakage Test, Connect 4+300v from 4+300v bus to ground
with 20,000 0)/v voltmeter in series with + lead.
A. Chassis passes if: \

1. Tapping on V1%, 15, 16, 1, 2, 3, 4 causes less

than 2pa fluctuation of leakage current.

2. Total leakage current is less than 5ua and is

not due to one tube.

206



3. Tapping on ceramic feed through, mica by-
pass, and bathtube condensers causes no fluctuation of leakage
current.

B. Replace any components which do not pass above tests.

JI. Standard preventive repalirs and changes.

A. Check and resolder any suspicious grouhd connections
in amplifier section.

B. Wire V1 socket for 6AU6 (Connect pins 2 and 7).

C. 8Solder ground lug to screw head in approximate
center of logical section ahd put lock washer under nut on the screw
of this same terminal.

IITI. Insert chassis in WIIA and adjust CRT for satisfactory
static storage if possible.

A. Check for amplifier microphonics.

1. Tap chassis near plug end while observing am-
plifier output; if trace jumps 1/4 dash height, chassis is ndt ac-
ceptable. (Use judgment on severity of tapping).

2. Ground successive 6AK5 grids to isolate stage
at fault. Replace faulty 6AK5 if any of last three stages is at
fault and replace V1 with 6AU6 if first stage is at fault.

A. Check for other intermittent troubles.

1. Tap all other tubes and.circuit wiring (with
care) and watch slave tube for any suspicious intermittent pheno-
menon. Be particularly sure of last few stages of chassis (Vik,

15, 16) and first few stages of logical circuit (V5, 6, 7).
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C. Check chassis for all functions.
1. Check reversing.
2. Check one shot write in, (dots and dashes).
D. Special procedures for particular complaints.
1. Check amplifier gain if complaint is:
a. Low gain,
b. Insufficient output (Check V&),

c. Other complaints which might indicate
low gain,

d. Also check gain if intensity must be
set too high to allow reversing in order
to store statically. Gain of over 40,000
should be maintained when measured with a
1.3 us pulse of 25 x 2.87 x 1077 v. '
(Dash test pulse sent through attenuator)
Output should be greater than 28y peak.

2. Check logical circuits if complaint is:
a. Won't write dots (dashes),
b. Beam on all the time,
c. Won't store dots (dashes).

3. Test storage and signals from amplifier with
5% transient drop and 5% ripple on each of
the four DC supplies.

E. Static storage test. Run chassis in WIIA on static

storage of a pattern for as long as practical or until obvious failure.
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CHAPTER 9
POWER CIRCUITS

9.1 GENERAL DISTRIBUTION. The ORDVAC requires primary

power to operate its filaments and the power supplies which
supply the direct current voltages. This primary power (60

cycles per second) is distributed as follows:

POTENTTAL CURRENT

USE (VoLTS) (AMPERES)
-300v, +100v, +150v, +300v power supplies 208, 220 50
or 230
three phase
+680v power supply 115 10

single phase

-2000v power supply 115 15
single phase

Memory filament circuit (through a 115 22
regulating transformer) ‘ single phase
Register side filament circuits 115 4o

single phase

Adder side filament circuits 115 4o
single phase ’

Input-Output equipment 115 10
single phase

9.2 MAIN DIRECT CURRENT SUPPLIES. The power supplies

supplying -300v, +100v, +150v and +300v have the type numbers

615D, 615B, 615B and 615A respectively. They were manufactured
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-by the Power Equipment Company, 55 Antoinette Street, Detroit 2,

Michigan. These power supplies have current ratings as follows:

-300 volts, 25 amperes (but 20 amperes for pulse and.
ripple specifications which follow)

+100 volts, 25 amperes
+15O volts, 25 amperes

+300 volts, 15 ameres

The +100 volt and +150 volt power supplies are identical
and interchangeable if several taps are changed. The voltage
standards for all power supplies are VR type gas tubes. The power
supplies are designed for continuous operation with an external
ambient temperature of 100° F.

The output electrolytic capacitbrs (about .05 farads for
the 100-150 volt supplies and about .02 farads for the 300 volt
supplies) together with the regulating circuit provided were de-
signed to meet the following regulation specification:

The DC output voltage will be held constant within 4 2%
omr an instantaneous basis as observed on an oscilloscope due to
any combination or all of the following:

(a) Line voltage change of ¢ 10% from nominal tap
setting,

(b) EKeyed load changes fromAzer; to full load
which take place at in any length of time not less than one.

microsecond.
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(c) Ripple because of inadequate "filtering".
Drawings for these power supplies (as well as spare

parts) are furnished but not in this manual.

9.3 SMALL POWER SUPPLIES. Two small power supplies

are used: a -2000 volt supply for the memory which has a load

of about .075 ampere and a +680 volt supply for the digit re-
solver which has a load of about .4 ampere. These power supplies
are described in drawings M169 and M126 respectively.

9.4 D.C. TURN-ON. In order to turn on the d.c. for

the machine it is neceésary that filament power be on. In order
for the d.c. to stay on after the push button is released 1t is
necessary that all the d.c. voltages be on (i.e. no fuses-blown),
and that no filament voltages be dff. The interlocking relay
and tube circuit to check that these conditions have been met

is shown in drawing M-129. Drawing 8-297 shows the wiring of
the "three step” d.c. turn on. The d.c. is turned on in this
way to limit the surge currents which charge the condensers and
thus reduce the interference to the d.c. power lines in case

they are used for other purposes.

9.5 FILAMENT CIRCUITB. The filament circuits are

shown on drawing M-190. "Booster" transformers are used in some
cases to enable the operator to adjust the filament voltage

of circuits carrying large amounts of power with a small five
ampere Variac. The filament transformers are located in the
base of the machine and are on either the "register side" or

the "adder side”. The loads associated with each of these

circuits are given in Table 9.1.
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I Register Side

A. Ground Peg

1. Registers
2. Green Gates:
3 Order Gates

4. End. Conn.

5. Comp. Gates

6. Gate Drivers

T.  Comp. Gate Drivers
8. Driver II

9. Address Gen.

Total

B. 465V Peg

1. Comp. Gate Driver

C. +100V Peg

1. Driver IIT

2. Clear Drivers

3. Clear Driver II

4. Address Gen.
Total

D. -2000V Peg

1. C.R.T. and diodes

II. Adder Side

A. Ground Peg

. Delay Selector
Multiplier "A"

1. Memory Control
2. Dispatch Counter
3. Pulser C.F.

4., Adder

5. Carry Delay

6

7.

8

=W
HHOMNOHU
DOOFFFON &
[}

n n

429.3 Amps

5.4 Amps

=\
© OVO
=N Fo

87.8 Amps

36.9 Amp

nNw £

.

w FW FO OV
0~ OO & oowurm

'

Table 9.1

TRANSFORMERS BOOSTERS FUSE

43 3 30
1 Variac 3
9 1 10
L Sola 20

6.3 Volt Filament Loads
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Continued TRANSFORMERS BOOSTERS

8. Multiplier "B" 8.0
9. Shift Counter 21.6
10. Counter Output 1.8
11. Arithmetic Control 28.4
12. Decoding Chassis 26.9
13. In/out S. and S. 1.7
14. TPR Output 0.6
15. Memory Sync. .1
16. Register Selection 8.25
Total 265.35 26 2
B. +50V Peg
1. Memory Chassis 202 Amp
2. Pulser 20 Amp
Total 222 Amp 22# Sola
C. +100V Peg
1. Multiplier "A" 2.7 Amp
2. Multiplier "B" 3.6
3. Dispatch Counter 4.5
k. Slave C.F. 6
5. Register Selection 1.8
6. Memory Control 3.6
Total 22.2 2 Variac
D. +150V Peg
1. Adder 63.6 Amp
2. Digit Resolver 36
3. Pulser 3.9
Total 103.5 Amp 12 1
E. 4240V Peg
1. 6AST C.F. 30 Amp 3 Variac

: Five of these 22 transformers are on the "adder side".

Table 9.1 Continued
6.3 Volt Filament lLoads
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Continued TRANSFORMERS BOOSTERS FUSE

F. -100V Peg

1. Digit Resolver 36 Amp
2. Address Gen. 45 Amp
Total 36.45 Amp 4 Variac 5

. Table 9.1 Continued
6.3 Volt Filament Loads
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CHAPTER 10

TEST ROUTINES

A number of routines have been found to be particularly
useful in testing ORDVAC. These routines are of several different
kinds, designed to test for read-around ratio, memory flaws, adder
and digit resolver failures, and as overall tests of the machine's
operating condition. They are described in the following sections
of this chapter.

10.1 THE READ-AROUND ROUTINE , This test determines the

read-around ratio at each of the 1024 memory locations and prints
out which points have a read-around ratio less than a specified
number. The read-around ratio at a point is defined as the number
of times reference may be made to the point without affecting
neighboring points. It has been found that in the ORDVAC the greatest
difficulty is encountered when the point being referred to is a dash
and the neighboring points are dots.

The arrangement of memory locations in the ORDVAC memory
is such that the points form hexagons; thus except along the edges
each point is surrounded by 6 other points. The read-around test
takes each point in turn, surrounds it with dots and then writes
a dash n times in succession into the middle point. The surrounding
points are then tested and if any have turned td aashes a number

is printed out. The 10 digits of a printed number define the follow-

ing quantities:
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Stop

‘/

First half tested

\

Memory fully tested

number.

Input read around test|
Print it.

Start at first spot.

Flip routine into
other half of

912

Half memory not
fully tested

Al

at 1 per cycle.

Surround spot by ones.
Send zeros to spot at

8 per cycle and then

memory . l
Start
Arrange to
test the next
spot.
Half memory

fully tested

/

End of test

Test surrounding
spots.

Resume test

I Failure

Print

Form the print base

number, that is, the
direction and address.

|

End

Test in turn the
digits of the

number that failt

ed.

Faillure

4

READ AROUND BLOCK DIAGRAM

Put tube num-
ber in print
number. Print
every 3 times.

Resume test




READ AROUND TEST

MEMORY

Following words to 2F, etc.

TAPE ADDRESS DESCRIPTION Page 1
80028 o
40001
80028 1
Looo2
24000 o
00000
80028 1
40003
28000
L5005 3
80028 1
Loook
L4001 3
KO000
) +—— Special Bootstrap
80028 1
40005
00000
00001 >
80028 1
40002
22003 o
10005
28000 3 1
15005
14001 3
KO000
00000 5
00002 ]
80000
00000
, —— Directive to 2F
80028 1
Loo2F
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READ- AROUND TEST

MEMORY _

TAPE ATDRESS DESCRIPTION Page 2
00200
00200 2F
00000
00000 30
003LL
OO?;LL 32 Address of x, point being tested
00001
00001 34 Unit
00020
00000 36
00000
00001 38
00000
00008 3K
00000 Units for tube count
00028 3N
10000
00000 3F
80000
00000

¢—— Directive to 5
80028 1
40005
00000 5
00001
80000
00000

¢—— Directive to 60
80028 1
40060 ] .
80028 ]

60

40030 A

¢—— Read n from tape and print.
F0830
80828 61
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READ AROUND TEST

MEMORY -
TAPE ADDRESS DESCRIPTION Page 3
24064 62 —_—
00000
¢— Read Around Protection
00000
00000 63 ]
L5032
42081 6k
460Ks 65
L20KS ¢— Set address x in orders
L50KS
LOOKK 66
LOOKN
4OOKT 7 | |
L5032 68 |
Lh‘03h' P — xl =x+ 1
460K1 69 =
L5032
| N— =x -1
LOO3k - =%
L6oK: 6 ]
oooor | 68
— Tegt if odd or even row
28075 ]
00000
00000 6J , Read around protect:lon
L5032
LO036 6F X2 = X - 32
460K2
LOO34 6L
460K3 _ -
L5032 7 x3 - - 0dd Row
14036 _ .
LEOKS 71 x, = x + 32
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READ  AROUND TEST

MEMORY
TAPE ADDRESS DESCRIPTION Page b
LOO3Y4 T2 -
460K5 Xg =X 3
11038
oLOK1 13
88888 s Read around protection
15032 ]
10036 75
X =x - 32
460K3 o |
1403k 7 =
[ e x2 = X - 31
LEOK2
L4036 Moo
L4036 . =
LEOK6 & ¥ =X+ 3
—
LOO3% 9
KOOT2 T x5 =X + 32
88888 TK Read around protection
L5069
KOOS5 s
80000
00000 ™
g : ¢—— Directive to K1
8002
Loox1 7J
10000
10001 Kl
40000 -
10001 ¢— Set ones in x,,
10000
10001 K3 i=1, 2,... 6
40000
10001 K
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READ AROUND TEST

MEMORY
DESCRIPTION Page 5

TAPE ADDRESS &

40000 K5

10001 Set ones in X5

40000

L5030 X6 i=1, 2, 6

40020 .

ol OKF K7 — Set n in 20

00000

00000 X8

00000 ¢—— Read around protection

40020 K9 —

41000

41000 KK

41000 KS Send O's

41000

00000 ) O's to x 8 to x

times in sequence

00000 KN d 8 at a

00000 cycle

00000 KJ

iggg% KF —— Reduce n by 8

220K9

24os2 KL —— Test n

88888 S0 ~——— Read arcund protection

tgggg S1 Send O's
to x

L5020 s2 | —— Reduce n by 1

L0038 1l at a

gﬁg% S3 — Test when O cycle

00000 ]

00000 sk ——— Read around protection
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READ AROUND TEST

MEMORY

TAPE ADDRESS DESCRIPTION Page 6
L412K

146086 S5

L5000

46087 86

FO8

Lsogg sT' Test X, to determine fallures
328N

28089 S8

L5086

10129 59

280FK

240S5 SK

ggggg ss Read around protection
35887 SN

koo22 Plant failed number in 22,
L5086 87

Loi2s —— Calculate direction of fallure,
OOO0ON SF put print base number in 26
. L4032

1001k

24130 SL

80000

00000 $+—— Directive to 130

80028

40130 1

00008 : .

40026 130

40028

41020 131

KO0137

00000 132
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READ AROUND TEST

MEMORY

TAPE ADDRESS DESCRIPTION Page T
00000
00000 133 Read around protection
Loo22 ]
L0022 134
L5020
135

14038

¢+—Calculate tube number
40020
LOO3K 136
2813K
L5022 137
KOOFO '
K093k 138 —
00000
00000 139 Read around protection
15028
LOO3F 13K Test if print number is full. If

it is, print; if it is not, shift
280F0 1ag left 8 places.
00008 3
LOO3F
28089 13N
F0836

13J

00027

¢—-Print
80828 ]
24089 13F |
80000
00000

¢—Directive to FO
80028 1
LooFo
FO000
hoozz | T°
15028
k020 F1
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READ AROUND TEST

MEMORY
TAPE ADDRESS DESCRIPTION Page 8
LOO3F ) ]
280F6 ¥e
If there are 3 values, print;
LLORF ¢— otherwise shift 8 places with
00838 F3 new tube number on the end.
40028
24135 Fl
0000
80080 F5 Read around protection
F0836
00027 F6
80828
L5026 F7 Print
40028
24135 F8
00000 ]
00000 F9 Read around protection
L5034
FK
L4032
¢—— Increase x modulo 102k
42032
46032 FS
—
41020
15032 N
00001 a
46020 FJ ¢——Test to see of x = 0 modulo 512
L1020
812N FF
2406k ‘ps
00000 FL Positive test fo? next x value
00000 .
00000 L0 Read around protection
L5000
40200 L1
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READ AROUND TEST

MEMORY

TAPE ADDRESS DESCRIPTION Page 9
1L4O2F
46200 La
40020 ]
42200 L3
L50L1
LhO3k Lk
460L1 L5 ¢—— Shift numbers with variable addresses
4o0L1
ko012
420L3 L6
L.OOL9
280LS L7
280LS
00000 18
1.5000
40200 Lo Constant
88888 LK Read around protection
L502F

18
LozoF

Shift fixed number to
L5030 IN —
40230 other half of memory.
L5034
140234 LJ
24120
00000 LF
80000
00000
Directive to 120

80028 1
40120
L5036
40236 120
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READ AROUND TEST

MEMORY

TAPE ATDRESS DESCRIPTION Page 10

15038

40238 121

L503K

uoegx 122
Shift fixed numbers to

ﬁgggg 123 other half of memory-.

L503F

L5032

40232 125

10038

28264 126

30260

00004 127

00000 108

00000 Read around protection

L50K6

46087 129

L50K7

46087 12K

L509L

46087 125

L5123

2hoLs 12N

L5000

40200 12J

80000

00000 )
Directive to O.

24 OFK

00000
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The first digit indicates at which of the 6 surrounding
points of the hexagon the failure occurred. The next three digits
give in sexadecimal notat?on the addresses of the point being
bombarded when the failur; occurred, and the following pairs of
digits give in sexadecimal notation the numbers of the memory
tubes upon which the failure occurred.

In order to test the entire memory, the routine flips
itself alternately between the upper and lower halves of the memory.
The routine is so designed that it will work with a read-around
ratio as low as 2.

The number n is specified by a word on the input tape. The
routine reads the tape and prints the number n as a 10 digit sexa-
decimal number. When the entire memory has been tested the routine
will stop, and on being restarted, it will repeat the previous per-
formance with the new value of n. It is recommended that the values
of any given n be repeated due to the random fluctuations in the

read-around ratio.

10.2 STRIPES FLAW TEST. This routine writes dashes on a

field of dots, leaves them for about half a second and then tests to
verify that the dashes have remained unaltered. When no flaws are
found the monitor tube exhibits rows of stripes. When a flaw is found,
the machine stops and the right hand address of R3 gives the address
of the flaw. The R2 register contains the word which should have

been written at this address while Ry contains the contents of

R2 minus the word which was found at that address, i.e. if
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gce

Input routine: place code
into addresses 312 through 3LL
Start _ R
and check these addresses for WO = FLLLTLLSLL Wi to 8
flaws during input.
A
W = 2W to 3LL
i+l i
Stop because of flaw. Waste time
Right hand address of Rq i
is address of flaw.
N(RE) is word which should
have been written. U - 3L1
N(R.) = N(R_) - N(flaw). = y
1 2
A
Increase Make
N(U) vy 1 N{U) =0
N(8) = W; = Cyclic Constant - + N?Sl(;r}e;si
- Y
N(U) = written word -
) N(s) - N(U) 5 - 3L1
Make - +
N(S) =0

BLOCK DIAGRAM OF STRIPES FLAW TEST




STRIPES FLAW TEST

MEMORY

TAPE ADDRESS DESCRIPTION Page 1
80028 o 7]
L0001 .
80028
40002 1
19026
24000 2

¢—— Bootstrap input
80028
40000 1
14001
%0001 0
80028
403LL 1

-
L1310
4131k 0 i
41316
41318 0

¢—— Write dashes and stop.
4131K
Y13IN 0
413LF o
30001
15200 o
L0312 _
L5200 0 7
LOo3Lh
15200 o
40316
¢—— Restore dots.

15200
40318 0
15200
403LK 0
1.5200
4O3LN 0
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STRIPES FLAW TEST

MEMORY

' 2
TAPE ADDRESS DESCRIPTION Page
15200 +
LO3LF 0 B Restore dots.
-

41313 0
41315
413L7 o
41319 Write dashes in the other
41318 o positions and stop.
413LT
413LL 0
30001 _
1h001 0
40001
80028 , ,
403L1 1 Bootstrap constant
358L3
Lo3L1 312
KOSLh 313 Move cyclic number one place
Lo3LL left and store.
0003L
0003L 304 Waste time.
FOSLL

L -
L53LS 3L5
LO3LF 316 Replace cyclic number in R,.
223LT ¢—— Increase address in 3LS by 1
L4318 or make it O.

L
42318 3L7 _ ‘
L53LJ 7] '
LO3I2 318
2831K Increase address in 3LJ by 1

L +—
L4318 319 or make it O.
ho3Ly 31K = Control to right side of 3LS.
KO3LS
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STRIPES FLAW TEST

MEMORY

TAPE ADDRESS .DESCRIPTION Page 3

L1000 ) Compare written word with cyclic
word and continue or stop.

34SLS

283LJ el

Sgggg 3LJ Store cyclic word at S.

%ggg 3LF Comparison constant

LI.SL'IY. 3LL Cyclic constant

FOSLL Transfer control with R_ containing

243LT 0 2
the sequence 12 1's, 0; 12 1's;
12 1's, O.
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there are m ones in the Rl register then the flaw was in tube
m-1.

To check the storage locations wherein the test is being
placed, alternate O's and 1's are written there during input.
The machine will stop twice while a visual check is being made

of the 40 monitor tubes.

10.3 THE DYNAMIC ADDER - DIGIT RESOLVER TEST. The dy-

namic adder - digit resolver routine is a test routine for detect-
ing transient malfunctions in the adder and digit resolver. The
routine is diagnostic to the extent that printed results indicate
that digit of the forty digits in which the malfunction occurs.
Four tests are executed in sequence, each test consisting of six

additions. The tests are as follows:

ROW A B Y D
+555 Test +KKK Test  -KKK Test -555 Test
LLLIL LLLLL LLLLL LLLLL
(1) +55556 +KKKKS -KKKKK -55555
55555 KKKKK 55555 KKKKK
(2) 400001 +00001 -LLLLL -LLLLL
55556 KKKKS 55556 KKKKS
(3) +LLLLL +LLLLL -00001 -00001
- 55555 KKKKK 55555 KKKKK
() +55555 +KKKKS —KKKKS 220220
KKKKK 55555 KKKKK 55555
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(5) +55 +KKKKK: -KKKKS -55556

(x) LLLLL LLLLL LLLLL LLLLL
(6) +00001 400001 -LLLLL -LLLLL
(Y) 00000 00000 00000 00000

Tests A and C and tests B and D produce identical input signals

to the adder and digit resolver; the test pairs differ in the set-
ting of the complement gate. If a test is executed correctly, the
quantity in row (X) will be negative and the quantity in row (Y)
will be positive; otherwise a mark indicative of failure is stored
in the memory. If, after one set of four tests, any failure has
been indicated the quantities of row (X) are printed. Counting
routines are provided with the result that a conditional stop is
encountered after either (a) 8000 sets of tests have been ex-
ecuted (1 minute, 30 seconds), (b) 9 sets of printings of four
words each have occurred. The counting routines do not use the

adder or digit resolver circuits.

Input Information. The tape supplied incorporates a boot-

strap routine starting at address 0. The routine may also be put
into the machine with order pairs by the following procedure:

(a) The twelfth tape word (the second 00000 00000) is inserted at‘
successive addresses 41 through 5N. (b) The next tape word |
(7LLLL 1L0O80) is a key word and need not be read in. (c) The
following tape word (F92LL 10027) is inserted at address 80 and

the remaining words on the tape, with the exception of the last

233



#te

INPUT ROUTIRE 2-;91:0 20K TEST A
Place the code into 27°7 to 20N > _—_ﬂ LLLLL
addresses 40 thru 5N > 5~39 o 20F 0 to 208 +55556

T 80 -- sh K7 -~ X7' 55556
+LLLLL

Start d o K7 +§gggg

8l * KKKKK

TEST B b S =28 ] +55555

LLLLL 1 - | x + ooo01 ]"" * = LLLLL

+KKKKS o 2" t0-208 |e x X to 200
KKKKK +
+ 1 85¢ 5 - 63
KKKKS
LLLIL
+ 8N - 8L' 90
KKKKK |
+KKKKS 86 -~ 89 TEST C ' x
55555 LIILI ,
+KKKKK _XKRKK
x = LLLLL 55555 07,91
-LLLLL ,
x to 202 5555 x - LLLLL
- 1 —F
55555
88' ~-KKKKB

y + KKKKK y A

x -] 1 2™} to 208 KRS 2™t o 208

e X + 00001 , _l x = LLLIL

T : L.
8K' -- 88
x to 204 !
FLOW DIAGRAM OF ADDER-DIGIT RESOLVER TEST.

Pages 1 of 2 pages




Gee

TEST D
LLLLT, 96 97
-22222 + -1
KKKKK x ; 2 to 208
-LLLIL -
KKKKS - x - LLLLL N
- 1 + -
KKKKK 96' -- 97
-55555 9s' --' 9N 98 -- 99" 1 52 -- 55'
55555 -39 .
- 2 ““to 20F N(20F) 2
x = 22226‘ © to 20F
T - +
x to 206 - ﬁ
N(20N)°2 A
t ON
9% -- 95 02 //
. 1
9L' -- KO Kb | / N9208) "2
_39 / This is accomplished by
7" 92 2 39 to 20N P \ / placing N(208) into R, and
giving one NO8 order, follow-
N ed by 38 left shifts, which
KO -- K3, 5K --5K' ' This 1s accomplished | are then followed by one
- | by placing N(p) into | more KO8 order.
N(20K) 2 €—-—-- R, and giving forty
to 20K , | KO8 orders. : — "
- [-F : ' l 98 - 9J
\ <
N(200); N(202);
St Kb \ ’. ’
°P 4 N |mtoon); N(206).
¥ N 1
SO
S0 Sto ;
g d I P IF___ =1 N(210)°2 KN -- KL,
. 4] to 210 5N -- 5N'
FLOW DIAGRAM OF ADDER-DIGIT RESOLVER TEST K7 | X

Page 2 of 2 pages




ADDER DIGIT RESOLVER TEST

MEMORY

ESCRIPTIO P 1
TAPE ADDRESS DES N age
80028 0
40001 This program has an input routine
80028 whizh is different from the bootstrap
40002 1l routine which is usually used.
L5001 o
30800
80028 ¢—— Input routine
40000 1 P
42001 0
80028
00000 —— Immaterial
00000
igggg 1 Beyond here the input routine
—— must have orders which are
14005 ; negative numbers.
28000
L0005 M
KO0001
80000 5
01000
z%g&g — Key word
00000
00000 o ||
LLLLL
LLLLL 41
00000
00001 Lo Constants .
LLLLL
LLLLL 43
55555 LY
55555
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ADDER DIGIT RESOLVER TEST

TAPE r‘g%g%s DESCRIPTION Page 2
oL | b

e | M

i 48

paax | ¥

LLLLHLLLL 4K

I??Illgfsm hs ¢+— Constants

imuﬁ' kN

wn |,

i LF

T 4L

umr | %

w |

%2 | e |

K089K Shifting routine for least
28054 53 significant digit count
oo | 55 | _|
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ADDER DIGIT RESOLVER TEST

MEMORY

DESCRIPTION Page 3

TAPE ADDRESS
LLLLIL
LILLLL 56
K0858
K0858 o7 Shifting routine for
second digit count

KO89F 3
28057 >
LLLLL
LLLLL 29
KO8K2 5K Shifting routine for most
2805K significant digit count
LLLLL
LLLLL 55
gggg SN —— Shifting routine for print count
% 5J — Key word for input routine
F92LL
10027 80
LhOk6
Lhok2 81
L4OLL

82
Lokl

$— + 555 test
Lhokk 83
40200
22085
Lhoka 8l
28086 8
5
L9208
=+ KKK test

F92LL 86
10027
Lhoks
Tholi2 & | |
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ADDER DIGIT RESOLVER TEST

MEMORY

TAPE LDRESS DESCRIPTION - Page b
Lok o
4L,
LLoks 88
A ITe) To)
89
ko202 ¢+——— + KKK test
22088
Thoo 8K
2808N
19208 8s
F92LL ]
10027 8§
L0049
.0OLL 87
LoOk2
8F
Looks b - KKK test
LOOLS
1020k 8L
25091
LOOKL, 20
28092
49028 o1
F92LL
10027 %2
L.OO4L
LOOLL 23
$—— - 555 test
LOOk42
LOOkk ok
20097
LOOLL 96
28098
49208 97
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ADDER DIGIT RESOLVER TEST

MEMORY

P
TAPE ADDRESS DESCRIPTION age 5
19026 ]
FOKOF 98
2hos52 99 ¢—— Least significant digit count
30099
K089s .
LO20F oK
280Kk ]
19026 98
Lo20F
N
FOKON J +__ Reset least significant digit counter
and count in second digit
2Lko57 9J
3009J
KO89L
Lo20N oF ]
280Kk ]
19026 L
4 020N
FOKOK KO
) Reset second digit counter and
N count in most significant digit
2405K K
300K1
KO8K3
Lo20K k2 _
ggggg K3 ——— ©Stop after 1 minute 30 seconds.
If any failures have occurred,
FOKO8 " 2(’)111 =1, 2% =1, e‘J'Rl =1,
KOBK5 2R = 1.
00026 .
KOBKG =
280K7
2L0K8 K6
41208 K7 Repeat test if no failures
2k080
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ADDER DIGIT RESOLVER TEST

MEMORY

TAPE ADDRESS DESCRIPTION Page 6
FOKOO ]
80828 K8
FOKO2
80828 K9
) Print results of 4 tests if error
g’gggg KK has occurred on 1 or more
FOKO6
. KS
80828
 —\
19026
0K10 KN
gggg KJ — Count in print counter
KOBKL
40210 KF
280K7 KL
30050 Stops after 9 sets of prints
19004 ]
4020K 80
19026
4O20N S1 —— Set test counter
19026
4O20F 52
19008
40210 53
240K7
00000 sl
TLLLL Key word for input routine
LL.OOO
2L0so Transfers control from input
00000 00 routine to main routine

2h1




two, are inserted in successive addresses. The third from last
word should be inserted in address 54. The last two tape words
are associated with the bootstrap input routine. (d) To begin
the routine, transfer control to address 0SO0.

10.4 THE IEAPFROG TEST. This test was designed to verify

that all parts of the ORDVAC are working correctly under dynamic
working conditions. The routine consists essentially of three
tests, a multiplication test, a division test, and a summation
test. The routine displaces itself in the memory by copying it-
self and transferring control to the new copy. While this is being
done the sum of routine is formed and this should be a zero. When
the machine is working properly zero will be printed every ten
minutes, apart from the first number printed.

Multiplication Test. This is performed using an exact

arithmetic identity.

If we multiply a x b and a x (-b) and add together the
most significant and least significant halves of the double length
products the results should be -1, any single error invalidating this
result. The two multiplications that are necessary are done by dif-
ferent variants of the multiplication order, in one case the rounded
multiplication order being used while in the other case the held
multiplication order is used. The intermediate results of this
test are used to generate the sequence of random numbers a and b,
used in the multiplication and division tests.

Failure of the multiplication test is recognized by the
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X

|

Multiplication
Test on a, b.

{ Fallure

To X2 in New Copy of

Routine when Complete.
Otherwise to X;.

vPrint

Print Sum
on 1024th Jump

Success

Interchange a, b

if necessary for
division

!

Division Test

Failure

Success

0 0

Test to See
if Sum is Zero

1

Replace a and b by New
"Random Numbers"

Formed during Multipli-
cation Test

i

Add Invariant
to sum

t

Place Word or Adjusted
Word in New Position-

¥

0
Test 9th digit
of Word to be
Copied 1

LEAPFROG BLOCK DIAGRAM

Ad just Addresses,
Form Invarient




LEAPFROG ROUTINE

MEMORY
TAPE ADDRESS DESCRIPTION Page 1
;3'17):2 3K0 This routine should be preceded
by a bootstrap start.
34IN2
ko701 381
L1i7h1
40702 32
?3{33 383 $———— Multiplication test
74740
3LIN5 3Nk
L4701
4oTho 385
I
Egggﬁ 386 R, should be -1
L7740 ST T
L2741
Test whether to Interchange a, b.
28733
L5740 388
66741
40743 3N9 Residue
2317.1123 3NK Test if quotient is + or - .
¢—————— Division Test

L5741
KOTNN 388
ﬁ;ﬁé 3NN Remsinder
Th7h1 T
LOTh0 38J

¢——Form test number
ho7hk
L3T4k 3KF
gg?}g 3NL Ir Rl positive do not print

?

ohhy




LEAPFROG ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 2
LOTHS5 o
FOL45 340
gggg? 3J1 < Print test number when
not correct

?g;gg 3J2 —— Return to repeat test

—
L5740 T
FOL41 393
hoT41
35175 334 ¢—————— Interchange divisor and dividend
ho1ho
2UWTNT 395 ]
L5TNO
Lo7h6 376
tg;ig 3J7 —— Waste Order

¢————— Examine 9th digit of word
00008 378
'FO000
.227Jd —
LOTFF
LoTh6 39K
l{ggﬁ 3J8 & Tncrease address of word
: 1f necessary

LO74S
L6ThT 398
horh7 =
L5746 Ed
hoThg 3JF ¢———————Transfer modified word
Lo781
L5TAT o
Lh7ThE 3JL b Sum check
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LEAPFROG ROUTINE

Y .

TAPE AM}%%SS DESCRIPTION Page 3
igg(l)i 3F0 Form sum check mod 1 - 2-39

1 using right shift order to test

hift counter.
34LF2 5
LO7hK 3F1
L5701
4OTh1 3F2
7 La———-Plant new random numbers
L5702
40740 3F3
L5TFJ
Lh7L8 3Fk4
ho7hs
46748 3F5 ¢—— Adjust transfer addresses
L6736
427IF 3F6
24 7RO
Lo7hs 3¥FT
L57F3 ] Test if origin is reached
LOTF2 3F8
287Fs —
FOL89 3F9 j
Is so, print old sum

80828 . :
00001 3FK
417K Clear new sum
13789 | 3 |

$— Test last sum
22TFh 3FN
307J0 ———— Resume test if positive
J0001 3FJ Unit address increment
00001
0003L
0003L 3FF Address increment
00003 Wast a
00003 3FL aste order
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LEAPFROG ROUTINE

MEMORY
TAPE ADDRESS DESCRIPTION Page e
ggggg 3LO Starting constant
40000 :
00000 3Ll
12345
6789K 3L2
¢—— Two primary "random" numbers
LFJRS
L5312 .
40340 314
L53L3
40341 315
iggﬁg 316 T———-Wasteful starting procedures
h17hs
LTS
xorer | ° |
00000 .
00000 319
55381
2613F 3LK
03000
00000 318
¢——Waste
00000
00000 3N
00000
00000 3LJ
00000
00000 3LF
This will overwrite first word
L57TLO 3IL of 0ld copy when transfer is finished
2WTLT and transfer control to new sum.
2h
ooggi 00 Overwrite bootstrap and start.

2k7




machine's printing a positive number, and stopping.

Division Test. The division is checked by a multiplication

and the final result should be the dividend exactly. .The formula
used is:

Dividend = quotient x divisor + remainder
To use this formula it is necessary to ensure (by interchanging if
necessary) that the divisor is greater than the dividend. It is also
necessary to compute the remainder from the residue left in the Rl
register at the end of a division.

Failure of the division test is recognized by the machine's
printing a negatiie number and stopping.

Failure of the sum test 1s recognized by the machine's
stopping before printing a negative number.

If the multiplication test fails, the orders should be
obeyed one by one until an FON order appears as the left hand order
in R3. The succeeding orders can be obeyed one at a time, the store
orders (40) being replaced by hold subtract (LO) with the same
address. This will determine which part of the multiplication test
fails, if the second run is correct.

If the division test failed, then the orders of this should
be repeated one by one in a similar fashion.

10.5 THE CRIPPLED LEAPFROG TEST ROUTINE. The crippled

leapfrog test routine consists essentially of the multiplication test,

division test and random number generations routine of the leapfrog
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CRIPPLED LEAPFROG ROUTINE

MEMORY
TAPE ADTRESS DESCRIPTION Page 1
80028 0
40001
80028 1
40002 : ‘
19026 o
24000 ¢— Bootstrap input
80028 1
40000
14001 o
L2001
80028 1
4o3N3
40000 3Nk —_— 1)
00000
F0SJJ
Lopo2 NE
LSNT7 3 -
3 $— Pirst half of multiplication test
Lozok
L13JL 3N7
40200 —
L53Nh4 388 ]
FOKOO
T433J 389
40206 3NK $— Second half of multiplication test
34SNS
40208
420k 3N8
L020K 3NN
LT720K ] To mult. print routine -1 in
Rl if correct
283F0 3N
L7335 }—Check relative absolute values of a, b.
;’ggg; 3NF To interchange of a, b. -

2l9




CRIPPLED IEAPFROG ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 2
L53Jd B

663JL 3NL

LOo20N 330 Divide and store
358J1 residue and quotient
hoo12 —

28333 3J1 ]

L53JL

KO3J3 3J2

L13JL 373 $—— Form remainder

L420N

Loo1k — Remainder

7T43JL 3%

L0210

L03JJ 395 a/b x b

LOo20F

L320F 376

328J8

ko216 3J7

23313 38 ——— Store new a, b

243FN To divide print routine
L53JJ ]

FOSJL 3J9

ggggg 3JK $—— Interchange a, b
1&03JJ

2l 3NL 3J8

LLLLL 3JN Read around isolation
LLLIL

12345 a '
6789K 399

LILLIL 3JF Read around isolation
LLLLL

LFJNS b

K2584 3JL
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CRIPPLED LEAPFROG ROUTINE

TAFPE ADDgggS DESCRIPTION Page 3
FOSJJ 3FO ]
80828
FOKO2 F1 —a.. x b, rounded, first half
80828 | ° ’ ’
FOKOA4 3F2 —First half + second half
80828
FOSKA4
80828 3F3 |
Print results of
FOSJL ) 1 multiplication test
80828 3F
FOK06 —-b x a, holding, first half
80828 3F5 ’
FOKO08 FE —PFirst half + second half
80828 3
FOKOK —-1 if correct
80828 3F7
L53NF
FOSFS 3¥8 i
Interchange conditional and
4o3rs 3F9 $—— unconditional transfers to
358FK multiplication print routine
LO3NT
L3NS 3FK
243F0 Temporary storage for transfer
00000 3FS — order to multiplication print routine
FOSJJ —-—-a dividend
80828 3N ’
ggggg 3FJ -—b, divisor
$¢———————Print results of division test
FOKON :
80828 3FF d, residue
FOKOF —e = (a +Db) xb - a (first half
FOKOF | g, (a + b) ( )
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CRIPPLED LEAPFROG ROUTINE

MEMORY . L
TAPE ADDRESS DESCRIPTION Page
' —
FOK10 —(a + b) x b, first half
80828 3L0 ’
g 3182% 3L1 — quotient
— Print results of division test
FOK14
80828 312 —— Remainder
FOK16 3L ___Negative absolute value of first
80282 3 half + second half of (a 4+ b) x b - a.
15338 ]
FOSLY 3L4
Lo3L7 Interchange conditional and
358L6 3L5 $—— unconditional transfers to
division print routine
40338 6
KO3NJ 3 _ | —To division test
24 3FN L Temporary storage for transfer
00000 3L7 order to division print routine
L5204 T
403JL 318
L
hgggg 3L9 ¢————— Store new a, b
243N5
00000 S
LLLLL ]
LLLIL 318
LLLLL
LLLLL 3N
%LLLL‘ 3LJ $—— Read around ?solation
LLLLL
LILLL 3LF
LLLLL
LLLLL 3LL
e—
ggglgg 00 Bootstrap input constant
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routine. The érippled leapfrog differs from the leapfrog in that
the orders remain in fixed locations in the memory and intermediate
results of the multiplication and division tests aré retained. For
transient errors, both aﬁ incorrect and correct copy of the test

results will usually be printed.

Printed Results. Separate routines are used for printing

results of the multiplication and division tests. In each case,
eight results of an incorrect calculation are printed, followed by
eight corresponding results of the same calculation repeated. For
transient malfunctions, the second set of results is usually correct.

Results are printed in the following order:

MULTIPLICATION TEST DIVISION TEST

1. a l. Dividend a

2. First half of product a b 2. Divisor b

3. Sum of halves of product a b 3. Residue 4

L. Stored constant 1/2 L. a/bxb-a

5. b 5. a/b x b (first half)

6. First half of product -ba 6 Quotient a/b

T. Sum of halves of product -ba 7. Remainder

8. Sum of half-product sums ab + (-ba) 8. - \first half a/b x b - a

- lsecond half a/b x bl
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10.6 THE FINAL TEST ROUTINE. This program was designed to

give an over-all test to ORDVAC and was one of the routines used
in the final acceptance tests. This program generates a set of 352
pseudo-random numbers b4 and stores them in successive memory
positions B;. It then performs multiplications and divisions of

b; by by + 12 checking multiplication results by multiplying in
both directions and checking division results by multiplying. If
all of these are correct, the numbers are transferred to 352 other
locations and the transfers are checked. If there is no failure,
the process is repeated but on the transfer the numbers are each
shifted one place thus utilizing different storage locations for
each of the numbers. After 16 of these small cycles, the machine
prints a number, counting in the sexadecimal system from a starting
value of 1O and it takes 22 print cycles to run through the 352
numbers. This is a large cycle. After 16 large cycles (about 8 1/2
hours) the machine will reach an unconditional stop and must be
started again.

Table 10.1 lists some of the operations carried ocut during

1 print cycle (about 81 seconds).

ORDER NUMEER IN ONE PRINT CYCLE
Order Pairs 239,568
Multiplications 22,528
Divisions 5,632
Additions 203,028
Single shifts 1,492,608
Printings 1

Table 10.1 Operations During One Print Cycle
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If there is a failure, the machine will stop.  Upon being

started again it will print the addresses By and B; +1 involved
in the computation and stop. Upon being started again it will
print the computation; which disagreed and stop once more. Then
upon being started it will enter a subroutine which systematically
checks the major orders of the order code and stops if failures
occur.

The program is written so that the contents ot h3 auv o
stop reveal the cause of the stop. These stops (all type 30 con-
ditional stops except the 8 1/2 hour programmed stop, which is a

20 stop) are given in Table 10.2.

CONTENTS OF R

3
3008NL5004J bj x bj + 198 by 4 X bj’ rounded
3008NL5012 by x by 4 7, rounded vs unrounded
3008NL50202 (bj +1t bj) x bj
30097TL5028 By 4 x > 102k
30099L5031 5 7 160K quring transfer
30091L504L by ¥ by 4 k- Transfer failure
2403830038 Failure of 24 order
3009SL503K ijlozu
3009JL50kK j >160 during transfer check
3009LL505% K72 NO

X

160 sexadecimal = 352 decimal

Table 10.2 Failures in Final Test
Routine
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=¥ o =a , [ .
. 1 Bo+) =By Bi+l =B, |bjxb,,, - by, x bl T

= —1b;Xybj,, —bijj+‘| + 2737 T

9©

B., 10242 {8;,  —t0za}—{B; + - ~ B,

+ ij{- bJ+,)be+, -bjl+2'31-; lbs\— lb“_l

l

+

n-Q B, ~B; _"'[bib 334_Kl

i-1 Q=0

+

J—

\ +

4

~{lbm 1= 1551]

i, + b)) »bj~bj,, | + 27

[ By + | =B

> Bj +tKk -Q =bj+5‘_

‘B..'H-K - 1024

-

(PRINT ¢ sTOP)
—-—

o g

RSl a /a0

-

+

+

—{ B~ By QN By 1024 -2 ]

@ [PRINT CONTENTS oF @
qQF & 9J & STOP.

(@——{SUBROUTINE TEST]—=

BACK TO
[ INDICATED

\ + 4+
[k—2N <272 K=N |A+| = A}~{A-A j~{STOP PROBLEM]
l...

FINAL TEST ROUTINE FLOW DiAGRAM

AUDRESS.




1

Start f— o ™ =KO » x. from tape to m
J 2'39 1
2
middle 40 digits 3 L
2 Ny Sl 5 = 2-39
D —— ofxi =xi+l J-»] p—>J
to mtl //
A
6 5
m+1l—>»m ¢———— 250 - (m + h) i+l—i
STOP

FINAL TEST ROUTINE - RANDOM NUMBERS BLOCK DIAGRAM
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FINAL TEST ROUTINE

TAPRE, Ijggggés DESCRIPTION Page 1

80028

40001 0

80028

40002 1

19026

24000 2 $— Bootstrap

80028

40000 1

L4001 o

ko001

80028

403F8 1

80028 ]

40000 3F9

19026

L43F9 3FK

403F9 3FS 46— Tnput Test Routine

LO3FJ

283FF

2Li3Fg 3FN

80028

400K 3FJ

80028 ' ]

L4OON3 3FF

19025

L43FF 3FL

4LO3FF ¢—— Input Constants
3L0

LO3I2

283LL '

2L 3FF 311

80028

L00J9 ]

19026 313 Set counter 2737

4000
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FINAL TEST ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 2
80028 3Lk Store word from tape in 1L
4o01L
FO81L
oL |3
%ggi$ 3L6 ?guare and put middle digits in
FO3LK
4001L 3L7
Loiko
L5003 318
FO3L9
40007 319 Count 1 to 39
283LS
24313 3LK
19012

LS
L4318 3 Increase storing address
40318 by

03

LO3LF LN
283F9 Test for end
24315 3LJ
L o2K0 3LF Constant for end test
L500J
KO3LL 3LL S8top before starting problem
30000
24313 o Stop inputting
00000

The words 3I4 to 3LL constitute the routine for generating the
352 random numbers. The next 10 words on the tape are numbers
used as starting values for the random numbers.
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FINAL TEST ROUTINE

MEMORY ,
TAPE ADDRESS | DESCRIPTION Page 3
L50NJ 0 K = 1FO to JS
400Js A=0 to dJ
41037 1
kioJ1 Q=0 to J1
i,gggg 5 j=1to N5
ﬁgg% 3 B, +j=BJtoJ9
46028 L Plant B, in 2S and 6
L6006 J
L4O
héog; 5 Plent By . 1 in 7
L5000 6 bj to JL
400JL
)]-':gggg 7 b J+ lto 100

0 .
?gggl. 8 bJ +1% bj to 102
o102 9
FO8JL
Zgigﬁ X bij“_l to 10k
LO | - - ,
hoigg S Test bJij+1 bj+l xbj
L3106 "
2800F =
ToFifbijj+l bj+lej
3008N I To print and stop routine
L500J (rounded mult. failure)
FO8JL F
75100 bj Xu bJ +1 to 102
ko102 L
Lo10k
The words in 8 through J test multiplication.
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FINAL. TEST ROUTINE

MEMORY
TAPE ADDRESS DESCRIPTION Page U
40106 Test - |b. X_ b. =b. xb, 3
19026 10 JTu "+ 1 J J+1
12106 .
28013 11 To 13 if b. X b ~b. x b

JTu 3+ 173 j+1

3008N 12 To print and stop routine
L5012
L70JL |b | - |b |toR i
12100 13 J J+1 1
28018 1 To 18 if ijl > |1oJ . 1| .
L50JL
Loiok b, to 104
66100 15 J
7J100 (b. + b, ) x b, to 102
LOOJL _ ' _ -38
L0106 17 (by #+ by, 1) x by 1=Dby| +2
19025
12106 18
28023 19 To 23 if 2 0
24022 To 22 if € O
L5000
L0000 1K Wasted word
L7100 |b. I.. Ib.l to R
L20JL. 18 jJ+ 1 J 1
28023 To 23 if | b > |b
L5100 N 3 |j+ll‘|:}l
40104 17 b, to 10k
660JL J+1
TJOJL b. +b.) xb, to 102
40102 ¥ (b5 41 %Py x Py
Lo1oo 1L Words 14-20 test multiplication against
40106 division.
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FINAL TEST ROUTINE

MEMORY

TAPE ATDRESS DESCRIPTION Page 5
-38

19025 0 - |(® ¢b,) xb,~b, 1}+23
12106 J+ 1079 Joa+
28023 o1 To 23 if 20
24022 To 22 if< O
3008N To print and stop routine
L5022 22 P P
L50J9

23 - Q=
L40Js BJ+K Q Bj+kto R,
LOOJ1

24
ko028 Plant By , i in 28
L.00J3 B - 1024 to R,.

To 26' when 1=.xj k" 1024

2ko2s o6 To 28 1f By 4 < 102k.
L0O0J5 (Bj k" 102k4) - 2-39
28028 27 To 28 if 2 0
2k029 To 29 1 < O
30097 o8 Stop. To 97 (word at 28 is printed)
L5028 and stop again.
L50N9
L o0T1 29 Q = 180 to J1
L50J7 '
L5000
)4.0000 28 Transfer bj to Bj + k
L50N5
LOON9 2N j-n to 106
40106
L50N5
LAON7 2F j+1—s] toN5.
400N5
2003 2L To 3
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FINAL TEST ROUTINE

, MEMORY
TAPE ADDRESS DESCRIPTION Page 6
L3106 o =13 - n| to R,

28032 3
30099 1 Stop; then to 99, print J;
L5031 3 stop again.
hioJ1 5 Q=0 to J1
L50NT 3
LOON5 j=1toN5
LAONL 33 By +J =B toR
1;503J 3y Plant BJ. in 3J
0Js
Loom BJ.+K-Q,=Bj+ktoRl.
42033 35 Plant B, , , in 37"
LgOJg 36 By - 102k in Ry
2003 To 38 if Bjé.loelt
24oK2 To K2 where right shifts are
24033 37 performed to reduce RAR
LO0J5 8 By - 1024 - 2739 4o R .
2803K 3 To 3K if2 0
24038 To 35 i£< O
3003s 39 : Wasted order.
30098 K Stop; to 95, print contents of 3J H
L503K 3 stop again.
L50N9 _
hooT 38 Q = 160 to J1
i50J7 3N By +n?Bj 4k
203J Plant By , , in 37°
L5000
10000 3J Compare by with b,
40106
13106 3F
28045 To 45 1f = | b, - b, >0
L5037 3L 2 | 3T+ E=
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FINAL TEST ROUTINE

TAPE AM]EJgggs DESCRIPTION Page 7
Lh6ok1
Looko ko
F0800 ¥1 Print by and by 4
80828 They should agree,
K0800 2 asted Order.
80828 43 Wasted Order.
oLhohh
30091 LY Stop; to 91, print addresses
L5044 B; and By , y, and stop again.
L50N5 I .
LOON9 5 (j-n) to 106
40106 L6 To 49 1f j >
28049 c¥irj2m
%ﬁgﬂ;’ b7 j+ 1—sj to N5
4O0N5 48
K0033 To 33!
12106 49 ~ |j-n toR
. l'
28048 To ks 1f 2 0.
3009J LK Stop; to subroutine when
L504K restarted.
L50J8 4g K+ 1—»K to JB.
LLONT
40038 N
L1ON9 New K - Qn to Rl.
LOON9 by To 4L if K 2 2n
L40Js To 55 if K< 2n '
280L4L LF K-2n-23 toR
2kos55 To 54 if 2 0.
LOOJ5
28054 4L
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FINAL TEST ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 8
L50N9 K =n at Js

400J8 50 ' o 0

L50 .

ot 51 A+ 1—sA todJ

kooas

LOON3 52 New A - AO

2808s To FINAL PROBLEM STOP. .
KO001 53 Start new cycle at 1'.

3009L " -—--—-— Fail stop; to 9L, print K;

L5054 > ] stop again.

L50N7 — Begin count for sub cycle (prints
24093 55 ] every 16th time) to 93.

K0056 —_

LAONT 56

4208s 57 $— Print contents of 102 and 104
FO902 and stop for examination.

80828

FO9OU 58

80828

30058 29

LLON7 Plant proper address at 8S'
42088 oK before entering subroutine.
19001 SUBROUTINE
2205N 58

ggggg 5N p— Test positive sensing of C and C'
3005F

3005F >J

F3000

28060 oF

22060 Test negative sensing of C and C'.
24061 oL l

-
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FINAL TEST ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 9
30061
30061 60
L53LL 61 ]
LO3LL
28063 6 Test +
30063 2 Fail stop  ¢— and (-)
1.00J5 orders.
2206k 63
2L065
30065 6k —— Fail stop
L13LL ]
IA3LL 65
28067 66 Te,St -
30067 ———— Fail stop | . (+)
LO0J5 d .
o068 67 orders
24069
30069 68 ————— Fail stop __J
L73LL 6 T
I23LL

Test
ggggg 6K — Fail stop est ¥

+— and -
LOOJS orders.
2206N 68
2406J
30067 6N ——— Fail stop
3

Test -
%gggg 6F — Fail stop Wh—-and +
L0035 orders.
22070 6L ]
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FINAL TEST ROUTINE

MEMORY
TAPE ALDRESS DESCRIPTION Page 10
24071
30071 70 — Fail stop
FOSLL '
L53LL &
KO0O0T72
3087k T
3007k 73 Test R
3007k and A (-).
28075 )
30075 4
LOOJ5
22076 7
24077 76
30077 Fail stop
F08J8 Print K Normally occurs every
80828 m 16th time. If a failure
causes an entry into this
19026 78 subroutine, one or more
00001 Ks will appear alike which
will indicate this fact.
00025 79
FOO00
28078
KO00T73 X Test
3007N —+ 38
19001 8 — ¥
P
1000K - ¥0 37
00008 3 1
—> 10
o | T — u
—+=> 37
o4OTL - «— 37
3007L
19025
00025 Tk
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FINAL TEST ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 11

FO000

22081 80

24082

30082 81 —_—

L50J9

12083 82

L6084

15000 83

L0000

52085 8k Test E

30086 and E'

LOO0JS 85

28087 :

24088 86

30088

30088 1

24089 ]

30088 88

K008S 89 $— Test U and U'

30088

30088

30088 8K

20000 8s STOP PROBLEM.

24000 Return to subroutine LINK

42090

15006 8§

46108 Print addresses B, and B,

15007 8 J J+ 1
¢— before printing errors in the

10014 8F

k2108 computation which used contents

F0908 of B and B + l.

80828 S ! !
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FINAL TEST ROUTINE

MEMORY

TAPE ADDRESS DESCRIPTION Page 12

30056

L5000 20

F083J 1 Print word with address B'j

80828 9

3005K and Bj +k after printing

L5044 92 contents of B gt B J 4k

L4OK1 93

Looxy C+1=-C

LOON3 9’+ c - 16

22095 to 95' if O

KO0O1 Begin new subcycle if € O

kiox1 95 0 —»C

L5094 T -

KOOSK 96 o sub-routine

F082s T

80828 o7 Print word with address B; , i
| in right half; stop, then to

3005K 98 subroutine.

15028

FOBN5 ]

80828 99 4 Print j and stop, then to subroutine

(should not exceed 160).

3005K

15031 K 1]

ggggg 98 Print word with address B, ,
+— in right half and stop; tl']xen to

3005K oN subroutine.

L503K

g%gg 9J Print j and stop (should not exceed 160)
T—— then to subroutine.

3005K

L50hK oF

FO8Js
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FINAL TEST ROUTINE

TAPE x%ggggs' DESCRIPTION Page 13
3005K KO
L5054
00000 .«
00000 ———— Temporary Storage
1003L
1003L K2
1003L K3 $— Correct for RAR
KOO37
O — =
e T
Thus the machine prints every 16th
time and runs 16 large cycles of
0000
00008 N5 about 1/2 hour per cycle.
00001
00001 N7
00160 — n = (160)
00160 N9 16
00000
00002 s
001FO0 = (1F0)
OOLFO v |— % 16
0013L ——— B, = (13L)
OO13L NL 0 16
00000 —— Oorn
00000 J1
00400 (102k4)
00400 I3 10
00000
00001 95 ,
002K0 B = (2K0)
J7 l+n 16
002KO End of tape
k————————
J9 ——— Temporary Storage
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FINAL TEST ROUTINE

MEMOGRY
ADDRESS DESCRIPTION Page 14
Js —— Temporary Storage. K increases by 1 each
time and is printed every 16th time. Start
— at 1LO.
JJ
JL ¢— Temporary Storage
100
—
]
102 #— Store two numbers to be printed out.
10k
—
106 Temporary Storage
Addresses B, and B, are
108 |— J J+ 1
planted here to be printed out.
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SUBJECT INDEX

-A-

A Flipflop, 142 '

A Order, 100, 128, 151

Accumilator, 9, 27, 54

Action, 8k

Action Cycle, T8

Action-regenerate Flipflop, 15k

Adder, 11, 59

Adder-digit Resolver Test, 232

Adder-digit Resolver Test Block Diagram, 234
Adder-digit Resolver Routine, 236

Adder Voltages, 60

Addition, 11, 125, example of, 22

Address, 26

Address Genmerator, 57, 83, 159

Address Part of Order, 98

Adjustment of Memory, 90

Amplifier, Video, 82

Analysis of Printout, 196

"And" Circuit, 3

Arithmetic, examples of, 22

Arithmetic Control, 123

Arithmetic Operations, 11

Arithmetic Order, 99

Arithmetic Register, 10, 27, 55, 56
Arithmetic Stop Chassis, 115
Arithmetic Unit, 2, 9, ﬁh, L5
Arithmetic Unit, Malfunctions in, 198
Astigmatism, 91

Asynchronism, 100

-B-

B Flipflop, 1k2

Balance of Gates, 52
Beam Positioning, 84
Binary Decimal, 7T
Binary Numbers, 5
Binary System, k4

Black Clear, 54, 56, 58
Black Gate, 53, 55
Bleeder Chain, 88
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C Flipflop, 1k2
Carry Collapse Time, 119
Carry Delay, 118
Carry Propagate Time, 119
Chassis Designations, 97
Clearing, 48

of Rl’ 123

of R3, 165

Clear DBriver, 65
Clear Driver Driver, 136
Clock, 78, 87
Code, 25
Commutator, 68
Complement Gate, 10, 64
Complement Gate Driver, 66, 137
Completion Flipflop, 180
Completion Signals, 176
Control, 3, 28, 95
Interplay, 141
Malfunctions in the, 199
Transfer of, 146, 151
Control Counter, 57, 166
Control-operate Flipflop, 143
Control-operate-run Switch, 191
Control Panel, 191
Control, Principles of Operation, 100
Control Register, 167
Control Transfer Order, 28, 100
Counter, Control, 166
Dispatch, 166
Regeneration, 166
Shift, 112
Conversion of Numbers, 9
Crippled Leapfrog Test, 248
Crippled Leapfrog Routine, 249

D.C. Turn-on, 211
Decoding Chassis, 120
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-D- ‘
Continued

Decoding Register, 29
Decoding Register Flipflops, 122
Delay Pulse, 173

Delay Selector, 118
Digit Resolver, 11, 62
Dispatch Counter, 166
Dispatch Register, 167
Dividend, 16

Divisions, 15, 133
Divisions, example, 2k
Divisions, remainder, 16
Divisions, rules for, 17, 133
Divisions, special cases, 18
Division Test, 248, 253
Divisor, 16

Double Gate, 50

Doubling of Numbers, 11
Driver III, 138

Driver, Clear, 65

Driver, Complement Gate, 66
Driver Driver, 136

Driver, gate 65

-E-
End-around Carry, 64, 125
End .Connections, 138
* Even Address Gate, 138
Even -Order Gate,‘57, 137
-F-

False Use Memory Signal, 148, 150, 152
Fault, finding the, 195

Filament Circuit, 211

Filament Loads, 212, 213, 21k -

Final Test, 25k
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-F-
Continued

Final Test Flow Diagrams, 256
Final Test Routine, 258
Fixed Point, 4

Flaw Test, 227

Flaws, 89

Flipflop, 3. 4b

Focus, 83

Gate, Balanced, 52

Gate, Double, 50

Gate Driver, 65

Gate, Even Address, 138

Gate, Even Order, 57, 137
Gate, 0dd Address, 57, 137
Gate, 0dd Order, 57, 137
Gating, 48

Gating, Dispatch Counter, 110
Gating of Rg, 163

Green Clear, 54, 56, 58
Green Gate, 53, 55, 58

~-H-

Halving of Numbers, 11
Have used Memory Signal, 153

-I-

Incident Digit, 62
Initiating Signals, 174
Input, 2

Input Circuit, 69
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-I-
Continued

Input-output, 67

Input-output Orders, 100,
Input Routine, 190

Input Tape, 9

Instructions, Handling of, 1k2
Instruction Part of Order, 98
Intensity, 83

Interplay Control, 141

-L-

Leapfrog Test, 2u2

Leapfrog Test Block Diagram, 243
Leapfrog Test Routine, 2u4k

Lefthand Order, 29

Left Shift, 132

List of Orders, 31, 32, 33, 34, 35, 36

Maintenance, Memory, 90
Maintenance, Routine, 182
Malfunctions in Arithmetic Unit, 198
Malfunctions in Control, 199
Malfunctions in Memory, 20k
Memory, 76

Memory AdJjustment, 90

Memory Chassis Signals, 159
Memory Chassis Test Procedure, 206
Memory Clear Button, 192

Memory Control Chassis, 141
Memory Enable Signal, 153, 158
Memory, Logical Structure, 78
Memory, Malfunctions in the, 20k
Memory, Printing out the, 195
Memory, Signals, 80
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M-
Continued

Memory Synchronization Chassis, 141
Multiplication, 1k, 129
Multiplication Correction, 15, 131
Multiplication, example, 23
Multiplication Roundoff, 15, 123
Multiplication Test, 242, 253
Modulo, 2, 6

Negative Multiplier Correction, 131
Neon, Operating Panel, 192

"Not" Circuits, 3

Numbers Register, 10, 11, 27, 57
Number Representation, 5

Number System Used by ORDVAC, 4

0dd Address Gate, 57, 137
0dd Order Gate, 57, 137

OP Turnover Enable, 135
Operating Panel, 191
Operating Procedure, 185
Operating Test, 187

"Or" Circuit, 3

Order, 26

Order, Imstruction, 98

Order Pairs, 189

Order Pairs - Normal Switch, 192
Order Register, 11, 27, 57
Orders, Classification of, 99
Orders, Handling of, 96, 1lhi2
Orders, List of, 31

Output Operation, T1
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-P-

Pickup Plate, 77

Power Requirements, 209

Power Supplies, 209

Printing out the Memory, 195
Program, Putting into ORDVAC, 189
Pulser Cathode Followers, 88
Pulsers, 87

Punched Tape, 67

RI, 10, 52

Rl, 10, 9, gE
Ry, 10, 9,
RII, 10, 55
R2, 10, 56
R,, 10, 27, 55, 56

RITI, 11, 56

®3, 10, 11, 27, 57

R3, 11, 27, 57

Ry, 29

R Order, 100

Raster Patterm, 86
Read-around Block Diagram, 216
Read~around Routine, 217
Read-around Ratio, 88
Read-around Routine, 215
Recognition Circuit, 57, 11k
Red Clear, 54

Red Gate, 53, Sk, 55
References, 272

Regenerate Cycle, 78
Regeneration Counter, 166
Regeneration Register, 167
Register, bk

Register, Control, 167
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-R-
Continued

Register, Dispatch, 167

Register, Regeneration, 167
Register Selection Chassis, 1h1
Remainder, Division, 16

Repairs, Memory, 9%

Resident Digit, 62

Residue, 17

Righthapd Order, 29

Right Shift, 132

Roundoff, Multiplication, 15, 123

Safety Circuits, 102

Safety Circuits, d-c, 211

Safety Circuits, Shift Sequencing Chassis, 109
Sensing of Memory, 77

Shift, 132

Shift Counter, 112

Shift Orders, 100

Shift Relay, 69

Shift Sequencing Chassis, 105
Shifting, 58 ,

Shifting Register, 11

Slave Register, 58

Slave Tube, 838

Square Root, example, 37

Square Root Routine, 37, 42

Square Root Routine Flow Diagram, 43
Start-run-stop Disable Switch, 192
Starting Machine, 185

Stop Order, 151

Stop Switches, 112, 198

Store Orders, 100

Stripes Flaw Test, 227

Stripes Flaw Test Block Diagram, 228
Stripes Flaw Test Routine, 229
Subtraction, 11, 125

Subtraction, example, 22

Sum Voltage, 60

Synchronization Flipflop, 154
Synchronization of Control with Memory, 152
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T. Flipflop, 107
Tg Flipflop, 107

Tape, 67

Teletypewriter, 67

Teletype Switches, 187 _
Tentative Partial Remainder, 16
Tentative Partial Remainder Sensing, 134
Test, Basic Operating, 187
Test Switches, 112, 198

Toggle, Uk

Transfer of Information, 46
Transfer of Control, 146
Transmitter-distributor, 68
Trouble Shooting, 194

Video Amplifier, 82

W Signal, 160

WE Signal, 160

WE' Signal, 160
Williams Control, 82
Williams Tube, 76
Write Signals, 162

Yellow Clear, 54, 56
Yellow Gate, 53, 55
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104
126
127
129
130
138
155
159
167
169
171
17h
176
181
189
190
192
193
19k
195
196

198
200
201
202
208

209
210
216
231
236

ohs5
2kg
250
251
252

253
257
259
260

LIST OF DRAWINGS
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TITLE DESIGNATION
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DC Control and Distribution
Clear Driver
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Verifier Circuit Revised
Input-Output Relay Circuit

Power Supply -2000V, 200MA
Driver III Chassis

Modified Transmitter Distributor
Pulser Cathode Follower Chassis
Shift Sequencing Chassis

Shift Control

AC Distribution

Clear Driver Driver RI

Clear Driver Driver RII

Clear Driver Driver RIII

Address Generator

Video Amplifier and Willisms Tube
Control

Complement Gate Driver Chassis
Digit Resolver

Gate Driver RI
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Modified Schematic -15 Printer Set
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