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This invention relates to electronic digital computing
machines and is particularly, although by no means ex-
clusively, concerned with binary-digital computing systems
which employ digital storage or memory devices of the
type described in the paper by F. C. Williams and T. Kil-
burn, Proc. Institution of Electrical Engineers, part III,
March 1949, pages 8i-100.

This application is a divisional application from ap-
plication Serial No. 165,434, filed June 1, 1950, by F. C.
Williams et al., for “Electronic Digital Computing De-
vices.”

Universal digital computing machines, i.e. computing
machines which are intrinsically capable of performing
any computation desired, provided that adequate storage
is provided, operate by handling a mathematical prob-
lem as a series of simple arithmetic operations which
can be performed upon numbers which arc held in a
storage or “memory” within the machine. Such machines,
in general, conform to a similar pattern. In these ma-
chines there exists a store in which all data required in
the solution of a problem is recorded, each element of
data having a unique location or “address” defined by its
spatial or temporal position or by a combination of both,
one or more arithmetic organs, which generally include a
subsidiary store or accumulator, in which elementary
arithmetical operations can be performed between num-
bers fed (generally at different times) to the arithmetic or-
gan, and finally a control system which controls the se-
quence of operations of the machine and orders the neces-
sary transfers of numbers and arithmetical operations.

For any particular problem the programme of opera-
tions to be carried out by the machine is broken down
into a series of orders, each of which represents an ele-
mentary number transfer or arithmetical operation. These
orders may be conveniently expressed in code form as
numbers and stored in the memory of the computing
machine, as part of the data of the problem, until required
and called into operation by the control system of the
machine. Each step of operation performed by the ma-
chine in response to a single order may be reduced in
effect to the iransfer of a number betwcen the store
and some other portion of the machine (in general the
arithmetic organ) and an arithmetical operation may or
may not occur autcmatically as a result of the transfer.
For example, two numbers may be added by first feeding
one number from the store to the arithmetic organ, where
it is stored in an accumulator, as a result of a first order
or instruction and then feeding the second number from
the store to the arithmetic organ, under the control of a
second instruction, in such a fashion that it is added to
the first number held in the accumulator. The coded
order or instruction “words” therefore have to define the
addresses in the main store of the machine from which
or to which a number transfer is to occur and must also
define the other destination or source of the transferred
number and any arithmetical operation which is to occur
as a result of the transference.
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The obeying of each single instruction by the ma-
chine may be regarded as the fundamental unit of opera-
tion of the machine and the interval involved in the
obeying of an instruction is referred to hereinafter as a
“par.” A sub-interval or, as it is sometimes referred to, a
minor cycle is occupied by the time taken to express
within the machine in dynamic form a number or instruc-
tion word. Such intervals are referred to as “beats.”
It is apparent that any number transference must by it-
self occupy one beat as, in order to transfer a number
or word which exists in static form in the store to another
address where it is again represented in static form, it is
necessary to convert the number or word to dynamic
form and that such conversion is the essence of the trans-
for as any digit of a number or word existing transiently
in dynamic form may be employed to recreate its static
counterpart immediately in a storage location.

In working through a problem the computing machine
normally obeys instructions sequentially and as the in-
struction words are stored in the main storage system
of the machine each instruction word has to be read out
in turn in dynamic form, the process of reading involv-
ing the transient identification of each digit of a word
bheld in a store and the simultaneous provision of a

5 transient signal representative of the digit, so that the

word may effect the necessary control functions in the
machine which are requisite for the obeying of the in-
struction. The sequential se'ection of instruction words
from the store must be performed by a subsidiary con-
trolling function of the machine; the utilization of each
instruction word in the store necessarily invelves in effect
a transfer of that word out of the store and may be effect-
ed under the direction of a “control instruction” which is
held in a subsidiary storage portion of the machine. It is

3 arranged that upon the completion of the operation of

obeying each instruction, the control instruction relating
to the next instruction in the sequence to be obeyed is
caused to become effective and initiate the events occupy-
ing the next bar in the operation of the machine. The
control instructions required when instructions recorded
in specified addresses in the store are to be selected se-
quentially may be readily derived, for example, by the
cperation of a completion signal at the end of each bar.

The automatic process of sequential selection of in-
structions may require to be broken automatically in
certain circumstances. For example, transfer of the con-
trol exercised by the control instructions may be re-
quired to take place in response to an arbitrary instruc-
tion in the sequence, possibly a reversion to an instruc-
tion previously used or a jump ahead to a new instruc-
tion. Such transfers of control may occur as the re-
sult of a test made upon the state of a partial solution
existing in the computing machine and the conditional
transfer may be produced by appropriate arrangement
of the instructions recorded in the store when the pro-
gramme for the problem on hand was designed. For
example, a particular group of g instructions whose ad-
dresses may be denoted as a1, n+2 ... ntg—1,
n-+q may be repeated if, at a particular stage in the solu-
tion of a problem the partial solution available complies
with a certain requirement (e.g. of sign), while if the
requirement is not complied with the machine may be
reguired to progress to a new set of instructions. Such
a conditional transfer of the control of the machine may
be effected by arranging that instruction n+4-g—1 calls for
the necessary test of the partiai solution and that when
instruction n-+g—1 has been obeyed, causing the ma-
chine to proceed either to instruction n+4q, or by omit-
ting one instruction, to instruction n4-g-+1 in depend-
ence upon the result of the test. Instruction n+g may
be designed to cause a backward transfer of control by
causing the machine to subtract a quantity g from the
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control instruction number, the number g being obtained
from the store wherein it was originally loaded as part
of the data, so that the control instruction reverts to
instruction n. The instruction n--g+41 on the other
hand may be designed to allow the solution to proceed.
Other arrangements may be made for control transfer;
for example, an instruction n, selected by the control
instruction after an instruction calling for a test has been
completed, may require control to be transferred to an
entirely new instruction in address location m and this
may be achieved by causing the instruction n to replace
the control instruction by a number m-—1 so that the
normal sequential selection function performed by the
control instruction mechanism causes the instruction m
to be next selected. Alternatively, the instruction n may
be designed to cause the number (m—1)—n to be added
to the existing control instruction number with the same
effect.

One existing form of computing machine of the gen-
eral type outlined above comprises a memory, referred to
as the Main Store, which consists of a number of cath-
ode ray tube storage units operating upon the principles
described in the aforesaid paper by F. C. Williams and
T. Kiiburn. The machine operates in the serial mode,
i.e. numbers in binary notation are represented dynami-
caily as irains of pulses in common channels and each
word occupies an “address” comprising a line or portion
of a line on one cathode ray tube of a raster-like pattern
applied in common to all the cathode ray tubes in the
store. Reading of a particular word in the store, i.e. the
observation and reproduction in dynamic form of that
word during one beat without destruction of the recorded
word may be achieved by scanning of the appropriate
address line in the appropriate cathode ray tube of the
store. As explained in the aforesaid paper by F. C.
Williams and T. Kilburn, the cathode ray tube store
systems require for their operation that all the recorded
information should be periodically regenerated, and this
may be most conveniently carried out by arranging that
sequential regeneration takes place during alternate, or
so called “scan,” beats according to a cyclic pattern while
during intervening, or so called “action,” beats selected
addresses are made “active,” L.e. the conlents of a single
selected address are made available for reading.

The mode of operation of the storage system with such
interlaced scan and action beats, when taken in conjunc-
tion with the provision of a main store in which both
data and instruction words are initially recorded, results
in a rhythm of operation for the machine in which each
bar normally comprises four beats. The above-men-
tioned existing machine, in order to operate in this
rhythm, comprises in addition to the main store referred
to above and an arithmetic organ, two subsidiary stores
which perform the controlling function for the machine.
These stores, each of which is of the cathode ray tube
type, each has a capacity of one word and the first, which
was known as the “control register,” recorded a number
which is referred to in this specification as the “control
instruction” and which is effectively a number defining
the address in the main store of an instruction which is
being currently obeyed, while the second store, which was
known as the “current instruction store,” acts as an inter-
mediate repository for each “current instruction word”
read from the Main Store before that instruction word is
fed to perform its address selection and controlling func-
tions. In simple operation during the first (Scan 1) beat
of a bar the control instruction number (n) is caused to
be increased by one, by means of a suitable adding cir-
cuit associated with the regenerative loop of the control
register store, and the number n+1, which is simultane-
ously read out, performs the sclection of the address
in the main store of the next instruction to be obeyed.
During the next (Action 1) beat the selected instruction
word is read out of the Main Store and written into the
current instruction store where it is held until the next
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(Scan 2) beat when it is read out of this subsidiary store
and fed to the address selection and routing control
mechanism to prepare the source and destination and
direction of transfer which will be involved in the word
transfer comprised in the obeying of this instruction in
the next beat. During the fourth (Action 2) beat this
instruction will be obeyed, a number or instruction word
being transferred between an address in the Main Store
and some other part of the machine (generally the
arithmetic organ when a number is being transferred, but
possibly the contro! register if a control transfer is being
effected) and will generally be completed in the single
beat. If, however, the instruction is one which calls for
an arithmetic operation occupying more than one beat
then provision is made for holding up the initiation of
the next bar until the scan beat following the beat in
which the completion of instruction occurs. In the afore-
said existing machine it was assumed that the instruction
words represented in a coded form the address in the
Main Store and the address in the arithmetic organ (or
elsewhere)} between which a number transfer was to be
effected and that one digit of the instruction word de-
fined the direction in which the transfer was to occur.

The object of the present invention is to provide an
improved compuiing machine similar in general prin-
ciple to such existing machine previously referred to in
which economy of apparatus, increased facilities of oper-
ation and enhanced operating speed may be achieved.

According to one feature of the invention the machine
comprises a main storage device for recording both num-
ber and instruction data to be employed in the solution
of a problem, an arithmetical organ for performing a
chosen operation upon or between numbers or words fed
thereto from said main storage device and a control sys-
tem including means for storing and utilising a control
instruction word and means for storing and utilising a
particular or present instruction word selected and trans-
ferred from said main storage device under the control
of said control instruction word characterized in that the
storage of both said control instruction word and said
present instruction word are effected within a single
storage unit,

According to another feature of the invention the selec-
tion of the desired data from the main storage device
and the controlling of the subsequent operation to be
performed therewith within the machine are effected
through the intermediary of different digit portions of a
common instruction word.

According to a further feature of the invention the
machine is provided with means for testing a partial solu-
tion and, in accordance with the result of such test, effect-
ing conditional transfer of the control of instruction word
selection to one or more different instruction words.

As already explained, machines of the general form de-
scribed normally operate in a rhythm of four beats to a
bar but in accordance with yet a further feature of the
invention a second storage device is provided for record-
ing instruction words and the operation of the machine
then arranged to take place in a bar consisting of two
beats only during the first of which a chosen instruction
word is read out from said second storage device and is
used to prepare means for selecting a data item from the
first or main storage device and to prepare means for
performing the required arithmetical or other operation
while during the second beat such operations upon said
data are obeyed whilst the control means simullaneously
select the next inmstruction word in the second storage
device in readiness for the next following operation. Such
feature of the invention is particularly adapted for use
with storage devices which require repeated regeneration
of the data held therein in which case the respective re-
generation or scan beats and the operative or action beats
of the first and second storage devices are interleaved so
that the instruction storage device performs an action
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beat while the main storage device performs a scan beat
and vice versa.

In many applications the maximum number of digits
required for the composition of the coded instruction word
is less than half the number of digits which are required
to provide the chosen maximum number capacity of the
machine. The storage of these smaller words in positions
within a storage device capable of accommodating the
required maximum size of number or word is obviously
wasteful and in accordance with yet another feature of
the invention a computing machine employing digital stor-
age or memory devices, such as cathode ray tube devices,
for recording separate items of numerical or coded in-
struction data of predetermined maximum magnitude at
locations which each bave a unique address within the
device is provided with arrangements for recording a
plurality of items of appropriately smaller maximum mag-
nitude within one unique address location of said device.
Conveniently selection of any desired one of such plu-
rality of items is performed upon a time-division basis.

The design and size of a given machine is governed
largely by the maximum number of digits required in any
number to give the desired degree of precision. While
economic factors may restrict the maximum chosen to a
value capable of properly handling only the majority of
problems which may require to be solved, there are not
infrequently occasions, such as when many arithmetical
operations are performed in succession upon the input
numbers or if the latter are raised to high powers, when
it may be necessary to use in the expression of any one
number, a greater number of digits than the chosen maxi-
mum of the machine, and in accordance with yet a fur-
ther feature of the invention, the facility for doing this
is provided in a machine operating in the serial mode and
including an arithmetical organ which comprises a stor-
age device of the cathode ray tube type wherein the
maximum number of digits of a basic number or word are
normally accommodated within one line scan on the
screen of said tube by arranging the arithmetical organ
to have a storage capacity of two lines, each line being
capable of storing one basic word or number.

With a view to increasing the flexibility of the machine
it is frequently arranged that stored imstruction words
can themselves be modified from time to time in order to
carry out an extended range of different functions. This
is customarily effected by treating the instruction word
as a number and passing it through the arithmetical organ
where the desired alteration is made by the simultancous
feeding to such organ of a modifying word. Such a proc-
ess involves waste of normal operating time of the ma-
chine and in accordance with yet a further feature of the
invention a subsidiary storage device capable of storing
one or more words is provided and the machine is ar-
ranged so that, in its normal operation, as each instruc-
tion word is read out of its normal storage location and
is fed to the control system of the machine, it is passed
through a modifying device whereby it may, if desired,
be modified by the simultansous application to such de-
vice of a word from said subsidiary storage device.

In order that the various features of this invention may
be readily understood a detailed description of one com-
plete universal digital computing machine together with
detailed descriptions of a number of further modifications
will now be given in conjunction with the accompanying
drawings in which:

FIGS. la and 1b form, in combination, a block sche-
matic diagram of a complete digital computing machine
in accordance with certain features of the present inven-
tion.

FIGS. 2, 3, 4 and 5 illustrate a series of waveform
diagrams relating to various parts of the machine shown
in FIGS. la and 1b.

FIG. 6 is a detailed circuit diagram of one section out
of several similar sections of the L and F Staticisor units
of FIG. 15.
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FIG. 7 is a more detailed block schematic diagram of
the Instruction Gate and Y-Plate waveform generator for
the control unit of FIG. 1a.

FIG. 8 is a detailed circuit diagram of the stop and
prepulse units of FIG. la.

FIG. 9 is a block schematic diagram similar to FIG. 1
but of somewhat simplified character illustrating a modi-
fied machine arrangement.

FIG. 10 is a diagrammatic view of a storage tube screen
showing the storage arrangements for shortened instruc-
tion words according to a further modification of the
invention,

FIG, 11 is a series of waveform diagrams relating to
the modification shown in FIG. 10.

FIGS. 12z and 126 show a detailed circuit arrange-
ment for the special F staticisor unit required in a ma-
chine similar to that of FIG. 1 but modified in accord-
ance with the further embodiment illustrated in FIGS.
10 and 1L

FIG. 13 is a block schematic diagram, again generally
similar to FIG. 1 but illustrating yet a further modifica-
tion of the invention.

FIG. 14 shows a number of waveform diagrams illus-
trating the modification of FIG. 13.

FIG. 15 is a block schematic diagram of a portion of
the machine shown in FIG. T and relating to yet a further
modification of the invention.

FIG. 16 shows a number of waveform diagrams related
to the arrangement of FIG. 15.

FIG. 17 is a further schematic block diagram of frag-
mentary character showing certain further modifications
of the arrangement shown in FIG. 1 to explain another
modification of the invention.

FIG. 18 comprises a series of waveform diagrams re-
lated 1o the arrangement of FIG. 17, while

FIG. 19 is a detailed circuit arrangement for generat-
ing the particular form of Y-shift waveform disclosed in
FIG. 18,

FIG. 20 is a detailed circuit diagram of one element
of the pulse generating circuit PPG, FIG. 16 while FiG.
21 is an amplified block schematic diagram showing the
interconnection of a plurality of such elements to form
the complete device.

FIG. 22 is a part schematic, part detailed circuit dia-
gram of a cathode ray tube storage device as employed
in the Main Store MS, the accumulator, the control unit
CL and other elements of the machine.

The general arrangement and method of operation of
the particular embodiment chosen for illustration of the
invention will first be described in broad outline with
reference to the schematic diagram of FIGS. 1g and 15.
This machine operates under the binary system and is
of the serial type. It utilises for various “memory” or
storage purposes cathode ray tube storage means of the
kind described in the aforesaid paper by F. C. Williams
and T. Kilburn, wherein each binary digit “0” or “1” of
a number or the equivalent coded address or instruction
word is represented by one or other of two, e.g. “dot” or
“dash” forms of discrete electric potential charge upon
the screen of a cathode ray tube. The group of sequen-
tial dot and dash charges comprised in each number or
word are arranged along the whole or part of a single
Jinear deflection scan of the cathode ray tube beam so
that, when required, a plurality of such numbers or words
may be recorded and stored side by side, by causing the
beam to provide a television type raster. Selection of any
desired number or word can then be achieved by arrang-
ing for the appropriate positioning of the tube beam in
the transverse or “Y" direction before commencing its
linear or “X” scanning movement,

The machine shown in FIGS. 1g and 14 comprises a
Main Store MS (FIG. 1b) which includes one or more
cathode ray tube storage devices as referred to above ar-
ranged for side-by-side or raster type line storags and pro-
vided with the necessary ancillary apparatus by which
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numbers or words, in the form of pulse trains, can be writ-
ten thereinto, read out therefrom, erased or continuously
regenerated. Associated with this Main Store MSis a Y-
Shift generator unit YSG for providing the requisite trans-
verse or Y-deflection to the beam of the cathode ray tube
of the Main Store for selecting any chosen one of the raster
lines. The operation of this unit YSG is itself controlled
during certain portions of the operation cycles of the
machine by an L-Staticisor unit LST (FIG. 1) whose
function is to translate a dynamic pulse form signal into
suitable static control voltages for the unit YSG whereby
the latter provides a deflection of the tube beam in the
Main Store MS to a raster line whose address is that indi-
cated by the pulse signal fed to the staticisor unit.

The machine shown is capable of performing one sim-
ple type of arithmetical operation only, namely subtrac-
tion and this is effected in the arithmetical organ or Ac-
cumulator A (FIG. 1a) which includes a single cathode
ray tube storage device arranged to deal with only one
number or word at a time and provided with the requisite
writing, reading, erasing and regenerating ancillary appa-
ratus.

The control of the various elements of the machine
during each bar in obedience to the particular instruction
of the moment is effected by the control unit CL (FIG.
1a), which includes a single cathode ray tube storage de-
vice arranged for two-line storage and provided with the
requisite ancillary apparatus for effecting writing in, read-
ing out, erasing and regenerating each of the two stored
words. This ancillary apparatus also includes means by
which an externally applied number, in the form of a pulse
signal, may be added to a word already in the store.

The necessary transverse or Y-deflection of the beam
of the cathode ray tube in the control unit CL in order
to deal with the appropriate one of the two stored words,
is controlled by an Instruction Gate and Y-Plate wave-
form generator unit GYWG (FIG. 1la) which is itself
controlled in its operation by certain fundamental timing
waveforms existing within the machine.

The machine being described operates at a rhythm of
four beats to each bar and the initiation of each bar is
controlled by a special pulse waveform, hereinafter called
a “prepulse” generated within a Prepulse Unit PPU. This
unit is provided with a manually operable key KSP which
serves, when thrown, to cause the release of a single pre-
pulse only,

For the purpose of automatically changing the instruc-
tion word at the end of each bar so that the various
sequential operations as defined by the programme laid
down for the machine are effected in order the Test Unit
TU (FIG. 1q) is provided and serves, in combination with
the ancillary adding apparatus of the control unit CL, nor-
mally, to add 1 to the address number of a word stored in
the latter. This test unit TU also comprises means for
determining the compliance or otherwise of a solution
number existing within the Accumulator A with a certain
requirement, €.g. of its sign, and dependent upon the re-
sult of such test, for altering the aforesaid addition of 1 to
an addition of 2.

For the purpose of stopping the automatic cyclic op-
eration of the machine under certain circumstances there
is provided a Stop Unit SU (FIG. 1a) with which is asso-
ciated a warning or Stop Lamp SL.

A typewriter TPR (FIG. 1c) provided with a plurality
of keys each significant of a different one of the total num-
ber of digit positions available in each number or instruc-
tion word is provided for initial setting up and testing pur-
poses.

The routing of the various signals between units of the
machine and the choice of its manner of operation are
controlled through the intermediary of a number of gate
or equivalent circuits among which are the Inward Trans-
fer Gate ITG (FIG. 1b), the Outward Transfer Gate
OTG (FIG. 1) and the Instruction Gate IG (FIG. 1a).
These gates and other circuits are controlled by the static
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8 H
voltage levels provided at different terminals of a further
staticisor unit, the F-Staticisor unit FST (FIG. 15) which,
in similar manner to the L-Staticisor LST, above referred
to, is itself controlled by portions of a dynamic pulse
form signal fed thereto.
A change-over or Staticisor Switch (FIG. 1a)

58
2

serves to convert the machine from automatic to manual
operation while a series of switches, normally closed
when the machine is in the automatic running condition,
permit the setting of the L-Staticisor LST and the F-
Staticisor FST in any desired one of their various condi-
tions without the need of a special input pulse signal
when operating under manual control. Similarly a
Write/Erase key (FIG. 1b)

KLC

2

and a key (FIG. 15) KSC permit correction of any entry
under manual control conditions or clearance of the Main
Store.

A number of further waveform generators governing
the operation of the machine including an X-scan gen-
erator XWG (FIG. 1b) by which the beams of all the
cathode ray tubes used are caused to scan in the X-
direction in unison during each beat interval, subject to
their being brightened to operative level. These wave-
forms and their generators will be referred to and de-
scribed later in the more detailed description of the var-
ious parts. In broad outline the operation of the machine
is as follows:

The initial setting up of the various number and instruc-
tion words in the Main Store MS is effected manually.
To accomplish this the Staticisor Switch (FIG. 15)

ss
2

is thrown to the manual position (i.e. opposite to that
shown) and the appropriate Y level of the cathode ray
tube in the Main Store MS at which recording is desired
is then selected by closure of the appropriate one or
combination of Switches S0-S4 associated with the L-
Staticisor unit LST. Operation of any one of the keys
K0-K39 (FIG. la) of the typewriter TPR serves to
record a dash symbol at the appropriate position along
the length of the particular raster line occurring at the
chosen Y level. By repeated selection of different Y-
levels by means of switches S0-S4 and operation of the
appropriate typewriter keys any desired number of the
various lines of the Main Store may be filled with the
requisite mathematical numbers and the related instruc-
tion words for the desired computation.

Number words related to the mathematical quantities
being dealt with will consist of an appropriate collection
of binary digits up to the maximum capacity of one line
of the tube which, in this case, is forty digits.

The instruction words will in general comprise two sep-
arate sections, the first consisting of a group of binary
digits, which are related to and serve to signal the par-
ticular address, i.e. the particular line or Y-level in the
Main Store MS at which a desired number word is lo-
cated and a second section, again composed of a collec-
tion of binary digits which serve to signal and contro! the
nature of the function which is required to be carried out
on the particular number chosen by the previous address
section of the word. In general with a machine of the
simplest type described a total of five binary digit symbols
will suffice to select any desired address level while a
total of three binary digit symbols is sufficient to set up
any of the different function operations which can be
carried out. Accordingly the 1st, 2nd, 3rd, 4th and 5th
digits of the word are used to signal the address and the
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14th, 15th and 16th digits to signal the functional opera-
tion.
If erasure is desired at any time during this manual
setting-up operation it can be effected by throwing keys

KLC
2

and KSC. Regeneration of the information recorded in
the Main Store is effected during each alternate (scan)
beat and therefore starts immediately after insertion of
any digit so that the numbers or words put into the store
are available for use or alteration indefinitely thereafter.

Assuming all the required number and address words
have been inserted in the Main Store MS then the nor-
mal automatic operation cycle can be initiated. This is
effected by throwing the Staticisor Switch

ss
2

to its autoposition (as shown) whereupon continuous op-
eration on the basis of four beats to every bar will com-
mence. FEach beat will be initiated by a prepulse from
the Prepulse Unit PPU. During such automatic opera-
tion in the first (Scan 1) beat regeneration takes place
in all storage units and while it is doing so in the con-
trol unit CL a control instruction number (rn) already
stored in control unit CL on one, the CI line, of its two
levels will be increased by 1 automatically by a pulse
sent out from the test unit TU and the resultant new num-
ber (n-1-1) simultaneously read out of the control umit
CL through the opened Instruction Gate IG to the L-
Staticisor LST where the 1st and 5th digits of the number
will set such L-Staticisor to a condition which provides
a series of static output voltages for controlling the Y-
shift generator YSG during the next following {action)
beat such as will adjust the Y-level of the Main Store
MS during that action beat to that of the next instruction
number which is to be read out from the Main Store MS.

On the next (Action 1) beat there is no regeneration
anywhere but the newly selected or present instruction
number is read out from the Main Store MS through the
opened Outward Transfer Gate OTG into the store CL
at the alternative or P.I. level of the latter. The beam
scanning level of the storage tube of this unit is suitably
altered by a waveform supplied from the unit GYWG.

In the next following (Scan 2) beat, the new, present
instruction word in the store CL is read out through the
Tnstruction Gate IG to the F-Staticisor FST and the
L-Staticisor LST. The F-Staticisor is operated by the
14th-16th digits of such woerds to provide a series of dif-
ferent voltages which when applied to the various circuit
elements such as the ITnward and Outward Transfer Gates
ITG and OTG, the erase, writing, adding, subtracting or
reading circuits of the various store units serve to set up
the necessary routing and control arrangements for the
particular function operation next to be performed. The
address digits, i.e. the 1st to 5th digits of the same word
cause similar operation in the L-Staticisor LST to reset
the Y-shift generator YSG for the Main Store MS to the
particular new level of the number stored in the Main
Store MS which is next required to take part in the
chosen operation.

In the fourth (Action 2) beat the aforesaid present in-
struction is obeyed by the transference of the selected
number out of the main store MS over the particular
path and through the operation of the appropriate other
units as selected by the F-Staticisor FST to a destination
which will normally be the Accumulator A.

In the next following operation the control instruction
(n-4-1) previously existing at the first (C.I.) level in the
unit CL is again increased by 1 whereupon the cycle is
repeated substantially along the lines described. By ar-
ranging that the successive present instruction words read
out from the Main Store define the required programme
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10
of operation, the required computation will be completed
automatically,

If, at a certain point in the programme of operation,
the next step is conditional upon the result of the partial
solution at that point, then the present instruction brought
into use from the Main Store is arranged to cause a test-
ing operation by the unit TU which, according to the result
obtained, either causes continuance with one sequence
of instruction words by again providing the addition of
1 to the control instruction in control unit CL or, alter-
natively, by providing the addition of 2 to such number
causes diversion to a fresh series of present instruction
words. The completion of the programme or the sus-
pension of operation at any time is arranged to cause
operation of the Stop Unit SU which suspends the opera-
tion of the Prepulse Unit PPU and illuminates the Stop
Lamp SL.

In the particular machine described the Accumulator
or arithmetic unit A is adapted when required to cause
subtraction of a given number written in from that already
stored in the accumulator tube but of course a variety
of other arrangements such as for effecting addition or
multiplication may be used instead or even provided at
the same time and selected by appropriate gating opera-
tion from the F-Staticisor,

In addition to the manual insertion of information into
the store it may be necessary, either for initial setting up
purposes or for subsequent test purposes, to operate the
machine one bar at a time instead of according to a con-
tinuous automatic cycle, For this purpose the switch

ss
2

is held in the manual position and the appropriate func-
tion set by operation of one or more of the switches S13
to S15 associated with the F-Staticisor, The operation
of the machine is then initiated for one bar only by opera-
tion of key KSP.

The various units and their manner of operation will
now be described in greater detail, The basic timing of
the machine shown in FIGS. 14 and 154 is controlled by
a clock pulse generator circuit CPG (FIG. 1) which pro-
vides a series of square pulses whose period time is 8.5
microseconds. These pulses shown in diagram (i) of
FIG. 2 will hereinafter be called Clock pulses. The time

eriod of a total of 45 of these Clock pulses is assigned
to cach beat of the machine and of this period the time
required by 5 Clock pulses is assigned to the requisite
flyback motion of the beam of each cathode ray tube
storage device before each lincar scanning motion leaving
a total of 40 Clock periods for the actual composition of
each number or word. The dynamic form signal for
each digit of a number or word is arranged to fall within
the period of 1 Clock pulse and the machine therefore has
a capacity, as already stated, of 40 digits in each number
or word.

The Clock pulses are applied to a divider circuit DV1
(FIG. 15) which can be of any suitable form to provide
an output pulse for every five input pulses as shown in
waveform (/i) of FIG. 2, These pulses will hereinafter
be called DIV1 pulses and are then applied to a further
divider circuit DV2 which again is of any suitable form
to provide an output pulse for every nine input pulses as
shown in waveform (iif) of FIG. 2. These pulses, which
occur one in synchronism with each 45th Clock pulse
will hercinafter be referred to as the DIV2 pulses.

The pulses from divider circuit DV1 are applied as one
triggering input to a flip-flop circuit BOPG, the other trig-
gering input of which is supplied from the divider circuit
DV2 by way of a gate circuit G1 which is opened by the
further supply thereto of the pulses from the divider cir-
cuit DV1. The consequential output from circuit BOPG
is a waveform as shown in diagran. (iv) of FIG. 2, con-
sisting of positive going square pulses during the period of
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Clock pulses 1 to 5 and then a quiescent period until the
end of Clock pulse 45 and so on. This waveform which is
used to ensure suppression of all the cathode ray tube
beams during the flyback time following each line scan,
will hereinafter be called the Black-Out waveform.

The requisite repetitive saw-tooth waveforms for caus-
ing linear scanning movement of the various cathode ray
tube beams in the X direction are provided by the X-time
base generator XWG (F1G. 16) which is controlled by
the Black-Out waveform so that the flyback portion com-
mences at the instant of commencement of each positive
going Black-Out pulse and the linear scanning portion at
the instant of termination of each Black-Out pulse. One
of the two (push-pull) X-time base waveforms, herein-
after called the XTB waveform is shown in diagram
(xiii) of FIG. 3. The time scale of this diagram together
with that of the redrawn Black-Out waveform (iv) has
been reduced by 4 as compared with FIG. 2 to illustrate
the 4 complete beats of a single bar S1, Al, S2 and A2.

As explained in detail in the aforesaid paper by F. C.
Williams and T. Kilburn the setting up of one or the
other of the two different forms of discrete charge upon
the cathode ray tube screens, representative respectively
of the binary digits “0” and “1” is effected by intensity
modulation of the tube beam for time periods of different
lengths whereby, due to the concurrent X scanning move-
ment of the beam, a “dot” or a “dash” charge pattern is
provided. For effecting such beam modulation the ma-
chine is provided with a dot pulse generator DTPG (FIG.
14) and a dash pulse generator DSPG each of which are
supplied with the Clock waveform to initiate triggering of
suitable pulse generating circuits, the constants of the cir-
cuit of DTPG being such as to provide a series of two
microsecond negative going pulses each coincident with a
Clock pulse as shown in diagram (v) of FIG. 2 and the
corresponding constants of the circuit of DSPG being
such as to provide a series of five microsecond pulses each
coincident with a Clock pulse as shown in diagram (vi)
of FIG. 2. By supplying the output from each of the
circuits DPTG and DSPG through gate circuits G2 and
G3 which are controlled by an output from the Black-Out
waveform generator BOPG the Dot and Dash pulses are
inhibited during the time of the first five Clock pulses of
each complete beat of 45 pulses so as to provide a series
of separate groups of Dot and Dash pulses, 40 in number,
and each coincident in time respectively with Clock pulses
6 to 45. These Dot and Dash waveforms are conveniently
made available through buffer amplifiers BA1, BAZ2.

Tn order to allow selection of specific ones of said Dot
or Dash pulse series and for other similar purposes there
are provided a group of 40 single pulse waveforms, each
on separate leads and each consists of a single S micro-
second pulse coincident in timing with one or other of
the Dash pulses. These waveforms will hereinafter be
referred to as the “p pulses” and diagram (viii), FIG. 2,
shows the first of the group comprising a negative-going
pulse synchronised in time with the first Dash pulse and
called, for convenience in computing, the “p0” pulse since
it coincides with the position in the group of 40 pulses,
of the lowest significant figure 2° in the binary scale (for
convenience, the order of significance of the digit posi-
tions is assumed to increase from left to right). The next
pulse of the group, the “p1” pulse (denoting 2! in the
binary scale) is shown in diagram (ix), FIG. 2, and is co-
incident in time with the second Dash pulse while dia-
grams (x) and (xi) respectively illustrate the next or “p2”
pulse (22) and the last or “p39” pulsc (23%), The inter-
vening pulses of the group are mot shown since their
form will be obvious. These “p” pulses are conveniently
produced, in the manner described in detail later with ref-
erence to FIGS. 20 and 21 by a series of trigger circuits
PPG (FIG. 1) all of which are supplied with the Dash
waveform. Normally each circuit is in inoperative con-
dition and produces no output but each can be condi-
“tioned for operation by the application of a positive tran-
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sient voltage in readiness to provide an output pulse
coincident with the arrival thereat of the next Dash pulse.
The first trigger circuit p® of the series is conditioned by
the application thereto of the Black-Out waveform while
the subsequent trigger circuits p! to p3 are each condi-
tioned by voltages derived from the immediately preceding
circuit. The last circuit p3? is reset by the leading edge
of the next following Black-Out pulse from the circuit
BOPG. For convenience in illustration the various out-
put leads from the p pulse generator are shown collec-
tively as a single multiple conductor and the significance
of any particular single conductor from such multiple is
indicated by the addition of the particular p-pulse number
involved thereagainst at its point of attachment fo any
unit.

As deseribed in detail in the aforesaid paper by F. C.
Williams and T. Kilburn the reading or interpretation of
an already stored charge pattern on a cathode ray tube
screen is effected by sampling a portion only of each dis-
crete charge as the cathode ray tube beam is sweeping
thereacross and for the purpose of controlling such sam-
pling or reading instants a further series of pulses, here-
inafter called the Strobe pulses are provided. These
pulses which are shown in diagram (vii), FIG. 2, are posi-
tive-going and have about one microsecond duration com-
mencing at instants slightly later than the leading edges
of the Dot and Dash pulses. They are derived in the
circuit shown from a pulse generator circuit SPG (FIG.
1b) triggered from the Clock pulse waveform and fed, in
similar manner to the Dot and Dash pulses, through a
gate circuit G4, controlled by the Black-Out pulses, to a
buffer amplifier BA3.

As already referred to, the natural decay of the cathode
ray tube charge patterns with time, owing to leakage neces-
sitates their frequent and repeated regeneration and this
is effected where necessary in the machine described by
assigning alternate X-time base scans to regeneration and
using the intervening scans for operational purposes.
These periods are those known as the scan and action
beats respectively, each four beat bar therefore compris-
ing a Scan 1 beat, an Action 1 beat, a Scan 2 beat and
an Action 2 beat. For the purpose of effecting control
of various elements during these alternate beats, two
further square waveforms, at half the frequency of the
Black-Out and XTB waveforms are provided as shown in
diagrams (xiv) and (xv) of FIG. 3, They are derived
from square wave generator circuit HWG (FIG. 15) com-
prising a flip-flop circuit triggered from one state to the
other by the Black-Out waveform. One output compris-
ing positive-going half cycles coincident with the scan beat
periods will hereinafter be referred to as the Halver-S
waveform while a second paraphase output having its
positive-going half cycles coincident with the action beat
periods will hereinafter be referred to as the Halver-A
waveform.

The necessary transverse or Y deflection of the cathode
ray tube beam of the Main Store MS is effected by a
stepped waveform as shown in diagram (xvi) of FIG. 5
which is still further reduced in its time scale as compared
with FIGS. 2, 3 and 4 to show a complete Y scan cycle
occupying the time period of some 32 lines in the com-
plete raster corresponding to a storage capacity of 32
separate words or numbers. The Halver-S waveform to
which this Y-Shift waveform is time related has been
redrawn to the same time scale in diagram (xiv), FIG. 5.
As will be seen the Y-Shift waveform comprises a series
of separate square pulses of progressively changing am-
plitude with the intervening and equal time periods at a,
normally, common voltage level. The aforesaid dif-
fering pulses coincide in timing with the scan beat periods
of the Halver-S wave and consequently provide for the
progressive shift of the tube beam in the Y or transverse
direction whereby regeneration of each stored word or
number is effected regularly and in turn by the X-Scan
movement which takes place during each of these scan
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beat periods. The intervening voltage level periods coin-
cide in time with the action beat periods of the Halver-§
wave and, as described in the aforesaid paper by F. C.
Williams and T. Kilburn and as referred to later, the volt-
age level of any one of these intervening periods can be
set to any one of the 32 levels marked by the aforesaid
differing or scan period pulses for the purpose of select-
ing any one of the storage lines of the charge pattern
raster during an action period. Examples of such change
of voltage level of the intervening periods is indicated in
dotted lines in diagram (xxxv), FIG. 5.

The above described Y-Shift generator circuit YSG
(FIG. 1b) resembles that described in detail in FIG. 35
of the aforesaid paper by F. C. Williams and T. Kilburn
and comprises a cascade of scale-of-two-counter circuits
C0, C1, C2, C3 and C4 supplied at the first counter cir-
cuit CO with the Halver-S waveform. Each counter pro-
duces square waves which are successively submultiples of
the Halver-S wave frequency. The output of each count-
er circuit is added to the Halver waveform and is then
applied as one of two alternative controlling inputs to an
associated switching valve SV0, SV1, $V2, SV3 and SV4
and the respective outputs from cach of the Iatter valves,
when combined in suitable proportions serve to provide a
controlling potential for a Y-Shift valve Y8V which by its
two opposite phase outputs provides the requisite push-
pull Y-Shift waveforms for the cathode ray tube or tubes
of the main store. The alternative controlling inputs for
the switching valves SV@ to SV4 is provided by the
L-Staticisor circuit LST already referred to and which
will be described in detail later. This circuit serves to
select under the control of the Ist to 5th digits of an in-
struction word signalled to the L-Staticisor, such com-
bination of switching valves SV0 to SV4 for their opera-
tion during an action beat period of the Y-Shift waveform
as will set such Y-Shift in the cathode ray tube of the
Main Store at the required level to deal with the chosen
line of the raster containing the required number or in-
struction word. In spite of this change during any action
beat, the next following scan beat automatically continues
regencration of the raster line immediately following that
which was regenerated in the previous scan beat so that
although the raster line circuit during successive action
beats may shift from one to the other of any of the 32
lines of the store tube, regeneration takes place during
intervening scan beat periods smoothly and regularly.

A number of other waveforms are involved in the
machine but the form and production of these will be
dealt with at the time of description of the unit with which
they are concerned.

The Main Store MS (FIG. 15) closely resembles in
general form that described in the aforesaid paper by
F. C. Williams and T. Kilburn and will be described in
greater detail later with reference to FIG. 22. Broadly
it comprises the cathode ray tube 1@ with pick-up plate
11 and a regenerative lcop comprising an amplifier 12,
reading unit 13 and writing unit 14 whose output is con-
nected to the modulation grid of the tube. The X-de-
flector plates are supplied from the X-time base generator
XWG while the Y-deflector plates are supplied from the
Y-Shift generator YSG. For the purpose of sampling
only the first portion of each stored charge, whether it be
a dot or a dash, the read unit 13 is supplied with the
Strobe waveform as described in said paper by F. C.
Williams and T. Kiiburn. During regeneration of this
storage tube in each scan beat a series of dot signals are
continuously written into the tube by the write unit 14
under the control of the Dot waveform applied thereto
and a dot is accordingly always provided at each digit
position unless the presence of a dash signal exists in the
input to the write unit whereupon a fresh dash signal,
derived from the Dash waveform also supplied to
the write unit, is made to extend the dot pulse to
cause recording of a dash. Such dash signal input to
the write unit can be derived either from an external in-
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put from the Inward Transfer Gate ITG or from the
signal plate 11 by way of the regenerative loop of ampli-
fier 12 and read unit 13. By such arrangement it is
clearly possible to erase any existing dash pulse signal in
the storage tube by the simple process of breaking the
regenerative loop during the period of such signal where-
wpon a det is automatically written in its place. This
erasure can he effected by applying over lead 15 a suitable
waveform for inhibiting or blocking the operation of the
read unit 13 at the appropriate time instants, The output
signal from the pick-up plate 11, as existing in the storage
tube 10 at any particular instant, can be read out from
the unit 13 and made available to the rest of the machine
through the Outward Transfer Gate OTG.

The arithmetical organ or Accumulator A (FIG. 1¢)
comprises a storage device of the kind described in the
aforesaid paper by F. C. Williams and T. Kilburn and also
dealt with later in connection with FIG. 22. It includes
a cathode ray tube 16 with pick-up plate 17, amplifier 18,
read unit 19 and write unit 29 whose output is connected
to the modulation grid of the cathode ray tube. This
particular tube, being concerned with only single line stor-
age is not provided with any form of Y-Shift but is, of
course, applied with the XTB waveform from the X-time
base generator circuit XWG. The write unit 26 is sup-
plied with both Dot and Dash waveforms for operation
in the manrner as already described in connection with the
main store and the read unit 19 is similarly supplied with
the Strobe pulse waveform for the requisite sampling con-
trol. This Accumulator A, however, is provided with an
additional arithmetical element comprising a subtracting
unit 21 located between the read unit 19 and write unit 20
and external writing input to the Accumulator A is fed as
a second input to this subtracting circuit. The operation
of this circuit is such that the additional write input to the
subtracting unit 21 may be subtracted from the number
content already in the Accumulator and the result re-
written into the storage tube 16 and provided simul-
taneously as an external read output if required. Al-
ternatively, it may be arranged that, by applying an ap-
propriate erasing wave to the read unmit 19, e.g. to the
suppressor grid of a gate valve, such as that of valve
V110, FIG. 22, which selects the transient signals from
the amplifier 18, so as to break the regenerative loop,
then the external write input to the subtracting unit 21
will in effect, be subtracted from zero since there is no
stored number present within the tube 16 and the resuit
will be a number which is minus the number represented
by the original write input to the subtractor umit 21.
This minus number or complement is written into the
tube 16 of Accumulator A. Such subtracting arrange-
ments are already very well known in the computer art
and have been described and discussed in the literature
such as, for example, the various “Progress Reports”
upon the EDVAC machine made by the Moore School of
Electrical Engineering, University of Pennsylvania.

The required inhibition of the reading unit 19 is ef-
fected by the application, when required, of suitable po-
tentials to a controlling gate circuit. The provision of
these potentials necessary to alter the normal subtracting
operation of the Accumulator unit A from one which
deals with the existing word or number already in store
to one which subtracts from zero to provide a comple-
ment, is effected by the F-Staticisor FST which will be
described later.

The control unit CL (FIG. 1a) is effectively a combina-
tion of a control register and a current instruction store
and comprises a single cathode ray storage tube 25 pro-
vided with a pick-up plate 26 and a regenerative locp con-
sisting of amplifier 27, read unit 28, write unit 29 feeding
the modulation grid of the tube 25 with its output. This
tube has its X-deflector plates supplied from the X-time
base generator XWG and has its Y-deflector plates sup-
plied from the unit GYWG. In this circuit is included an
additional adding unit 30 to which an external writing
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input may be fed and, for an action analogous to that
of the subtraction within the Accumulator A, such exter-
nal writing input may either be added arithmetically to
the number already existing within the store, or, alter-
natively, by applying a suitable erasing control to the
read unit 28, may be written into the storage tube 25 in
place of the number already existing on the particular
line of the two lines available which is being scanned.
The form and organisation of adding circuits are already
very well known in the computer art and have been
widely discussed in the literature, see for example, the
various “Progress Reports” upon the EDVAC machine
made by the Moore School of Electrical Enginecring,
University of Pennsylvania, Proc. LR.E., December 1948,
pages 1452-60; “A Digital Computer for Scientific Ap-
plications,” by West and Deturk; and U.5.A. patent speci-
fication No. 2,429,227, filed June 11, 1945, by P. J. Herbst.

The F-Staticisor (FIG. 1b) comprises a plurality, in the
present case three, identical secticns one for each of the
function-determining digits of the instruction word which
is to be staticised thereby. FIG. 6 shows the circuit ar-
rangement of one staticisor section n corresponding to the
(n-1)th digit of the word. This element comprises a
two-state trigger circuit of valves V1, V2 provided with
anode-to-suppressor-grid cross coupling. The quiescent
condition of the trigger circuit is that in which V1 is con-
ducting to its anode and this state is maintained or the
element is reset to it at the commencing of every scan
beat by negative pulses derived by differentiation of the
Halver-A waveform which are supplied to the control grid
of valve V2 by way of terminal 31. The positive-going
differentiated pulses which occur at the commencement
of each action beat period of the Halver-A waveform are
ineffective owing to the positive bias supply for the con-
trol grid of valve V2.

A gate circuit of the multiple diode type controls the
triggering input to valve V1 and comprises diodes D1 and
D2 with a common cathode resistor R1 returned to a
source of negative potential and whose anodes are re-
turned respectively to positive potential sources by way
of resistors R2, R3. The anode of diode D2 has applied
thereto by way of terminal 32 the particular p-pulse
waveform applicable to the digit concerned, i.e. either
the p13, the p14 or the p15 waveform in the present ma-
chine while the dynamic instruction word or other input
controlling voltage is applied to the anode of the other
diode D1 through terminal 33. This latter voltage is
supplied through the related manual setting switch 8§13,
S14 or S15 shown in FIG. 15, Both input voltage pulses
are negative-going but neither will be effective to depress
the potential of the control grid of valve V1 unless they
occur simultaneously for the reason that only when both
diodes are cut off will the common cathode point move
negatively. When this occurs, ie. when a Dash pulse
exists in the dynamic instruction word coincidental with
the particular digit position of the staticisor section con-
cerned, valve V1 is cut off at its suppressor grid and the
circuit is triggered.

Four alternative outputs are made available from this
staticisor element to provide controlling voltage levels
which, by appropriate selection, can have desired values
for application to the various gate and other circuits
throughout the machine which determine the path of
transfer of any signal and also the particular form of
operation which is performed by the machine during any
one bar of operation. These four alternative outputs are
derived across the cathode load resistances of cathode
follower valves V3, V4, V5 and V6. Valve V3 derives
its controlling input from the suppressor grid of valve V2
while valve V4 similarly derives its controlling input from
the suppressor grid of valve V1 so that in the quiescent
(*0”) condition of the staticisor element when valve V1
is conducting to its anode the potential at the output
terminal 0/n (sup) of valve V3 is —60 volts whereas the
potential at the corresponding terminal 1/n (sup) of valve
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V4 is 0 volts. The diodes D3 and D4 are provided to
fix the zero voltage levels obtained at these output termi-
nals. When the staticisor element is triggered to the
opposite or “1” condition by the input of a dash or
equivalent potential to the anode of diode DI in coin-
cidence with the occurrence of a suitable negative volt-
age, e.g. the particular p pulse for the eclement at the
anode of diode D2, then the potential distributions are
reversed and the 1/n (sup) terminal falls to —60 volts
and the 0/n (sup) terminal rises to zero volts. The other
output terminals 0/n and 1/n are similarly fed through
the cathode follower valves V5 and V6 from tapping
points on potential divider networks of resistors R6, R7
and RS, R% connected between a source of negative
potential and the anodes of valves V1 and V2 respectively.
Diodes DS, D7 with their cathodes connected to a source
of positive potential (4118 volts) and diodes D6, D8
with their anodes returned to a source of negative poten-
tial (—14 volts) limit the excursions of the grids of valves
V5 and V6 with the result that in the quiescent or “0”
condition of the staticisor element the 8/n terminal is at
—10 volts and the 1/a terminal at -4-120 volts. These
conditions are similarly reversed when the element is
triggered to the “1” condition.

The L-Staticisor LST (FIG. 1b) comprises a plurality
of sections in similar manner to the F-Staticisor and the
circuit arrangement of each section is substantially iden-
tical with that of FIGURE 6 except that the four output
cathode follower valves V3, V4, V5 and V6 with their
associated diode circuits shown below the dotted line are
omitted and a single output is taken from the suppressor
grid of valve V2 to the associated switching valve of the
Y-Shift generator YSG. Such output from each staticisor
section is taken to the switching valve of the Y-scan gen-
erator by way of a gate circuit, G5 . . . G9, FIG. 15,
which is itself controlled by the Halver-A waveform so
as to be open only during action beats. In this way the
staticisor can be set up during a scan beat while the
normal sequential scanning raster is being provided by the
Y-scan generator and then rendered instantly effective
upon the latter at the beginning of the following action
beat. There are five such elements in the L-Staticisor
with the respective inputs to the anodes of their diodes
D2 comprised of the p0, the pl, the p2, the p3 and the p4
p-pulse waveforms so as to select the chosen address
defining digits of the dynamic instruction word. The
inputs to their respective diodes D1 are supplied in com-
mon with those of the F-Staticisor from the Staticisor
Switch SS through manual switches S0 to S4 like the
F-Staticisor, the presence of “1” dashes at any digit posi-
tion can be simulated in the manual operation condition
by the closure of the appropriate one of said manual
switches.

The switches S0-S4 and S13-S15 are provided so that
when the Staticisor Switch

SS

2

is in the manual position and the instruction word nor-
mally supplied from the control unit CL is replaced by
the Halver-A wave the presence of “1” digits is simulated
in all elements wherever the manual switch happens to
be closed so that opening of any manual switch simulates
the presence of an “0” at the corresponding digit position
with the consequent facility of setting up either staticisor
manually in any one of its various states so as to provide
any one of the corresponding function or address select-
ing controls.

The unit GYWG (FIG. 1) which provides the neces-
sary waveform to control the Instruction Gate IG and
also the waveform to shift the beam of the storage tube
25 of the control unit CL between one or the other of its
two alternative scanning levels to deal respectively with
the CI and PI words is shown in schematic form in FIG.
7. The portion of this circuit which generates the Y-Shift
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waveform for the cathode ray tube 25 comprises two cas-
cade connected trigger circuits 35 and 36 each comprising
flip-flop type arrangement iriggered in one direction by
one input and reset by a second separate input. The
trigger circuit 35 is set by each prepulse, i.e. the pulse
signal which initiates the operation bar of the machine
and shown in diagram (xvii) of FIG. 4 which is again
further reduced in its horizontal time scale as compared
with FIG. 3 in order to show several complete bar periods.
The circuit 35 is reset by negative-going pulses shown in
diagram (xix) of FIG. 4 obtained by differentiating the
Halver-S which is aiso redrawn in FIG. 4 in diagram
(xviii). The trigger circuit 35 provides two output wave-
forms which are respectively positive and negative-going
during the S1 beat immediately following a prepulse.
These waves are indicated at diagrams (xx) and (xxvi) of
FIG. 4 and are hereinafter referred to as the Si and the
Para-S1 waveforms. The S1 waveform is differentiated
and the negative-going pulse selected as shown in dia-
gram (xxi) of FIG. 4.
triggering input to the second trigger circuit 36 which is
again reset by differentiated Halver-S waveform of dia-
gram (xix). This resetting action is arranged to occur
at the end of Scan 2 beat by making the differentiation
of the S1 waveform with a slower time constant.
resultant waveform provided from one side of the trigger
circuit is as indicated in diagram (xxii) of FIG. 4 and
will hereinafter be referred to as the CL Y-Plate wave-
form.

A waveform as indicated in diagram (xxix) of FIG. 4 3

and hereinafter referred to as the Instruction Gate wave-
form is produced in a gate circuit 37 by feeding thereto
the Halver-A wave redrawn in diagram (xxv) of FIG. 4
and the combination of the paraphased S! waveform,
diagram (xxvi) from the trigger circuit 35 and the in-
verse form of the CL Y-Plate waveform available at the
output point 38 of trigger circuit 36 and shown in dia-
gram (xxvii) FIG. 4. The combined wave fed to the
input point 39 of the gate 37 will be of the form indi-
cated in diagram (xxviii) of FIG. 4 so that the output
wave from this gate, conditioned by the Halver-A wave-
form will be as indicated in diagram (xxix) of FIG, 4,
falling from the quiescent level of zero to —60 volts dur-
ing the S1 and S2 beat periods, This waveform is used
for application to the Instruction Gate IG so as to open
the latter during such scan beats.

FIG. 7 also includes the action waveform generator
AWG used to provide waveforms, hereinafter referred to
as the Action waveform and the Para-Action waveform
for cutting off the beam current in the cathode ray tubes
of the Accumulator A and control CL and also for con-
ditioning the Outward Transfer Gate OTG of the Main
Store MS.

Referring still to FIG. 7 the control Y-Plate waveform
available from the flip-flop circuit 36 is differentiated and
the resultant negative-going pulses corresponding to the
negative-going edges of the wave of diagram (xxii) of
FIG. 4 are fed to form one triggering input of a third
flip-flop circuit 4«0 while the inverted form of this wave
derived from the opposite side of the circuit 36 is simi-
larly differentiated and the resuitant negative-going pulscs
selected and fed by way of the Staticisor Switch

S8

2

also to the same triggering input of the circuit 46. When
the Staticisor Switch is closed, ie. in its auto-posiiion
there will, as shown in diagram (xxiii) of FIG. 4, be
negative pulses coincident with the commencemenis of
both the Action 1 and Action 2 beats whereas when such
switch is open in its manual condition there will be a
negative pulse only at the commencement of the Action 2
beat. The other triggering input to the circuit 40 com-
prises a differentiated version of the Halver-A waveform
which is illustrated in diagram (xxv) of FIG. 4 and acis

This pulse is then used as a
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to reset such trigger circuit by its negative-going pulses.
The resultant Action waveform output from the circuit
49 is shown iIn diagram (xix) of FIG. 4 for the auto-
matic operating condition and in diagram (xxxi) for the
manual operating condition. The inverse or para-phased
Action waveform also available from the opposite side
of the circuit 40 is illustrated in diagram (xxxii) for the
auto-condition. In the manual operating condition the
first or Action 1 beat portion is absent as shown in dotted
lines. The inhibition of this portion of the Action and
Para-Action waveforms during the Scan 1 beat is neces-
sary so that instructions set up manually in the staticisors
may be utilised and be obeyed once only by causing the
machine to perform a single operation. If this provision
were not made any instruction word set up manually on
the staticisors would be effective twice within a single bar,
It will also be observed that the presence of any Action
or Para-Action wave portions is dependent upon there
being a prepulse at the beginning of the bar,

The Action waveform is fed to the writing units of the
Accumulator and control regenerative loops which are
so arranged that their respective cathode ray tubes are
normally bright, i.e. operative, during all beats both scan
and action except those Action 1 and Action 2 beats in
which the Action wave departs from its quiescent level.
The Action waveform is not however applied directly to
the brightness control of the cathode ray tubes but is ap-
plied in each case through a multiple diode gate or similar
circuit which is controlled by potentials developed in the
F-Staticisor as a result of the setting of the latter in conse-
quence of the particular value of the instruction word
digits allotted thereto. Thus by arranging that the Action
wave fed to the Accumulator A is inhibited when the F
digits 14 and 15 are “1” and that the Action wave fed
to the control CL is inhibited when the same digits are
both “0,” certain required dark and bright conditions of
the Accumulator and control cathode ray tubes during
beats Action 1 and Action 2 may be realised as referred
to in detail later,

The Para-Action waveform fed to the Qutward Transfer
Gate OTG ensures that the gate is closed at all times ex-
cept when the Action waveform departs from the quies-
cent level during Action ! or Action 2 beats, In order
to comply with the requirements of certain instruction
digit combinations the outward transfer gate circuit is also
arranged to be capable of being inhibited by the staticised
F digits 14 and 15 of an instruction word whenever the
latter are both “1”, the Qutward Transfer Gate OTG thus
being opened only vpon coincidence of the paraphased
Action waveform and the staticised “0” digits in positions
14 and 15.

Reference will now be made to FIG. 8 of the drawings
which shows the circuit arrangements of the Siop and of
the Prepulse Units of FIG. 14. For the purpose of initial
explanation of the stop circnit which is shown at the bot-
tom part of FIG. 8 the prepulse circuit comprising
valves V10 to V13 and the associated diodes D11 to D15
will be considered as a device which will continue 1o
generate pulses, one at the commencement of each four
bzat interval so long as the controlling input terminal 42
of the prepulse switch PS is maintained at or above earth
potential. During normal automatic operation with the
prepulse switch in the on or closed position the cathode
of the cathcde follower valve V9 of the stop circuit is
maintained at a positive potesntial so that a continuous
train of prepulses is produced.

The Stop Unit itself consists of a trigger circuit ar-
rangement of valves V7 and V8 and associated diodes
D9 and D1€ which is normally maintained in the condi-
tion in which valve V7 is conducting by the negative pre-
pulses derived from valve V13 of the prepulse unit later
to be described. These negative-going prepulses are ap-
plizd to the grid of valve V8§ at the instants of the be-
ginning of each Scan 1 beat. The control grid of valve
Y7 is returned through suitable leak resistors R11, R12,
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R13 to output points of the F-Staticisor so selected that
when the particular F digit combination appropriate to
the signal to stop (actually 1, 1, 1 at the 13th, 14th and
15th digit positions as explained later) is set up during a
Scan 2 beat the trigger circuit of valves V7 and V8 is
caused to reverse so that valve V8 conducts and the po-
tential at the cathode of valve V9 falls below earth, there-
by inhibiting the operation of the Prepulse Unit. The
succeeding prepulse which would normally ensure that
the stop circuit was retriggered to the condition where
valve V8 is again cut off is thus not available and the stop
circuit remains in this stop condition indefinitely until a
single prepulse is caused to issue manually by operation
of the key KSP and thus causing the circuit to be re-
triggered. The Stop Lamp SU is associated with the
anode circuit of valve V8 as indicated so that when the
stop instruction is obeyed and valve V8 is conducting, the
lamp is illuminated.

The circuit of the Prepulse Unit has to perform the
functions of releasing a continuous train of prepulses when
the prepulse switch PS is in the on or closed position and,
whenever the switch is in the off or open position, of
releasing a single prepulse only whenever the key KSP
is operated. The waveforms related to the understand-
ing of this prepulse circuit are shown in FIG. 4. The
Halver-A wave, FIG. 4 diagram (xxv), which is nega-
tive-going during scan beats is differentiated to produce
the negative-going pulse wave of diagram (xxxiii), FIG.
4, at the anode of diode D15. The positive pulses resuli-
ing from the differentiation are removed by the conduc-
tion of diodes D13 and DI15. Any one of these negative
pulses at the anode of diode D15 could be employed as
a prepulse since they are of the correct timing, occurring
at the beginning of every scan beat. They are however
normally prevented from reaching the output terminal 43
which is fed by way of the cathode follower valve V13,
by reason of the fact that the diode D1§ forms a part
of a diode gate circuit including diodes D12 and D13
and that diode Di2 is held conducting by the standing
potential of the suppressor grid of valve V11.

Valves V11 and V12 and their associated diodes D11,
D12 and D13 form a trigger circuit which is normally
held in the condition in which valve V11 is conducting
by the application to the control grid of valve V12 of
the ‘negative pulses, shown in diagram (xxxvi) of FIG.
4, obtained by the differentiation of the Counter 0 wave-
form illustrated in FIG. 4 (xxxiv) and derived from
that portion of the Y-Shift generator YSG. The positive
pulses of the differentiated wave are ineffective since the
erid of valve V12 is already at zero potential. The valve
V10 which is conducting to its screen when the prepulse
switch PS is in the closed or ON position, has the differ-
entiated Counter 0 waveform of diagram (xxxiv), FIG.
4, applied to its suppressor grid but only the positive pulses
are effective owing to the negative bias applied to the
suppressor grid. The anode waveform of vaive V10 in
this condition is shown in diagram (xxxvii) of FIG. 4
and these negative pulses, which are fed to the control
grid of valve V11 produce triggering of the circuit of
valves V11, V12 at the commencement of alternate
Action beats so that the waveform at the suppressor grid
of valve V11 is that shown in diagram (xxxviii) of
FIG. 4, the circuit being retriggered by the negative pulses
of the differentiated Counter 0 waveform as previously
explained. The negative-going square wave at the sup-
pressor grid of valve V11 effectively forms a gating wave-
form which operates to open the diode gate of D12 and
D15 so that the differentiated Halver-A waveform pulses
which occur within the gate intervals are passed by way
of the cathode follower valve V13 to the output terminal
43 as prepulses.

When the prepulse switch PS is in the OFF or open
position the valve V10 and the diode D14 and the resistors
R14, R15 and the capacitor C1 form a single pulse circuit
which permits the circuit of valves V11 and V12 to be
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triggered once only for each operation of the single pre-
pulse key KSP irrespective of any bounce in the contacts
of that key. It will be appreciated that as the time in-
tervals between successive pulses of the waveform of
diagram (xxxiii) of FIG. 4 is of the order of 0.5 milli-
second bounce of the contacts of key KSP, simulating re-
peated operation might cause several prepulses to be re-
leased. The negative bias potential provided by way of
resistor R15 serves to maintain the valve V10 cut off
while the potential at the anode of diode D14 is held just
above earth, the diode conducting by virtue of the con-
nection of its anode through the normally closed contact
of key KSP and resistor R14 to a positive potential source
and its cathode being held approximately 5 volts positive
by the connection thereof to the cathode of the output
cathode follower valve V13.

When the key KSP is operated it may be assumed to
bounce so that the closed periods of the normally open
contacts are, for instance, as indicated in diagram (xxxix)
of FIG. 4. When the key KSP is operated the positive
potential supply by way of resistor R14 is disconnected
and the potential across the capacitor C1 falls to earth
as soon as the normally open contacts close as indicated
in diagram (x!) of FIG. 4 (thereby cutting off the diode
D14) and thereafter falls at a slower rate towards —10
volts as the capacitor discharges through resistor R1S5.
The time constant of resistor R15 and capacitor C1 is
made long compared with the time intervals involved
and the potential at the anode of diode D14 may conse-
quently be considered to be steady at zero. During each
interval while the normally open contacts of key KSP are
making, the grid of the valve V1@ is thus raised to earth
potential as indicated in diagram (xli) of FIG. 4 and if
one of these intervals embraces one of the positive pulses
applied to the suppressor grid of valve V10, see diagram
(xxxv), FIG. 4, the circuit of valves V11 and V12 will
be triggered by the resulting negative pulse diagram (xlii}
of FIG. 4 produced at the anode of valve V10.

This circuit must operate so that a prepulse of less than
standard size is not emitted. The negative pulse at the
anode of valve V10 may be of any size from zero to full
amplitude depending upon the relative timing of the
bounce of key KSP and the Counter 0 waveform and ac-
cordingly will either trigger the circuit of valves V11 and
V12 or will not trigger it. If the pulse is sufficiently large
to trigger the circuit, as is indicated for the third bounce
of key KSP in diagram (x/ii) of FIG. 4, the next “possible
prepulse” is emitted at full size. If the pulse is insufficient
to trigger the circuit as is indicated for the second bounce
of key KSP in the same diagram, the disturbance produced
at the suppressor grid of valve V11 as indicated in dia-
gram (xliii) of FIG. 4 has passed before the next “pos-
sible prepulse” which is thus completely suppressed. The
production of an adequate pulse at the anode of valve V10
is bound to occur sooner or later whatever the particular
timing of the bounces of key KSP. The waveform pro-
duced at the suppressor grid of valve V11 indicated in dia-
gram (xliii) of FIG. 4 shows that the single long negative
pulse produced is able to open the diode gate of diodes
D12 and D15 and allow the single prepulse shown at x
in diagram (xvii) of FIG, 4 to be released. This single
negative-going pulse of approximately 20 volts amplitude
occurring at the cathode of valve V13 makes the diode
D14 conduct so that the potential at the anode of diode
D14 is immediately lowered with the result that the valve
V10 is held cut off as indicated in diagram (x/i} of FIG. 4
and no further prepulses may thereafter be released.

The circuit arrangement of the Test Unit TU (FIG. 1a4)
is also illustrated in schematic form in FIG. 7. A test
trigger circuit 50 has applied to one triggering input the
Action Trigger waveform of FIG. 4 (xxiii) or (xxiv),
which is employed to set the trigger circuit 40 which gen-
erates the Action waveform. The trigger pulses of this
waveform occur at the commencement of action beats



3,012,724

21

and maintain the test trigger circuit in the reset condition.
A gate circuit 51 is fed with the read output of the Accu-
mulator A and is contyolled by the p3%-pulse waveform
and also by the appropriate voltage levels from the F-
Staticisor FST corresponding to the function digit com-
bination 0, 1, 1, which, as described later, defines the Test
instruction. If therefore during the Action 2 beat follow-
ing the particular Scan 2 beat during which the Test in-
struction has controlled the F-Staticisor, a “1” digit exists
in the 40th digit position in the Accumulator (indicative,
as described later, of negative sign} the corresponding
digit pulse will be selected by the gate 51 and will pass
therethrough to set the trigger circuit 59 into a condiiion
which will be held until the end of the first beat of the
next bar, i.e. the end of the succeeding Scan 1 beat, in
automatic operation. The two cutput voltage levels ob-
tained from the trigger circuit 50 respectively control two
gate circulits 52 and 53 and the normal (reset) condition
of 58 is such that gate 52 is inhibited while gate 53 is
open. Gate 52 is fed with the p*-pulse waveform and gate
33 with a p®-pulse and both gates are also conditioned by
the Para S1 waveform, FIG. 4 (xxvi), derived from the
trigger circuit 35 so that normally a pO-pulse is released
during every Scan ! beat following a prepulse and pro-
vides the -1 write input during that beat to the adding
unit 30 associated with control unit CL. If however, the
test is performed and the 40th digit in the number in the
Accumulator A is a “1” (indicating that the number
is negative) then gate 52 is opened instead of gate 53
and a pl-pulse is released to the adding unit 30 to pro-
vide the 4-2 write input to cause selection of the next but
one instruction in the sequence stored in the Main Store
MS as is required by the result of the test and the nature
of the programme upon which the machine is operating.

The presence of a “1” digit in the p3 or most signifi-
cant digit position of a number as an indication of nega-
tive sign arises by reason of the use of a complement to
indicate negative or minus numbers. Assuming, as in the
present case, the maximum digit capacity of any one num-
ber line to be 40 digits.
cluded from normal arithmetical use as signifying the
existence or otherwise of 23%, then for any positive num-
ber it may be “0.” If now a positive number be sub-
tracted either from zero or from another number of lesser
magnitude, then the normal “carry” procedure will auto-
matically result in such 40th digit becoming “1.” For
example:

from—0000 [ 0000
subtract—1010 _ e 1100
answer—1101 _____ 0011

By gating out such 40th digit in the manner describsd
above in connection with the Test Unit TU, the presence
of a negative number is immediately notified.

Stimulation of the various ¢lements of the machine of
FIGS. 1a and 15 by the staticised function digits is ob-
tained by connecting the appropriate points in these ele-
ments {generally the controlling terminals of decoding
valves such as that referred to in connection with valve
V114 of FIG. 22 or the anodes or multiple diode gate
circuits such as those of diodes D1, D2 of FIG. 6) to
the appropriate output terminals 0/13 etc., of the F-Stati-
cisor. By providing the required number of diodes and
connecting them to the correct selection of staticisor out-
put points the gate may be caused to open for any de-
sired combination of function digits. The function digit
combinations required to simulate the various elements
of the machine are indicated in FIGS. la and 14 by
numbered input connections (e.g. 1/13 or 0/13) on
those elements.

The S erase waveform SEG for the Main Store MS
comprises a suitable multiple gate circuit, for example a
multiple diode gate supplied as its controlled input and
output with the Para-Action waveform of diagram
(xxxii) FiG. 4. The passage of such waveform through

If the last or 40th digit be ex- °
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the gate is inhibited however at all times except when
appropriate voltages are applied to each of the control-
ling input terminals from the F-Staticisor FST in accord-
ance with the markings thereon (1/13, 1/14, 1/15),
namely whenever the digit “1” occurs in the function
portion of the instruction word setting up the p13 and pl4
sections thereof and the digit “0” occurs to set up the pl3
section. Such Para-Action waveform is accordingly only
available when the digits 110 are supplied to the F-Stati-
cisor FST. When supplied such waveform comprises
negative-going operative portions during both Action 1
and Action 2 beats of automatic operation and Action
beats only during manual operation. When applied to
the read unit 13 of the main store it serves to break the
regenerative loop of the latter, e.g. by application to the
suppressor grid of a valve therein, and thus to inhibit the
re-writing in the tube 10 of any Dash signals arriving
from the pick-up plate 11; in consequence such Dash
(or “1”) digits are automatically replaced by Dot (or
“0”) digits so that the line being scanned becomes com-
posed entirely of Dot or “0” digits. In this connection
it must be remembered that in the dynamic form of each
number or instruction word only the *1” digits are pres-
ent in the form of dash pulses, the absence of a pulse sig-
nifying ¥0.” The A and CL erase waveform generator
ACEG serving the Accumulator A and the control unit
CL is substantially similar to the unit SEG described
above, but, by appropriate arrangement and connection
of its gate control terminals to the F-Staticisor as marked
(0/13, 9/15), provides the Para-Action waveform as its
output only whenever the function portion of the instruc-
tion word is “0" at both the p13 and pl5 positions. It
will therefore be operated only by the function digit com-
binations of 000 and 010.

The Iastruction Gate IG (FIG. 1«) comprises, again
any convenient and suitable form of gate circuit, e.c. a
diede type coincidence gate as described in connection
with diodes DE, D2 of FIG. 6 but needs only the applica-
tion of the Instruction Gate waveform of diagram (xxix)
FIG. 4 to open it. 1t is therefore open during the Scan 1
and Scan 2 beats iminediately following each prepulse.

The Inward Transfer Gate ITG (FIG. 1h) which con-
trols the supply of external signals to the Main Store MS
again comprises a gate circuit, e.g. similar to those already
referred to. This gate is normally controlled by the erase
or Para-Action waveform supplied through the S erase
generator SEG. 1t is accordingly usually opened only
when the function digits 110 are supplied to the F-Stati-
cisor and then only during Action 1 and Action 2 beats.
It can, however, be supplied under certain special circum-
stances with other eperating or stimulating voltages as
described later.

The Outward Transfer Gate OTG 1is generally similar
to the other gating arrangements but requires as its stimu-
lating or opening control, the simultaneous provision of
the negative-going portions of the Para-Action waveform
and of a voltage derived from either (or both) of the
p13 and p15 sections of the F-Staticisor. In consequence
this gate will be opened only during Action 1 and Action
2 beats for each function digit combination except 011
and 111.

The Main Store MS (FIG. 14) has its cathode ray tube
beam bright or operative during all beats and under all
function conditions but the beams of the cathode ray
tubes of the Accumulator A and the control unit CL,
while bright during all scan beats, require to be darkened
or made inoperative during certain action beats under cer-
tain function conditions. The requisite control is ef-
fected by supplying the Action waveform of diagrams
(xxx) or (xxxi) FIG. 4 as a beam suppressing medium
to the respective write units 20 and 29 through gate cir-
cuits which are normally open but which are closed by
veltages derived from the F-Staticisor FST. In the case
of the Accumuiator A, the operation of either of the p14
or pl5 sections of the F-Staticisor by a digit “1” is suffi-
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cient to close the gate and prevent darkening of the tube
beam so that this Accumulator is operative for all F
digit combinations except 000 and 100. The control unit
CL requires the existence of a “0” digit at both the p14
and p1$5 sections of the F-Staticisor before brightening of
the beam takes place and in consequence the contro! unit
will be inoperative for all digit combinations except 000
and 100.

The remaining elements of the machine of FIGS. 1a
and 1b not so far described in detail will be apparent
when detailed consideration is given later to the manner
of operation under various function conditions.

In order to understand in detail how the machine op-
erates when carrying out the various types of operation
of which it is capable, it is desirable to re-examine the
fundamental 4-beat rhythm of operation and the manner
in which this determines the cyclic alternation between
the C.I. and P.I. lines of the control unit CL. The
events occurring during the two scan (S; and S;) and
the two action (A;; and Aj) beats of a normal bar are
indicated below while the nature of the transverse (Y)
deflection wave which must be applied to the control tube
is shown in diagram (xxii), FIG. 3. The timing of the
prepulse is also indicated in diagram (xvii) of the same
figure as are the blackout or flyback intervals (b.o.) which
occur during the first portion of each beat.

In beat S;—C.1. line is operative.

In beat A;—P.L line is operative for writing.

In beat Sg—P.I. line is operative for reading.

In beat A,—C.I, line is operative if it is necessary to
write any new information into that line for control
transfer.

It is assumed that the machine has just completed
obeying the instruction which is in address n of the Main
Store MS and that the number n is therefore held on
the C.I line of control unit CL. (Note: the 1st to 5th
digits of each instruction word which select an address
in MS, being arranged at one end of the 40 digit word
define the binary-digital number in the raster sequence,
of the line in MS forming the address.) At the begin-
ning of the first beat (S,) the prepulse is given and
causes the +1 or 42 signal to be released and passed
to the adding unit 30 in the regenerative loop of the
control unit CL so that 1 or 2 is added to the control
instruction (n) on the C.I line of the tube 25 and the
number n-1 or n4-2 is made available immediately at
a read output from the control unit and is fed by way
of the Imstruction Gate IG to the L and F-Staticisors.
(Note: The 14th to 16th digits of the control instruction
on line C.I. of the tube 25 selected by the F-Staticisor
will all be “0”s). During the next beat (A,) the in-
struction held in address n+1 or n4-2 of the Main Store
MS is read out and transferred to the P.I. line of the
control unit CL, being written over any word existing
in that location. During the third beat (S;) the present
instruction held on the P.I. line is read out and fed to
the L and F-Staticisors. During the fourth beat (Aj)
the present instruction n+1 or n+42 is obeyed, a word
or number transfer into or out of the selected address
in the Main Store MS as defined by the setting of the
1-Staticisor occurring, and the type of operation per-
formed with the transferred word being as defined by
the digits set up on the F-Staticisor. During the S; and
S, beats of the above sequence regeneration will be oc-
curring in the Main Store MS and also in the Accumu-
lator Store in the normal manner. The word transfer
occurring during beat Ay may be between MS and the Ac-
cumulator A or, if a transfer of control is being effected,
from MS to control unit CL.

It will be seen by reference to FIGS. 1z and 1b that
the read output from Main Store MS is fed via the
Outward Transfer Gate OTG to the writing inputs of
both Accumulator A and control unit CL while the writ-
ing input to MS via the Inward Transfer Gate ITG can
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come only from A or the typewriter TPR. The writing
input of control unit CL is provided only by the read
output from Main Store MS or the +1 or 42 signal
from Test Unit TU while the read output of the control
unit CL via the Instruction Gate IG is required to go
only to the staticisors LST and FST. In order to obtain
the desired word transfers from any particular instruc-
tion the undesired routes which might be followed by
a word may be inhibited either by closing a transfer
gate in the path or by arranging that the beam of an
undesired cathode ray tube store which is receiving the
word is blacked out. Similarly, an undesired read out-
put from a store may be suppressed by closing an out-
ward transfer gate or blacking out the cathode ray tube,
or by inhibiting the regenerative loop of the store by
application of an appropriate erase waveform e.g. to
the suppressor grid of the first valve in the gate circuit
of the regenerative loop (the reading unit) if it is re-
quired to do this for other reasons. In the same man-
ner, when a word is fed as a writing input to a store
it may replace any existing content of the active address
in the store if an erasing wave is simultaneously fed to
the store regenerative loop, while if the erasing action
is not caused to take place and an arithmetical circuit
is included in the regenerative loop, then the word
written into the store will be the result of an arithmetic
operation between the number fed to the store and the
number pre-existing in the store.

Before proceeding to an understanding of the further
controlling operations occurring within the machine
which are concerned with the distinctions between differ-
ing types of instructions, it is necessary to consider the
instructions which the machine is designed to handle.
The relatively simple machine as described, embodying
a single computing circuit (subtractor) in the arithmetic
organ or Accumulator A is arranged to perform seven
different operations and these are denoted in symbolic
form by indicating the source of the transferred word
and its destination together with any arithmetic sign
necessary to imply any arithmetic process which may
simultaneously occur. Thus the contents of any par-
ticular address which forms the words being transferred
is indicated by a small letter while the actual addresses
are indicated by capital letters, e.g. s, @, c represent
words derived from a specific address in the Main Store
MS or from the Accumulator A or control C.

The seven instructions, which for convenience are num-
bered 0, 1, 2, 3, 4, 6 and 7 as these are the numbers
which are represented in binary notation by the com-
binations of three (14th, 15th and 16th) function digits
selected to specify them, are as follows:

Instruction 0 (signalled by function number 000): s, C

The content of a selected line in the Main Store MS is
to be written into the operative (C.I. or P.L) line of the
control unit CL, replacing any existing word on that line.

To perform this instruction the tube 25 of the con-
trol unit CL must be bright, the tube 16 of the Ac-
cumulator A (which is fed in paralle] with the control
unit) must be dark, the Outward Transfer Gate OTG
must be open, the A and CL erase waveform generator
ACEG must be operative to suspend the regenerative
loop in the read unit 28 of the control unit CL and the
S erase waveform SEG must not be operative while the
gate TG must be closed.

Instruction 1 (signalled by function number 100): c+s, C

The content of a selected line in the Main Store MS
is to be added to the contents of the C.I. line of controf
unit CL, the sum c+s being written into such C.I. line.

To perform this instruction the tube 25 of control unit
CL must be bright, that of the Accumulator A must
be dark, the gate OTG must be open, gate ITG must be
closed and neither of the erase waveform generators
ACEG or SEG must be operative.
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Instruction 2 (signalled by function number 010): s, A

The representation of minus the content of a selected
line in the Main Store MS is to be written into the Ac-
cumulator A, replacing any existing word in A. The
minus significance (represented by the complement of
the number) arises as previously explained from the
operation of the subtractor circuit 21. Arrangements
could be made, by providing an alternative writing input
to the regenerative loop at the output end of the sub-
tractor circuit, so that positive numbers could be written
into the accumulator store. The added complexity is
not justified however as with the simple subtractor both
addition and subtraction and also the conversion to posi-
tive numbers may be obiained with simple programme
arrangements. All these facilities could not be so simply
obtained if an adding circuit was employed in place of
the subtractor.

To perform this instruction, the tube 25 of the con-
trol unit CL must be dark, that ol Accumulator A must
be bright, gate OTG must be open, erase waveform gen-
erator ACEG must be operative, generator SEG inop-
erative and gate ITG closed.

Instruction 3 (signalled by function number 110): a, §

The content of the Accumulator A is to be writfen
into a selected line in the Main Store MS, replacing any
word which mav exist in such selected address.

To perform this instruction the control unit tube 25

must be dark, the Accumulator tube 16 must be bright,

gate OTG may be open, the erase waveform generator
ACEG must be inoperative, the generator SEG must be
operative and the gate TG must be open.

Instruction 4 (signalled by function number 001): a—s, A

The content of the selected line in the Main Store
MS is to be fed to the subtracting circuit 21 of the Ac-
cumulator A where it is to be subtracted from the num-
ber existing in the Accumulator and the difference, a—s,
is to be written into the Accumulator in place of a.

To perform this instruction the tube 25 of control unit
CL must be dark, that of Accumulator A must be bright,
neither erase waveform generator must be operative, the
gate OTG must be open and the gate ITG must be
closed.

Instruction 6 (signalled by function number 011): Test

In this machine the test instruction must cause the
number existing in thz Accumulator A to be tested for
sign 1o determine, for example, whether or not a trans-

fer of control is required. As already explained the :

digit of highest significance (p39) is always “0” for
positive numbers and “1” for negative numbers. The
test instruction thus requires the content of Accumulator
A to be read out and the 40th digit selected by pulse
P in the Test Unit TU where the existence of a “1”
digit in such 40th place must cause substitution of the
+-2 signal for the normal 41 signal at the start of the
next bar.

To perform this instruction the tube 25 of the control
unit CL must be dark, that of Accomulator A bright,
the gates OTG and ITG must be closed and neither
erase waveform generatcr ACEG or SEG must be op-
erative.

Instruction 7 (signalled by function number 111): Stop

This instruction causes the Stop Unit SU to be stimu-
lated to prevent the emission of further prepulse signals
by unit PPU and thus to stop the operation of the ma-
chine. No word transference occurs as a result of this
instruction,

To perform this instruction tube 25 of the control unit
CL must be dark. that of Accumulator A bright, gates
OTG and ITG must be closed and neither erase wave-
form generator ACEG or SEG must be opcrative.

1t should be noted that the various conditions described
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above apply to action beats only and that furthermore
during Action 1 beats the function digits of the op-
erative instruction are always 000, i.e. instruction 0 or
s, C which results in the selected present instruction
word being transferred from the Main Store MS to the
P.I. line of control unit CL. During all scan beats the
contents of Main Store MS must be regenerated with-
out a writing input being provided or a read output be-
ing fed to the remainder of the machine and similarly
during such scan beats the contents of Accumulator A
must be regenerated without interference by a writing
input and without causing a read output to interfere with
the machine. During all four beats one or other line
of the control unit CL is active but a read output must
only be taken via the Instruction Gate IG during the
scan beats.

The manner in which the various voltages provided
by the F-Staticisor FST set up the required routes and
operational controls will be apparent by inspection of
the various marked stimulating terminals on the various
elements of FIGS. 1a and 15.

Cleaning the Main Store MS and the Accumulator A
of all recorded data when required is effected by keys
KSC (FIG. 14} and KCC (FIG. 1g) respectively which,
when operated, connsct the crase input terminals of the
reading units 13 and 19 of the MS and A regenerative
loops to a source of nagative bias {(—150 volts). The
keys in the non-operated position connect the erasc inputs
to the corresponding erase waveform generators.

The method whereby information is initially written
into the Main Store MS, the operation of the mechanism
which enables selected portions of information recorded
in the Main Store MS to be erased at will and the manner
in which an instruction may be set-up and obeyed man-
nally, will now be described. Fundamentally, manual
writing in the main store takes place by releasing to the
write input of the store regenerative loop appropriate
p-pulses while the desired address line in the store is
being scanned by the cathode ray tube beam. It is
therefore necessary to feed the p-pulses during action
beats when the desired address line can be made active.
During the intervening scan beats the store will be re-
generating in the normal manner. Another point of
importance in the process of manual writing is that the
process is very slow compared with the speed of op-
eration of the store, being limited by the manual dexterity
with which writing switches or keys may be operated,
and that therefore the time occupied in writing a word
into a given address line may occupy a very large number
of action beats.

In order to write a word into a particnlar address
line of the main store MS, the Staticisor Switch

S8
2

of FIGS. la and 15 is moved to the Manual position
which results in the digital pulses inputs to the gate cir-
cuits of the L-Staticisor LST, via switches S;~S;, being
replaced by the Halver-A waveform (0 volts during
action beats and —60 volts during scan beats) and also
results in the modification to the Action waveform, pre-
viously explained which prevents the Action waveforms,
the Instruction Gate waveforms or the erase waveform
from departing from their resting levels during A, beats.
The machine is thus quiescent during A, beats in Manual
operation and this provision is made as the S; and A,
beats, in normal operation, are consumed in the utilisa-
tion or obeying of the control instruction and in Manual
operation this function does not exist. By selective clo-
sure of switches S,-S, in a manner repressnting in
binary notation the number of the selected address line
in S, the Halver-A waveform fed to the selected statici-
sor gates has the same effect as “1” digit pulses in the
automatic mode of operation and the desired line of the
Main Store MS is made active during all action beats
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while the switches remain in the positions set. The
typewriter comprises keys Ko-Kgp (FIG. la) each of
which is connected to the corresponding p-pulse source
so that in the common output channel from such switches
is obtained during every beat a train of p-pulses con-
taining only those pulses selected by closure of switches.
If no buffer devices are provided on the outputs from
the p-pulse sources only one typewriter key may be op-
erated at a time and trains of individual p-pulses will
occur in the output channel for the operated intervals
of the corresponding keys. The selected p-pulses are
fed to the Inward Transfer Gate ITG during all beats,
but as writing into the Main Store MS from the type-
writer or the Accumulator (the only other possible source
with this machine) must only occur when the erase
input of the MS regenerative loop is stimulated it is con-
venient to arrange that the S Inward Transfer Gate can
be opened only by the waveform which is fed to the eras-
ing input terminal of the MS regenerative loop and is
inhibited at all other times. The controlling input for
the transfer gate is thus provided by a conmection to the
S erase waveform generator via normally closed contacts
of a key KLC and a Write/Erase switch W/E which
is closed in the Write position. To provide the facility
of manual erasing and writing in of individual digits on
the selected address line, the p-pulses obtained from
the typewriter are amplified at 55 and fed, via a gate
56 which is opened during action beats only by the
Halver-A waveform to the erase input of the regenera-
tive loop where they provide an erasing wave additional
to any provided by the S erase waveform generator.
When therefore the switch W/E is placed in the Erase
position the Inward Transfer Gate is not opened and
the amplified p-pulses inhibit the regenerative loop and
erase any “1" digits in the corresponding positions on
the line. The function of the gate 56 controlled by the
Halver-A waveform is to ensure that only digits on the
action line are erased. In order to clear the whole of
one selected line the key
KILC

2

is provided with a pair of normally open contacts through
which the Halver-A waveform is supplied so that when
key

KLC

—_—

2

is thrown the Inward Transfer Gate ITG remains inhib-
ited for all action beats while the erase input to the write
unit 14 is stimulated for the entire duration of each action
beat. In order to clear the whele store, irrespective of
line selection, the key KSC is provided which when
thrown connects the erase input to a D.C. source of —150
volts which inhibits the regenerative loop of the Main
Store MS during all beats.

The manner in which the machine may be caused to
obey single instructions set up manually will now be
apparent. With the Staticisor Switch

$S
2

in the Manual position no data can be fed to cither of
staticisors LST or FST from the control unit CL and such
staticisors may both be set by operation of their manual
control switches Sp-S; and S,5-S;5 to select a desired ad-
dress in the Main Store MS and also to record the F digit
combination which corresponds to the instruction which it
is desired to carry out. A single prepulse may then be
released to the machine by operation of the key KSP
associated with the Prepulse Unit PPU and the machine
will then execute a single bar within which the instruc-
tion which was manually set in is obeyed.

The machine described is provided with only one
arithmetic circuit, a subtractor. As has already been
indicated, by suitable programming, i.e. arrangement of
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sequences of instructions, this arithmetic device may be
emploved to perform any other required arithmetic op-
erations. For example to add together two numbers the
following sequence of instruction (using the symbolic
notation previously explained) may be carried out to
obtain in an address in the Main Store MS the sum x-y
of two numbers x and y which are separately held in other
addresses in the Main Store. The numbers in the right
hand column represent the actual number existing in the
address when the instruction has been completed:

—x, A —X
a—y, A —(x+y)
a, S —(x+¥}
- A x+y
a, S x+y

Thus any of the more complex operations which can
be broken down into repeated additions or subtractions
can be performed. However in other and more elabo-
rate embodiments of the invention alternative arithmetic
circuits may be provided to give facilities such, for ex-
ample, as multiplication. The selection of these circuits
may be performed in obvious fashion by the employ-
ment of additional F digits in the instruction words in
conjunction with suitably modified construction of
F-Staticisor and gauging and inhibition devices,

Numerous modifications and elaborations of the par-
ticular arrangements described may clearly be made.
For instance, the Main Store MS will normally com-
prise more than one cathode-ray tube storage device all
of which will be supplied in paraliel with both X and Y
deflection waveforms but only a selected one of which
will have its beam brightened while the rest remain
dark under the control of the L-Staticisor, if necessary,
with the use of one or more additional () or tube-
selecting digits in the address selecting portion of each
instruction word as described later with reference to
FIG. 22. Similarly an adding or multiplying or divid-
ing circuit may be incorporated in the arithmetic unit or
Accumulator A or means such as gate circuits provided
for selecting any one of a number of such circuits at
wil] under the control of the F-Staticisor. Some forms
of such alternative devices, for instance, a multiplving
circuit, may require more than the Action 2 beat to com-
plete its operation and in such event, arrangements may
be made for the bar to be extended to include an addi-
tional beat after such Action 2 beat before the next pre-
pulse is given. In such case the Action waveform, the
CL-Y Plate waveform and others retain the level at
which they exist during the Action 2 beat.

As already indicated each of the instruction words
which define the address within a store from or to which
a number is to be transferred and which also define the
operation to be performed with or upon such number
need only relatively few digits compared with the num-
bers themselves. In the simple machine just described
it has been assumed that the storage capacity required
is such that addresses therein may be defined by only
five digits while three digits is sufficient to define the
function required.

Even with more complex universal machines it is un-
likely that more than 13 digits will be required for the
address selection and about 7 digits for the function
contro] so that a word of 20 significant digits will be suf-
ficient to express any instruction. The use of one
unique address or line of a store which is itself capable
of holding, at each address, 40 significant digits for the
retention of only one instruction word therefore results
in substantial wastage of the available storage capacity.
The wastage may be reduced or avoided by utilising each
storage address to contain two or even more instruction
words.

FIGURES 10, 11 and 12a, 12b of the drawings illus-
trate the form of modification to the machine previously
described in order to provide this facility.

In the operation of the computing machine previously
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described with reference to F1GS. la and 15 all instruc-
tions to be obeyed are held in the Main Store MS and
are extracted as required to provide present insiructions
under the control of a control instruction number held
in the control unit CL. The control instruction num-
ber has only to specify the address in the Main Store
of the corresponding present instruction and it theretore
follows that the control instruction number is the same
as the number of the line in the Main Store forming such
address of the present instruction.

Consider now the case in which each line, 0, 1, 2, 3
of the raster on a cathode ray tube stores two instruc-
tions, the instructions being numbered sequentially, as
indicated in FIGURE 10, It will be obvious that if the
numbers of the inmstructions are represented in binary
notation then the digit of least significance, “C” will de-
fine in which column the instruction word is located.
Instruction words located in the left hand column have
C=0 while right hand instructions have C=1. It will
also be apparent that the digits of the number of the
instructions, other than such least significant or C digits,
will define the lines upon which the instruction words
are located. Thus (using the previous reading method
of from left to right) instructions 0 and 1 (000000 and
100000) are both on line 0 (00000) while instructions
8 and 9 (000160 and 100100) are both on line 4 (00100).
If more than two instruction words are stored upon
each line, then more than one digit will be required to
define the column, and if the number of columns is ar-
ranged to be an integral power of 2 then the remaining
digits in the number of the instruction will still define
the line as explained above.

The action of a four-beat computing machine in which
two instructions are recorded per line in the Main Store
will thus be as already described in connection with
FIGS. 1a and 1b. The sequence of operations during
one bar of operation and various relevant timing wave-
forms are indicated schematically in FIGURE 11. Dur-
ing the second beat (Al) of the bar the content of the
chosen line in the Main Store MS (i.e. two complete
instruction words), as selected by the control instruction
word, is read out and is wriiten into the present instruc-
tion (PI) line of comtrol unit CL. During the third
beat (S,;) however only that portion of the multiple in-

formation recorded on the P.I. line which corresponds |,

to the required instruction word must be permitted to
control the staticisors LST and FST when the P.I, line
is scanned so that such staticisors are set up by the de-
sired instruction word only, which is then obeyed dur-
ing the succeeding (A;) beat. The determination wheth-
er the machine is to obey the first or the second half of
the multiple instruction is made by the first digit of the
control instruction word which was fed to the same
staticisors during the first beat (5;) and to do this the
information that this particular digit is a “0” or a “1"
must be stored until the end of the third beat (S;) upon
a special trigger circuit or staticisor element referred
to hereinafter as the Fy staticisor. The circuit arrange-
ment of such F; staticisor and other elements concerned
with the double instruction operation are indicated in
FIGS. 12a and 12b. This F, staticisor FOST comprises
the trigger circuit of valves V17, V18 with their associ-
ated cathode follower output valves V19, V20 and limit-
ing diodes and an “and” or coincidence gate constituted
by diodes D17, D18 and D19, The trigger circuit
V17, V18 is normally, i.e. when quiescent, in the con-
dition with valve V17 conducting to its anode and is
triggered to its opposite state only by the presence of a
“1" pulse in the first digit position of the C.I. word
read out from the C.I, line of control unit CL during
beat S; and for this purpose the C.I. word is fed to the
diode D17 of the gate circuit where the first digit of such
C.1. word is selected by the simultaneous application of
a pO-pulse to diode D18 and the Para-S1 waveform
(FIG. 4—xxvi) to diode D19. As already explained
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the four-beat operation requires the scanning of the two
lines of the control unit tube C.1. and P.1. to alternate
and this is effected by the CL Y-Plate waveform of FIG.
4 (xxiz) which is shown inverted at FIG. 11 (/i), and it
is to ensure that the digit selected by the gate and fed
to the F, staticisor is obtained from the C.I. word that
the gate is controlled also by Para-S1 waveform which
accordingly allows the gate to cpen during S, beats only,
The F; staticisor, if it has been triggered at all, is reset
at the end of beat S; of each bar by a pulse applied
to valve V18 and obtained by differentiating the nega-
tive-going edge of a suitable rectangular wave such as
that indicated in FIG. 11 (li#) and referred to as In-
verse Counter 0 (see FIG. 4, xxxiv). The voltage at
the suppressor grid of valve V17 is cathode followed by
valve V19 to provide an output controlling voltage, here-
inafter called the F, waveform, as indicated in FIG. 11
(liv) while the inverted version of this waveform, called
Inverse Fy waveform, is provided by cathode follower
valve V20 and is shown in diagram (Iv) FIG. 11.

The selection of the desired half of the double in-
struction stored upon the P.I. line of control unit CL is
effected by gating the read output of this unit during
beat Sy by means of the Instruction Gate IG which com-
prises in this instance, diodes D26, D21, D22 and cath-
ode follower valve V21 so that only the desired instruc-
tion word is fed to the staticisors from the cathode out-
put of the latter valve. The Instruction Gate waveform
which is fed to open or close this instruction gate is there-
fore not that derived from the unit GYWG as in FIG.
1 but must instead be of such a form, indicated in FIG.
11 (Ivi) or 11 (Iwvii) that the instruction gate is open dur-
ing beat S; from the instant of py to the back edge of
p1e (for C=0) or {from the front edge of py to the end
of the beat (for C==1). The control instruction word,
which when read out of the C.l. line of control unit CL,
has also to pass through the Instruction Gate IG during
beat S; has a length in a typical machine as previously
described of only 17 significant digits including one for
defining the column C, say 5 for defining the line (for
a 32 line raster) on the cathode ray tube of store MS
and 8 or so for defining the particular tube (for a Main
Store having 256 alternative tubes). No further subse-
quent digits must reach the staticisors for the Main Store
during the 8, beat and so it is convenient to arrange that
the Instruction Gate waveform, as indicated in FIG. 11
(Ivi) or (Ivii) selects the first 17 digits only during each
S; beat.

Such Instruction Gate waveform of FIG. 11 (Ivi) or
(Ivii) is generated by a two-state trigger circuit com-
prising the valves Vg,, Vy,, FIG. 126 and is derived from
the suppressor grid of valve Vg3 through cathode fol-
lower valve V4 to provide the Instruction Gate waveform
which is fed to the diode Dy of the Instruction Gate
IG. The diode Dy, in the Instruction Gate IG is also
fed with negative-going pulses which persist for the dot
or time base pause intervals so that the gate is inhibited
during those initial periods of the digit intervals when
some uncertainty as to the correct significance of a digit
may exist.

This trigger circuit of valves Vi, Vg, in which the
quiescent state is such that valve Vg, is conducting to its
anode, is triggered at the commencement of beat §; and
also whenever the column digit C=0, at the commence-
ment of beat S4 by the coincidence in an “and” gate of
diodes Dy, Day, Dgs and valve Vg, of the Inverse Fy,
the pO-pulse and the negative-going edge of the Halver-A
waveforms. When the column digit C==1 the circuit is
triggered at the front edge of py by coincidence in the
“and” gate of diodes Dyg~Dsyy and the valve Vg, of the
F0 waveform, the pg-pulse, the negative edge of
Halver-A and the CL Y-Shift waveforms. The outputs
from the two “and” gates are combined in a buffer cir-
cuit of diodes Djag, D;; and then fed to the control grid
of valve Vg3. Resetting of the trigger circuit at the back
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edge of py; during the beat s, is provided by coincidence
in a further “and” gate consisting of diode Dj3, Dy; and
valve Vg of a py;-pulse (which is first differentiated and
inverted in valve V) and the Para S1 waveform (FIG.
11—iii) of suitable polarity. Resetting of the circuit
at the back edge of pip-pulse when required (i.e. when
C=0) is provided by the differentiated and inverted
Pig-pulse provided by valve Vi The outputs from
valves Vg3 and Vay are combined in a buffer circuit (also
known as an “or” gate) of diodes Dgy, Dy and Dgg
which latter is fed with the Halver-S waveform which
resets the circuit when required at the end of beat §;
and normally maintains the circuit in the quiescent con-
dition.

The remaining modifications which have to be made
to the machine described in FIGS. la and 15 to enable
it to operate with two instructions recorded per line of
the main store, relate to the staticisors LST and FST.
Since the first digit of each control instruction word is
now used to control the selection of the right-hand or
left hand instruction on a line in the store the line selec-
tion itself is now performed by the second and subse-
quent digits of each control instruction word and those
portions of the staticisors LST, FST and Y-scan genera-
tor YSG which were previously controlled by the digits
of order 0, 1, 2, 3 . . . respectively must now be con-
trolled by the digits of order 1, 2, 3, 4 . . . respectively.
This change is easily effected by using the appropriate
p-pulses to control the gate circuits forming part of such
staticisors. Thus the gate previously controlled by the
pO-pulse is now controlled by the pl-pulse and so on.
As the present instruction words must control the same
address selecting mechanism as the control instruction
words it follows that the first digits of the P.I. words
are no longer usable for line selection. These digits
which are not used for line selection may however be
used for other purposes within the machine and are re-
ferred to as “b” digits. Therefore the second and cer-
tain subsequent digits of the P.I. words must control the
staticisors and Y-scan generator in the same manner
irrespective of whether the P.I. word occupies the left or
right-hand portion of the P.I. line of control. This
facility is readily provided by modifying the staticisor
connections so that a digit in position n or position 20--n
will trigger the same nth staticisor element. The meodi-
fication consists in arranging that each staticisor gate
circuit (e.g. the diode D2 in FIG. 6) is controlled by
either of two p-pulses pn and pn--20. The fact that
each staticisor element may be set by either of two digits
which may occur during a single beat of the machine
does not interfere with the correct operation as during
those beats when words are fed to the staticisors the
Instruction Gate IG is openmed for only one-half (or
less than one-half) of the beat and only one of the possi-
ble digits can reach each staticisor element.

In the forms of machine described above, a minimum
of four beats (S1, Al, S2 and A2) are required in every
bar in order to complete each operative cycle or step
in the calculation. By providing a separate store for
the instruction words required for use in the operation
it is, however, possible to interleave or have overlapping
of the initial beat of a subsequent bar with the later beat
of the bar immediately preceding it whereby the machine
effectively operates with a rhythm of two beats to a bar
with consequent material saving of time.

FIG. 9 illustrates in block schematic form the nature
of the modifications required in a machine of the type
already described with reference to FIGS. 1-8 in order
to provide such two beat-to-the-bar operation. TIn this
figure many of the components are substantially similar
to those of FIG. 1 and have accordingly been given cor-
responding references.

The machine in this modification comprises a Main
Store MS which, as in the previous embodiment, includes
one or more cathode-ray-tube storage units 10 of the type
referred to, and the necessary circuit arrangements for
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the regeneration of stored iniormation during scan beats
and for the writing into or reading out from a selected
address during any action beat. Inward and Outward
Transfer Gates ITG and OTG are provided as before
for feeding “words” to or from this store. Staticisor
MSTR is provided which, when fed during a scan beat
of the store MS with an instruction word in dynamic
form sets up the store address selection mechanism in-
cluding the Y-shift generator YSG which makes the se-
lected store address active during the succeeding action
beat, as previously explained. This staticisor may be
considered to comprise three units, a first or L unit which
corresponds to the L-Staticisor of FIG. 1 and which is
controlled by the I or Ist to 5th digits in the instruction
and which define the line of the tube raster correspond-
ing to the required address, a second or T-unit controlled
by the ¢ digits which define which cathode ray tube (when
more than one exists in the store) contains the desired
address, and a third or F-unit which corresponds to the
F-Staticisor of F1G. 1 and which is controlled by the f
or 14th to 16th digits of the instruction word, which
define the function to be performed.

The subsidiary instruction store IS is also of the cathode-
ray-tube type and is generally similar to the Main Store
MS but will in general have a considerably smaller stor-
age capacity. It has facilities for regeneration and is
provided with an inward writing gate IWG which enables
a group of instructions to be fed in, and an output in-
struction gate OIG, controlled by a suitably applied
wave-form, which enables the read output to be passed
out to the Main Store staticisor MSTR when required.
This store is provided with a staticisor ISTR which oper-
ates in the same manner as the staticisor MSTR except
that there is no function portion, and serves to select
during each scan beat of the instruction store 1S, with the
aid of a suitable Y-shift generator I'YSG the address in
such store of the instruction which is to become the
present instruction during the next (action) beat of the
store IS. Control of the I-staticisor IS is effected by a
number delivered from a control instruction store CIS
during the scan beat of the instruction store IS, the num-
ber being in effect the address in the instruction store of
the current instruction. The control instruction store
CIS is substantiaily similar to the control unit CL of
FIG. 1 and comprises a cathode-ray-tube storage unit
employing a single tube which is, however, arranged to
store on a single line only, a number defining the ad-
dress in IS of the present instruction. The store CIS is
provided with a regenerative loop in the normal manner,
to permit regeneration of the stored number as it is read
out, and included in the regenerative loop is an add unit
30 which operates as already described to add to the
number already existing in the store any number fed in
binary-digital form to an appropriate input of the add
unit so that the sum number is concurrently written into
the store in place of the original content. The number
to be added may be derived from the main store MS by
way of the Outward Transfer Gate OTG and gate CIG
when the number is required to be some arbitrary value
involved in a transfer of control but generally the num-
ber will be either 4-1 or 42 derived from the Test Unit
TU which is similar to that already described and is, as
before, controlled by prepulses which are, however, in
this case generated at the end of every 2-beat bar (ie.
at the end of each action beat of the store MS) by the
Prepulse Unit PPU. For this purpose the circuit of FIG.
8 may be supplied with the Halver-S waveform instead
of the Counter 0 waveform as previously.

Following the receipt of a prepulse the unit TU feeds
signals to the add unit 30 which cause one unit or two
units to be added to the content of store CIS. The selec-
tion of -1 or +2 for addition to the content of the store
CIS is determined as in the previous embodiment by
whether or not a conditional transfer of control is to be
produced in dependence upon the result of a test opera-
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tion also performed by the Test Unit TU. Normally, as
the sequence of instructions in store IS is being worked
through, the unit TU will be conditioned to cause a p0
pulse to be fed to the add unit 30 following each prepulse.

A single arithmetic orzan or Accumulator A is again
provided as in FIG. 1 and comprises a storage unit of
the cathode-ray-tube type and circuit arrangements which
permit a simple operation such as addition or multiplica-
tion or as actually shown and described previously, sub-
traction, to be carried out between numbers fed to the
accumulator as a result of separate instructions.

The routine of the operation of the machine when
loaded with numbers and a sequence of instructions is as
follows, assuming that an instruction in address n in the
store IS has been reached:

(1) When the instruction n has been obeyed a pre-
pulse is released by unit PPU and *1” is added to the
control instruction number n in the store CIS, the num-
ber n+1 becoming immediately available as a read output
from this store. This number n4-1 in dynamic form is fed
to the T staticisor ISTR.

(2) The present instruction in the selected address n1
of store IS then read out and fed by way of the outward
instruction gate OIG to the Main Store staticisor MSTR
which is thus set up to select a desired address in the
store MS and, at the same time, to condition any neces-
sary function circuits in precisely similar manner to
before.

(3) The present instruction is obeyed, a number being
read out of or written into the selected address in the
Main Store MS.

It will be apparent that, as during items (1) and (2)
“words” are being fed to staticisors which are set up
thereby, these items must occur during the scan beats of
stores IS and MS as their staticisors must be set up prior
to a sclected address being activated, as already explained.
However, in accordance with this present modification
the scan-action cycles of stores IS and MS are interleaved
so that the scan beats of store MS correspond with
the action beats of store IS and item (1) is therefore
carried out during a scan beat of store IS {which is an
action beat of store MS) and item (2) is carried out
during the next beat, an action of store IS (which is a
scan beat of store MS). Item (3) occurs during the next
or action beat of store MS and which corresponds to the
following scan beat of store IS.

The normal operating sequence is as follows: Referring
to successive bars as Bar 0, Bar 1 and so on and to the
respective beats in each bar as A in the Main Store and

8! in the instruction store for the first beat and as S in |

the Main Store and Al in the instruction store for the
second, the prepulse which is given at the commencement
of Bar 0 results in 41 being added to the number in CIS
so that the resultant number is fed out to the I staticisor

ISTR during the first beat, S! of store IS. Operating of 3

store MS during this beat is ignored for the time being.
During the next beat, S of MS and A! of IS, the present
instruction selected by the I-Staticisor ISTR is read out
from store IS and fed to the main Store staticisor MSTR.
The next prepulse which marks the termination of Bar 0
and the commencement of Bar 1 causes the I-Staticisor to
be reset. During the first beat, A of MS and S! of IS, of
the succeeding Bar 1 the present instruction set up on
the staticisor MSTR is obeyed, this instruction involving
a number transfer into or out of the selected address in
the main store MS, Simultaneously +1 is again added
to the number in CIS and the cycle of events repeated.
At the end of this beat, A of MS or St of IS, the staticisor
MSTR is reset. It is thus apparent that each instruction
is obeyed during the first beat of every bar, the necessary
preparation leading up to the obeying of the instruction,
being performed during the two beats of the preceding
bar.

The sequence of events and the formation of the two-
beat bar described above holds for those simple forms of
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instruction as already outlined in connection with the
first embodiment in which number transference between
Main Store and Accumulator occurs and which are com-
pleted within a single beat, namely instructions Nos. 2, 3
and 4,

The “Stop” instruction, which as already described, is
used to signal that a problom has been completed or has
reached a stage requiring intervention by a human opera-
tor can also be dealt with in a two-beat bar.

A form of instruction which may occur during the nor-
mal operation of the machine and which cannot be com-
pleted within the two-beat bar is that instruction which
requires multiplication to occur between a number fed
from the Main Store MS and a number existing in the
Accumulator A. Such a number transference from ad-
dress s of the Main Store to the Accumulator and the
resulting multiplication is ordered by an instruction which
may be denoted as 5, A(X). The function digits of this
instruction are arranged to operate in a manner analogous
to that already described for other function control pur-
poses in FIG. 1 and via the staticisor MSTR, a circuit
which inhibits the release of all prepulses, occurring after
the end of the beat S, within which the instruction was fed
to the staticisor MSTR, until the multiplier circuit of the
computer itself releases a prepuise at the beginning of the
first S! beat after multiplication is complete. For the pur-
poses of FIG. 9 it is assumed that the f digits of instruc-
tion 5, A(X) are 1.0.1. A multiplication circuit such as
that envisaged in this connection is disclosed in U.S.A.
patent specification No. 2,776,794.

The last type of instruction which the machine may be
required to perform, and which interferes with the two-
beat rhythm, is the test instruction which may result in a
modification of the content of the control instruction store
CiS in order to perform a transfer of control as previously
explained. Such an instruction results in the content of
the Accumulator A being tested to discover whether or
not it complies with some criterion, in general whether it
is greater or smaller than a given value or whether it is
positive or negative. The detailed circuit arrangements
required for carrying out the test are not indicated in
FIG. 9 but their nature will be similar to those of FIG. 1
and will be obvious to those skilled in the art. It will be
apparent that the function digits of the “test” instruction
must be such that during this A beat the content of the
accumulator is read out to the test circuit TU while the
read output or the write input of the Main Store MS is
suppressed by suitable operation upon the transfer gates
OTG and ITG.

The result of the “test” instruction is thus not known
antil the end (or possibly some intermediate instant) of
the A beat and if, for example, the content of Accumula-
tor A is negative and a backward transfer is not required,
-2 is required to be added to the existing number in store
CIS as previously explained. The requirement for the
addition of -+1 or 42 is not determined however until
the end of beat A, whereas the prepulse which normally
causes -1 to be added is given before the commence-
ment of such beat. It follows therefore that for the “test™
instruction the normal 2-beat rhythm must be interrupted.
This inhibition is produced by arranging that the f-digit
combination (e.g. 011) of the present instruction “test”
set up on the staticisor MSTR during the preceding S
beat inhibits the release of one prepulse from the Prepulse
Unit PPU. The circuit arrangement for producing this
inhibition is not shown in FIG. 9 but may be similar to
the corresponding circuit, which was previously referred
to and which is used to inhibit all prepulses when the
present instruction relates to a multiplication. In addition
to inhibiting the prepulse the “test” instruction must also
inhibit the read output from the instruction store IS during
the S beat following the A beat during which the actual
test involved in the “test” instruction has been carried out.
The inhibition of the read output of IS during this S beat
is effected by a suitable waveform, e.g. the Para S1 wave-
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form, fed to the instruction gate OIG which is thus only
conditioned to release an instruction during the S beat
following a prepulse. Hence no new present instruction
is set up on the staticisor MSTR during the bar which
commences with the beat A or S! during which the ad-
dress of the “test” instruction controls the I-Staticisor
ISTR, and this bar is extended to consist of four beats,
being terminated by the first prepulse to occur after the
single prepulse inhibited by the “test” instruction,

A type of instruction, such as that of previous instruc-
tion No. 1 or 2, denoted as s, C which causes the content
of store CIS to be modified by the addition (or subtrac-
tion) of a number (other than 1 or 2) derived from an
address in the Main Store MS, enables the transfers of
control by modification of the number in store CIS to be
carried out as previously described. This instruction may
be executed without interfering with the two-beat rhythm
if the +1 (p0-pulse) which is normally released by the
unit TU at the end of the S beat during which the present
instruction, s, C, controls the staticisor MSTR, is in-
hibited. This inhibition is controlled in similar manner
to that previously described by the particular f digits of
the present instruction acting upon a suitable gate circuit
associated with the unit TU. For the purposes of the
example it is assumed that the f digit combination corre-
sponding to the s, C instruction is 0, 0, 0. The £ digits of
the s, C instruction must also be effective, via suitable
gate circuits or storage tube inactivation circuits, to pre-
vent any read output from the Outward Transfer Gate
OTG reaching the Accumulator A, and similarly to pre-
vent any Accumulator A read output reaching the Main
Store MS, while ensuring that the output from the main
store Outward Transfer Gate OTG is fed to the control
instruction store add unit 30,

The provision of a separate store for the instruction
words as described in the last mentioned embodiment,
while advantageous in ailowing much of the operation of
the machine to take place in a rhythm of two beats to a
bar instead of four, may nevertheless give rise to incon-
venience in that such instruction store may require to be
of very conmsiderable storage capacity comparable with
that required for the number data, even if, as is quite
feasible, such instruction store is arranged to hold two or
more words in each address. Two large capacity stores
may thus be required instead of one, the previous Main
Store, holding both number and instruction data without
distinction. In this connection it should be remembered
that a single store equal in capacity to two stores of half
its capacity requires only a single staticisor having one ele-
ment more than each of the two separate staticisors re-
quired, one for each of the smaller stores.

FIGS. 13 and 14 illustrate a further modification of
the invention, more particularly of the two-beat arrange-
ment of FIG. 9, in which the instructions are stored in
such manner than they may be treated within the machine
as numbers while avoiding the necessity for providing an
instruction store of large capacity.

The machine illustrated in block schematic form in
FIG. 13 is basically the same as that aiready described
in conjunction with FIG. 9 and comprises a Main Store
MS with its Inward and Outward Transfer Gates ITG
and OTG, a staticisor MSTR for such Main Store, an
instruction store IS which is similar to the Main Store
MS but of smaller capacity, consisting generally of a
single cathode ray tube with its inward writing gate IWG
and its output instruction gate IGA which allows the read
output of such store IS to reach the staticisor MSTR, and
an associated staticisor ISTR for the store IS. The read
output of the instruction store IS is not fed directly to
the Main Store staticisor MSTR as in the previous ar-
rangement of FIG. 9 but is fed instead to the write input
of the control instruction store CLS which more closely
resembles the unit CL of FIG. 1 than the unit CIS of
FIG. 9 in that it is a two line storage device provided
with an appropriate Y-Shift waveform, for example, the
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Halver-S waveform, whereby one line, the C1 line, is
scanned during one series of alternate beats and the other
line, the P.I. line, during the other series of alternate
beats. Although an adding unit 30 is included, as in FIG.
1, in the regenerative loop between the read unit 28 and
the write unit 29 of this unit CLS, to permit modification
of stored data as required, obviously some other form
of arithmetic circuit, e.g. a subtractor, could be employed
if suitable modifications weres made to the general or-
ganisation of the machine.

The read output of the store CLS is effectively the input
to the writing unit 29 and is arranged to be fed either
by way of gate 60 to the Main Store staticisor MSTR or
by way of another gate 61 to the instruction store staticisor
ISTR. The external input to the adding unit 3@ is
derived from any one of a number of possible sources
including store IS fed by way of the instruction gate IGA
while the first input to the adding unit 30 derived from
read unit 28 is inhibited, for instance by applying a suit-
able potential to the suppressor grid of an appropriate
valve of the read unit, for instance, the valve V118 of
FIG. 22. A second input to the adding unit 30 may be
one derived from the Outward Transfer Gate OTG of the
Main Store MS by way of a gate CIG when the number
to be added is required to have some arbitrary value in-
volved in a transfer of control. In additiona +-1ora +2
input is available from the Test Unit TU as in the earlier
embodiments. This test unit is controlled, as before, by
prepulse signals generated at the end of every 2-beat bar
(at the end of each action beat of the Main Store MS)
by a Prepulse Unit PPU and operates to feed a p0-pulse
or a pl-pulse to the adding unit 30 depending upon
whether or not a conditional transfer is required.

A single computer or arithmetic organ comprising an
Accumulator A, is illustrated in FIG. 13 and consists of
a storage unit similar fo that already described and having
circuit arrangements which permit simple operations such
as addition, subtraction or multiplication to be carried
out between numbers fed in binary-digital form thereto
as a resuit of separate instructions.

The portions of the schematic arrangement described
so far are essentially the same as those described with
reference to FIG. 9 and function in the same manner if
a suitable deflection waveform as mentioned previously
is applied to the cathode ray tube of the control instruc-
tion store or unit CLS, to ensure that the line registering
the control instruction number C.I. is scanned during the
action beats of the Main Store MS.

The operation of the machine described so far may
be summarised as foillows, assuming that the Main Store
MS is loaded with numerical data, the instruction store
1S is loaded with a group of instructions and that the
machine is just completing the obeying of the instruction
in address of n of store IS.

When the instruction n has been been obeyed a pre-
pulse is released by unit PPU and “1” in general, is added
to the number already existing on the C.I. line of control
unit CLS, the number n+1 becoming immediately avail-
able at the output of the adding unit 30 and being written
into the C.I. line and also fed by way of the gate 61
to the IS-Staticisor ISTR. During the next beat (an
action beat of IS and a scan beat of MS) the present in-
struction word in address ni-1 of IS is read out and fed
by way of the gate IGA to the adding unit 30 where it is
added to zero, owing to the simultaneous breaking of the
regenerative loop. The read output from the adding unit
30, namely the same present instruction is then fed
through the gate 60 to the staticisor MSTR. At the end
of this beat a further prepulse is released to initiate a
new bar (unless inhibited by the function portion of
the instruction word just set up on the Main Store stati-
cisor MSTR)., During the next beat, the first beat of
the next bar, the present instruction is obeyed by a trans-
fer into or out of the address in the Main Store MS
selected by the staticisor MSTR and <1, in general, is
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again added to the number (n--1) existing on the C.L
line of control unit CLS, and the cycle repeats, the in-
struction staticisor ISTR being set up, by the revised
control instruction (n-42), to select the next instruction
and so on.

As explained previously with reference to FIG. 9 the
sequence of events described above holds for those simple
forms of instruction, for instance, instructions Nos. 2, 3
and 4 of the first machine, which result in number trans-
ference between Main Store MS and Accumulator A and
which are completed within a single beat while, again as
already described certain further instructions such as
“Stop™ which can be effected within one beat can be car-
ried through without modification of the two beat rhythm.
Certain other instructions however, such as that calling
for multiplication to occur between a number fed from
Main Store MS and a number existing in the Accumulator
A and the “test” instruction cannot be completed within
the 2-beat bar and modification of the rhythm is neces-
sary as already referred to with reference to FIG. 9.

The precise circuit arrangements for producing these
various prepulse inhibitions and other changes are not
shown in FIG. 13 or described in detail since their nature
will be clear from the previous description.

A further instruction, denoted symbolically as s, C(+),
causes the number in the C.I. line of control units CLS
to be modified by the addition (or subtraction) of a num-
ber, other than -1 or 42, and which is derived from an
address in the Main Store MS, so that a transfer of con-
trol may be effected as explained previously. This in-
struction may be executed without interfering with the 2-
beat rhythm if the 4-1 PO-PULSE normally released by
the unit TU in respense to a prepulse, which occurs at
the end of the beat during which the s, C{-+) instruction
word is set up on the staticisor MSTR, is inhibited. The
function digits (indicated arbitrarily as 100) of the s,
C(+) instruction word are accordingly arranged to pro-
duce this inhibition by means of a suitable pate circuit
embodied in the unit TU and controlled in similar manner
to that already described by the potentials set up upon
various elements of the F-Staticisor section of the Main
Store staticisor MSTR. These function digits must also,
by means of suitable gate circuits or cathode rav tube in-
activation circuits, prevent the output from the Main
Store Outward Transfer Gate OTG being written into the
Accumulator A, and similarly prevent any read output
from the Accumulator A being fed to the Main Store MS.
These inhibitions can conveniently be provided in similar
manner to the machine described in FIGS. 1-8 by arrang-

ing that the accumulator storage tube is blacked out by the !

s, C(+4) instruction which must also be caused to open
the gate CIG.

The remaining type of instruction which the machine
illustrated in FIG. 13 is required to perform is that in-
struction, denoted symbolically as s, I, which constitutes
the principal purpose of this modification, namely that
which causes a word (instruction) in address s of the Main
Store MS to be written over any existing content of the
address in the instruction store IS which is being scanned
during the relevant beat. This type of instruction is one
which can obviously be executed within the two beat
rhythm of the machine but the construction of a set of
such instruction words which will effect the automatic
transference of a group of instruction words calls for the
co-operation of those portions of the machine illustrated
schematically in FIG. 13 which have not yet been de-
scribed.

For the purpose of carrying out this particular instruc-
tion the following further apparatus units are provided.
An L number unit LNU is interconnected with the statici-
sor ISTR of the instruction store IS and serves to provide,
in binary code form, an output signal expressing the ad-
dress line number in store IS which is being currently
scanned during any scan beat, a gate circuit 62 appro-
priately controlled in a manner similar to that already
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explained for other gate circuits, by which the number
output of L-number unit LNU may be supplied to the add-
ing circuit 30 of the control unit CLS, an adding unit 63
supplied with the pO-pulse waveform and the output from
unit LNU by which the current number signal from the
latter may be increased by unity once during each bar,
a comparison circuit 64 fed with the output from adding
unit 63 and the output from the previously described gate
61 as its two comparison signals, a trigger circuit SITR
operated by the output of the comparison circuit 64 and
adapted to provide controliing output waveforms in de-
pendence upon whether the two inputs to the circuit 64
are identical or are different from one another and finally
another gate 65 by which p0-pulses may be applied at cer-
tain times as a -1 input to the adding circuit 30 of the
conirol-unit CLS.

In order to understand the manner of operation the
principle upon which such transfer of an instruction group
is based must first be considered. Consider the case in
which the store IS has a capacity of 32 lines and one in-
siruction word is to be recorded upon each line. The
problem is then to transfer successively the instruction
words from lines s, 541 . . . s+31 of the Main Store
MS to lines, I, I+1 . . . I—1 of the instruction store IS,
where [ is an arbitrary number and represents the number
of the line which is operative in the scan sequence of IS
during the particular action beat of MS when the con-
tent of the first line 5 is read cut. The instruction s, 1
(a “present” instruction) will make line s of the Main
Store MS active during the required beat and the function
digits of this instruction may be arranged to provide the
necessary facilities (e.g. cpening and closing of gate cir-
cuits and so on) to enable the content of s to be written
into IS. To effect the transfererce of the next word in
address s+1 of the Main Store, a new present instruc-
tion s-1, I is required, and by the present arrangement
this is derived automatically from the preceding instruc-
tion 5, I; it will be noted that only the portion of the in-
struction word defining the address in MS requires modi-
fication. This construction of successive present instruc-
tions is produced by first writing into the second or P.L
line of control unit CLS, the instruction word s, I, when
this word is encountered and is fed from the store IS to
the staticisor MSTR by way of the adding unit 30 of the
centrol unit CLS, and then, at the beginning of the next
beat, when the word in address s of MS is fed to IS, add-
ing +1 to the stored s, T instruction word on line P.I. of
control unit CLS to modify the address portion and cause
the instruction word s4-1 to be written immediately into
such P.L line and fed to the staticissr MSTR to prepare
the main store for the next transfer from address s4-1.
This process will then repeat automatically; each two-
beat bar accounting for the transfer of one instruction
word from the successive main store addresses s+2,
s+3 ... s+31

The completion of the transfer of the group of instruc-
tion words is observed by utilising the fact that the last
instruction word in the group will be written into line
I-1 of store IS owing to the sequential raster scanning
action. As each successive scan line number, [, I4-1 . . .
32.1,2 ... -1, is produced in binary-digital form it
has unity added to it. Each such resultant number /41

. is compared with the number ! stored in the C.L
line of control unit CLS and which is made available as a
read output from the regenerative loop of the control unit
during action beats of the Main Store MS (scan beats of
15), and when equality between the compared numbers
occurs the transfer process is automatically terminated
at the end of that beat, as such equality indicates that dur-
ing the beat the transferred instruction word is being fed
to line /4-1 in the instruction store IS and is there-
fore the 32nd instruction word to be transferred.

In order to terminate the process when the instruction
word in the main store address s+4-31 is transferred and
also to allow the maintenance in the C.I. line of control
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unit CLS of a record of the address occupied in store
IS by the first instruction word of the group, the number
upit LNU is provided which produces in binary-digital
form the number of the line which is being currently
scanned during the scan beats of the store IS. The num-
ber (/) uenoting the starting line i store IS which is
produced when the first instruction word is being written
into such line / of store IS from line s of main store MS,
is written into the C.I line of control unit CLS and is re-
generated therewith without change during every subse-
quent action beat of the Main Store MS during the group
transfer process. When the transfer of the whole group
of instruction words is completed and the machine is re-
quired to proceed to the utilisation of the new group of
instructions then held in store 1S, the address of the first
instruction is thus held ready in the C.I. line of control
unit CLS and represents the next control instruction re-
quired to enable the machine to recommence the normal
2-beat rhythm previously described.

The sequence of events occurring in the machine of
FIG. 13 for the 33 bars (0-32) involved in the transfer
of a group of 32 instructions and the operation of the ma-
chine while transferring instructions will now be sum-
marised with reference to FIG. 13 and also to the dia-
grams of FIG. 14, the functioning of those portions of
the machine which have not yet been dealt with, being
also described.

In FIG. 14 the 33 bars are numbered 0, 1, 2 . . . 31,
32 and each separate bar is shown as containing A and S
beats indicating that it is an action or a scan beat of the
Main Store MS and also §’ and A’ beats indicating that
it is a scan beat or action beat of the instruction store IS.
Whenever the machine is operating, the C.I. line of con-
trol unit CLS is scanned during the interlaced S (or A")
beats as indicated by the upper level of the Halver-S
waveform reproduced in diagram (/x). Prepulses are
normally released as shown in the diagram (Ixi) at the
beginning of every A (or ') beat.

At the commencement of Bar 0 a prepulse will be re-
leased, the machine either having compieted the utiliza-
tion of an instruction during the preceding bar or being
about to do so within the A beat of Bar 0. A <41 or
a -+2 signal (i.e. a p0- or a pl-puise) will accordingly be
released by unit TU and fed to the adding unit 30, where
it is added to the existing content (C.1.) of the C.1. line
in unit CLS so that the number C.I. 41 is written into
such C.I. line and simultanecusly fed as a read output
from the control unit regenerative loop by way of gate
61, which is opened by the Halver-S waveform, to the
staticisor ISTR. The instruction word in the store IS
selected by the new control instruction number C.I. 1
or C.I. +2 and fed to the staticisor ISTR will, if the re-
placement of the present contents of store IS by a new
group of instruction words is required, be that denoted
symbolically as s, I and for convenience the function or
(f) digit combination of this instruction will be referred
to as f0. During the second beat {(8) of Bar 0 the instruc-
tion word s, I is read out of the instruction store IS and
is fed by way of gate IGA to the writing input of the
add unit 30 so that it is written into the P.I. line of con-
trol unit CLS replacing any existing content of that line
owing to breaking of the regencrative loop in read unit
28. The instruction gate waveform controlling gate IGA
during normal operation of the machine is the Halver-A
waveform which opens the gate during S beats and closes
it during A beats; when the f0 combination is set up on
the Main Store staticisor MSTR this gate controlling wave-
form is modified so that the gate IGA is closed during all
beats. Simultaneously the read output from the add unit
30, which is the instruction word s, I, is fed through the
gate 60, which is opened during all 8§ (or A’) beats by the
Halver-A waveform, to the Main Store staticisor MSTR.

During the first beat (A) of Bar 1 the instruction s,
I is obeyed, the content of line s of the Main Store MS
being read out by way of the Outward Transfer Gate OTG
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and the gate IWG, and fed to the instruction store IS
where it is written into the line / which is currently being
scanned. Gate CiG which would otherwise permit the
read output from store MS to be written into the con-
trol unit CLS is inhibited during all A beats whenever the
function digit combination 0 (which has just been pro-
vided) is set up on the staticisor MSTR. The gate IWG
which is ordinarily closed is similarly caused by the fO
digit combination to open during A beats under the in-
fluence of Halver-S waveform. The +1 or 42 output
from unit TU which would otherwise be written into the
control unit CLS during this A beat is also inhibited by
the f0 function digit combination.

During the next beat (S of Bar 1) the staticisor MSTR
must be set up by the instruction s+1, I which will select
the instruction word in address s+1 of the main store
and apain have the function digit combination f0 so as to
effect the same routing conditions during Bar 2 as existed
during Bar 1. This instruction word s+1, I is produced
by feeding a <1 pulse (actually a pO-pulse and herein-
after referred to as the P.I. 41 pulse) to the adding unit
30 of CLS during beat S of Bar 1 so that the instruction
word s+1, I is formed simultaneously and written into
the P.I. line of control unit CLS and is also fed out by
way of the gate 60 (open during all § beats) to the sta-
ticisor MSTR,

The p0O pulse representing the P.I. 41 pulse is fed to
the writing input of the adding unit 30 through the gate
65 which is conditioned to pass the pO-pulse during the S
beat of Bar 1 and the subsequent bars of the transfer op-
eration by the application of Halver-A waveform under
the simultaneous existence of another waveform to be re-
ferred to later.

The fact that instruction word s, I is being utilised is
observed during beat S of Bar 0 when the f0 digit com-
bination is set up on the staticisor MSTR and is registered
unti! required to control the release of the PI. 41
pulse, in a device SITR referred to as the SI trigger. This
device is primed at the instant when the fO0 combination
is set up on the staticisor MSTR during beat S of Bar
0 and is triggered at the end of beat A of Bar 1. The cir-
cuit remains in the triggered condition until reset at the
end of beat A of Bar 32 when completion of the group
transfer is observed. The SI trigger circuit conveniently
comprises two trigger circuits in cascade, the first trig-
gered under the control of the fO digits and set at the
end of the following A beat (in Bar 1) by a suitable
Halver waveform, such resetting of the first trigger cir-
cuit being caused to trigger the second trigger circuit which
provides as one output waveform, the SI Trigger wave-
form indicated in diagram (Ixii) of FIG. 14. Addition-
ally the paraphased version of this waveform is made
available and will be called the Para-SI Trigger wave-
form. The latter is used to control the gate 65 so that
the P.1. -1 pulse is fed to the adding unit 30 only dur-
ing the S beat of Bar 1 and subsequent S beats until the
SI trigger circuit SITR is reset.

Gate IGA is controlled by the SI Trigger waveform it-
self in addition to the Halver-A waveform which normal-
ly permits the gate to be open during S beats only, so
that the read output of the instruction store IS is in-
hibited from beat S of Bar 1 until Bar 32 so that in-
formation available as read cutput from the store IS
during action beats of that store is not fed to the control
unit CLS where it would interfere with the operation of
that element during the transfer process.

The instruction word s-41, I which appears at the
read output of the adding unit 30 and is written into the
P.I. line of control unit CLS and is simultaneously fed
to the staticisor MSTR, causes during the next beat, A
of Bar 2, the s+4-1, I instruction to be obeyed in the
same manner that the s, I instruction was obeyed in the
preceding action (A) beat, the content of line s41 of
the Main Store MS being written into line [41 of the
instruction store IS. During the next beat (S of Bar 2)
the P.I. 1 pulse fed through gate 65 converts the in-
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struction word s4-1, I, stored on the P.L line of control
unit CLS into the instruction word s+42, I and the
staticisor MSTR is reset to utilise this instruction word
to effect the third transfer in the group and so on.

The description of operation so far has ignored the
action of the C.I line of control unit CLS, which is con-
cerned with the recording of the address in the store IS
of the first instruction word transferred and the termina-
tion of the transfer process when the 32nd instruction
word has been transferred. The L number unit LNU
which is associated with the staticisor ISTR produces in
dynamic form, during each § beat, a binary-digital
number which is the number of the line in the instruc-
tion store which is being scanned during that beat. This
L number unit, which is shown only schematically in
FIG. 13, comprises, if the storage tube in store IS em-
ploys 32 lines, five gate circuits which are fed separate-
ly with the five p-pulses, p0-p4 and which are alsc fed
separately with the five counter waves Cy-C, derived
from the Y-shift generator associated with the staticisor
ISTR and which provides the selection of lines in sequen-
tial manner during scan beats (S°) and in a selected
manner during action beats (A’) in similar manner to
that already described in connection with unit YSG of
FIG. 1b4. The counter waves Cy-C4, as already ex-
plained earlier are rectangular waves derived from five
cascade connected scale-of-two counter circuits the initial
one of which is fed with the Halver-S waveform and it
will be apparent from a consideration of the operation
of said Y-scan generator YSG and the related patent
specification No. 93,612 that the five p pulses pO-p4,
when released or inhibited by the appropriate counter
waves will provide a train of pulses which represents
in binary-digital form the number (/) of the particular
lgine in the store IS which is being scanned during each
&’ beat.

The output from the L number unit LNU is fed into
two parallel paths. One path leads through gate 62 to
the input of the adding unit 30 associated with control
unit CLS. This gate 62 is controlled by the staticised f0
digits and by the Halver-S waveform so that the gate is
open during the A beat of Bar 1 and the number ! is
written into the C.I. line of control unit CLS during that
beat. The number ] is written over any existing content
of such C.I line, the normal regenerative action of the
control unit CLS being inhibited by a suitable waveform
applied, preferably to the suppressor grid of the first
valve in the read unit 28, when the 5 I instruction is
operative during beat A of Bar 1. There is thus recorded
upon the C.I. line during the A beat of Bar 1 the address
in store IS of the first instruction word transferred and
thus the control instruction which will be first required
when normal machine operation is resumed after the
group instruction transfer is completed. The staticised
f0 digits and the Halver wave controliing gate 62 would
permit the number / in C.I of store CLS to be replaced
successively with the numbers /41, /4-2 . . . from the
L number unit LNU during succeeding A beats, and in
order to prevent this the SI waveform of FIG. 14 (ixii)
from the SI trigger circuit SITR is also fed to control the
gate 62 so that it is inhibited after the end of beat A of
Bar 1 of a group instruction transfer and only the num-
ber I is recorded in control unit CLS. The second out-
put from the L number unit LNU is fed to an adding
unit 63, which may be of any simple or convenient type
and which is also fed at a suitable input with p0-pulses
representing unity. There is thus available at the out-
put of unit 63 during every A beat the number /41
or (I4+1)+1 or (I+2)+1 and so on as the case may be.
This number in dynamic form is fed during A beats to
a comparison circuit 64 which is also fed with the read
output from the regenerative loop of Control unit CLS
which is the numbver /. When the two numbers fed to
the comparison circuit 64 are equal an output is obtained
which resets the SI trigger circuit SITR. Equality of
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the twe numbers occurs, as previously explained, when
the 32nd instruction is being transferred and the {—1
line of the instruction store IS is being scanned. The
comparison circuit may take any suitable form obvious
to those skilled in the art. For example, a series of
gates may be provided ecach of which is fed with the
corresponding digit puises of the two numbers to be
campared, so that equivalence of the digits causes a suit-
able voltage level to be set up, say by operation of a
trigger circuit associated with each gate; operation of
each trigger circuit (one for each digit position in the
numbers) produces a condition at the end of the beat
which results in an output wave which serves to reset
the SI trigger circuit SITR. As shown in FIG. 14, dia-
gram (Ixiii) the output of the comparison circuit 64 for
equality of the numbers being compared, may be re-
garded as a rectangular pulse which commences with the
first cigit position during beat A of Bar 32 and continues
until the end of that beat, the back edge of the pulse
being employed to reset the SI trigger circuit. It should
be noted that during normal operation of the machine
(i.e. during nontransfer operation) the comparison cir-
cuit 64 will be functioning as well as the units LNU, 63
and 64 and also the control unit CLS and that fortuitous
equality may be registered between the inputs to the
comparison circuit, Such registration of equality will be
ineffective however as during non-transfer operation of
SI trigger circuit SITR will already be its quiescent or
retriggered condition.

The events occurring during beat A of Bar 32 muay
therefore be summarised as follows: The instruction word
5431, I set up on the Main Store staticisor MSTR dur-
ing the preceding beat is obeyed, i.e. the instruction
word in address 5431 of the Main Store MS is written
into line I—1 of the instruction store IS through the gate
IWG which is opened by the f0 digit combination. At
the same time the -1 and +2 output from the unit TU,
and the output from the Main Store Outward Transfer
Gate OTG by way of the gate CIG are inhibited by
the 70 function digit combination set up on the staticisor
MSTR. The contents of the C.I. line of control unit CLS
(which is the number /) is regenerated without change
as the only other possible input to the adding unit 30 dur-
ing an A beat is the output from the L number unit LNU
and this is prevented by the gate 62 which is inhibited
by the SI Trigger waveform. The number /, which is
available dynamically as a read output from the regenera-
tive loop of the control unit CLS during the A beats,
sets the staticisor ISTR to select line / during the next
beat (A’ of Bar 32). The number available in dynamic
form from the L number unit LNU js I/—! and there-
fore the output fed from the adding circuit 63 to the com-
parison circuit 64 is [, which is equal to the read output
from C.I line of control unit CLS which is simulta-
neously fed to the comparison circuit 64 by way of gate
61. Equality is therefore registered and the SI trigger
circuit SITR is reset at the end of the A beat.

During the second (S) beat of Bar 32 the read output
of the line [ in the instruction store IS is fed to the sta-
ticisor MSTR as the read output is released by virtue of
the change in the s, I waveform fed to gate 7. The con-
tent of the line ! is fed to the staticisor MSTR without
change, as the P.I. 41 pulse which would otherwise be
applied to the adding unit 30 at the commencement of
the S beat is inhibited by the Para SI Trigger waveform
fed to the gate 65. During the S or (A’) beat of Bar
12 therefore the machine is prepared, by the setting up of
the staticisor MSTR with the first instruction word in the
group which has just been transferred, to proceed in the
first beat of the next bar (33) to the obeying of the first
instruction, and therefore from the commencement of
beat S of Bar 32 the machine is following the normal
routine of operation as previously described.

The number of digit positions in each number “word”
which can be stored at one unique address is determined
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during design and in accordance with the degree of pre-
cision required. In the present machines being described
it consists of 40 digit positions. For many purposes
however, particularly when multiplication of numbers is
effected, the use of more digits becomes necessary or de-
sirable for instance, words of 80, 120 or even 160 digits.
The handling of such extended digits is facilitated by the
arrangement of the arithmetical unit or Accumulator A
with a storage capacity of two lines as will now be de-
scribed with reference to FIG. 15, which shows the modi-
fications necessary to the arrangement of FIG. 1, and FIG.
16 which shows certain related waveforms.

In the operation of such a two-line accumulator the
second line, which may be scanned, under the control of
a suitable Y-shift waveform, in the beat following the
beat (A,), during which writing into the Accumulator
normally occurs in a machine such as that already de-
scribed with reference to FIGS. 1-8, provides a reposi-
tory for digits which may be carried over from a com-
putation proceeding during such previous A; beat. It
will be seen that if the normal word comprises, say, 40
digits all operations upon normal length number words
within the machine may be carried out in accordance
with the present invention as if the words all comprised
80 digits, irrespective of whether the numbers are true
positive numbers or are complements and represent nega-
tive numbers as already explained. This implies that the
circuits associated with the Accumulator have to operate
not only during the action beat (beat Aj) in the case of
a 4-beat machine but also during the following beat which
is the scan beat (S;) of the following bar. This beat
is sometimes referred to as S; and it is obvious that this
mode of operation is permissible as during this scan beat
(irrespective of whether the machine is of the 2 or 4-

beat type) the Accumulator is not required to perform -

any other operation and the end beat of one bar may
be allowed to overlap the first beat of the next bar. It
will become apparent as the explanmation proceeds that
by use of the two-line Accumulator computations upon
numbers comprising numbers of digits which are any de-
sired multiple of the number of digits in normal words
(the capacity of one accumulator line) may be carried
out.

A positive 40-digit number is converted to an 80-digit
number merely by placing 40 zero digits to extend the
number in the direction of greatest significance. In the
dynamic case in which “1” is represented by a pulse and
“0” by the absence of a pulse in a given temporal posi-
tion, the extension process thus involves no actual op-
eration at all. A 40-digit complement, representing
minus a given number, may be derived by subtracting
the given number from 240, That is, the complement of
X is 24— X. The 80 digit complement of the same num-
ber is 289X so that the difference between the two com-
plements is 280240 which equals 24¢(240—1) which com-
prises only “1” digits in the most significant half of the
number. Thus to convert a 40-digit complement to an 80-
digit complement, it is necessary to place 40 “1” digits
beyond the most significant digit of the 40-digit com-
plement. If a computing machine is to handle both ordi-
nary numbers and complements the digit of most sig-
nificance in ordinary numbers is arranged to be always
“0” so that the corresponding digit of a complement is
always “1”. This digit is thus an indication of the nature
of the number. Thus in order to convert a 40-digit num-
ber or complement to an 80-digit version it is necessary
to extend it by 40 copies of its most significant digit, in
the direction of increasing significance.

In a computing machine therefore which is designed
to operate with 40-digit words, but which is arranged to
utilise a two-line Accumulator it is necessary to provide
means for converting to 80 digit form 40 digit number
words fed from the main store to the accumulator. This
may be effected by the complement converter arrange-
ment illustrated schematically in FIG. 15 and which is
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inserted in the path from the Outward Transfer Gate
OTG of the store MS and the writing input of the Ac-
cumulator A. An “and” gate 70 is fed with the word
from the Outward Transfer Gate OTG and the Pzg-pulse
waveform. If the word represents a complement, a “1”
digit pulse will be present in the 40th digit position of
the word and will be selected by the P3o-pulse and will
cause triggering of a trigger circuit 71 which is arranged
to be retriggered at the end of the S; beat (ie. the §;
beat of the following bar) by a differentiated version of
the Halver-S waveform. The trigger circuit 71 when
operated opens a gate 72 which allows the Dash wave-
form (equivalent to a train of digit pulses) to be fed to
the write input of accumulator A during the whole of
the S; beat. By providing an appropriate Y-Shift wave-
form to the Y-deflecting plates of the tube 16 of the ac-
cumulator the two 40 digit parts of the word will be
stored on two separate lines.

In the symbolic notation employed to specify the types
of instruction which a machine of the kind to which
the invention relates may be adapted to obey, the com-
plement conversion operation is conveniently signified
by a primed content letter. Thus §’, A signifies that the
80-digit form of the 40-digit word in address s of the
Main Store MS is written into the Accumulator A, oc-
cupying both lines of that store. Other operations which
may be performed and which are analogous to the cor-
responding 40-digit operations are denoted by:

-8, A a—s', A

a+s, A aks’, A
aors, A as’, A
23’, A a, S

Of these instructions the last signifies that the content of
the last significant line (a;) of the Accumulator A is
written into an address in the Main Store MS. If a ma-
chine of the type described in any of the previous em-
bodiments is provided with a two-line Accumulator and
complement converter as illustrated in FIG. 15, then if
the instructions listed above are utilised in place of the
corresponding instructions for simple 40-digit numbers,
no account need be taken of the 80-digit mode of opera-
tion so far as the arrangement of a programme for the
solution of a problem is concerned.

In order that the two line Accumulator may function
properly as part of a machine of the kind considered,
the o line must be scanned during the A, beat of a four-
beat bar (or the action beat of the Main Store in a two-
beat machine) and the ap, line (i.e. the most significant
line) must be scanned during the following beat. A
transverse (Y) deflecting waveform as indicated in FIG.
16(a) is therefore applied to the Y-deflecting means of
the accumulator cathode ray tube which is then normal-
ly caused to scan each line during alternate beats. For
the simplest form of operation one or other of the Halver
waveforms will suffice as a Y-Shift waveform for the
Accumulator A. This form of Y-Shift waveform how-
ever has to be modified if certain operations are required.

If a “test” instruction as previously described is being
carried out whereby the control instruction word held in
the contro! system CL or CLS of the machine is modified
in dependence upon the sign of the number held in the
Accumulator A, it is necessary, if the normal rhythm of
working is to be preserved, that the nature of the most
significant digit (i.e. the 80th digit) must be observed
before the end of the A, beat or its two-beat rhythm
equivalent. During the obeying of a “test” instruction
therefore a process called “temporary reversal” is used.
Under the control of the test instruction word the Ac-
cumulator Y-Shift waveform is modified as indicated
in FIG. 16(b) so that the line (ay) holding the most
significant digits is scanned first. This is done simply
as indicated by preventing the reversal of the Y-Shift
waveform during beat A; (or its equivalent) and the
80th digit is therefore examined at the instant when the
40th digit is scanned in normal operation. During the
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obeying of such a “test” instruction the actual line of the
Accumulator which is scanned during the beat following
Ay is actually immaterial.

The process whereby the two-line Accumulator may
be used for the addition of long numbers will now be
considered. Four numbers b, ¢, d and e to be added,
each of, say, 120 digits are initially each stored upon
three lines of the Main Store MS. Each number will
thus be split into three portions (e.g. by, by, &3 of which
by is the least significant) each of which is held upon a
single 40-digit line. An instruction symbolised as a-+s, A
is used. This instruction implies that a 40-digit word
from address s in the Main Store MS is added, without
extension to the content of the A, line of A, any carry
digits which may occur being placed in the Ay line.
The programme for adding the numbers is thus as fol-
lows:

(0), A (This instruction erases the contents of both
Al and Am)

a‘l—bl, A a+dl’ A
a+c,, A a-{-—e;, A
At this point the least significant part of the sum has
been obtained and is stored on Aj, and carried digits being
at the Jeast significant end of the Ay, line of the Accumula-
tor. It is now required to place the content of A; in &
suitable location in the Main Store MS to clear A, and
to put the carry content of Ay, on A, preparatory to the
pext steps of addition in which by, ¢35, dz and e, are added
to a; as before.
These three operations are conveniently performed by
a composite instruction which is in reality three separate
instructions which are capable of being executed together.
This composite instruction which for convenience will be
referred to as the ¢ instruction is symbolised by:

a;, S; (0), Ap; Rev. A

The requirements of the # instruction are achieved
by interrupting the regenerative loop of Accumulator A
(by an erasing wave applied to the writing portion) while
a,, the content of A, is being written into MS. This
leaves A, clear with the carried digits remaining on Ap,.
At the end of this A, beat the temporal order of scanning
of a; and ay, is reversed so that for the next sequence of
instructions what was originally the A, line becomes
the Ay, line and vice versa. This process is called “per-
manent reversal” and is achieved by controlling the Ac-
cumulator Y-Shift generator by the ¢ instruction to pro-
duce the Y-Shift wave indicated in FIG. 15(¢). The ¢
instruction is such that reversal of the significance of

the A, and A, lines always takes place on the occurrence

of this instruction and thus any one line of the accumu-
lator has no permanent A or An, significance. The Rev.
A facility may also be provided as a separate instruction
for use when required during programming.

The complete programme of instructions required to
add the four 120 digit numbers, b, ¢, d, e, thus becomes:

(o)l A a—l—d1, A
a+b1, A a-tey, A
a+C1, A

a, S; (0), A;; Rev. A
a+b2, A a—i—d2, A
afcy, A ateq, A

a, S; (0), Aj; Rev. A
a+b3’ A a+d3r A
a+tc; A ate; A

a;, S; (0), Aj; Rev. A
and finally

a, S (if a carry into the 4th block of 40 digits has oc- 7

curred)

QObviously subtraction of numbers containing more than
40 digits could be carried out by a process similar to that
described above for addition.
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One generator arrangement for providing the different
forms of Y-Shift waveform required for the tube 16
of the Accumulator A is shown at AYSG in FIG, 15 and
comprises a gate circuit G10 which is normally open but
which can be closed by a control voltage derived from
a trigger circuit TC10. The gate G10 controls the pas-
sage of a differentiated version of either one or the other
of the Halver waveforms as a triggering medium to a
flip-flop square wave generator FF supplying the Y-
deflecting plates of the tube. The particular one of the
Halver waveforms to be effective upon generator FF is
controlled by further gate circuits G11, G12 which are
respectively in series with the two Halver waveform sup-
ply leads and are themselves controlled by voltages
derived from opposite output terminals of a second
trigger circuit TC11 so that when one gate is open the
other gate is closed.

The second gate circuit TC11 is of the type requiring
only a single triggering input to change it from one to
the other of its alternative states and this triggering input
is supplied through gate circuit G14 with the Prepulse
waveform. This gate circuit G14 is controlled by volt-
ages delivered from the Main Store staticisor MSTR so
as to be normally closed but opened only when the
staticisor is set with the particular f digit combination
which characterises an instruction requiring “permanent
reversal.”

The second trigger circuit TC10 has its triggering input
derived by way of gate circuit G13 from the differentiated
Halver-S waveform and is reset by the differentiated
Halver-A waveform. The gate circuit G13 is arranged
normally to be closed but can be opened by control volt-
ages derived from the Main Store staticisor MSTR upon
the presence in the latter of the particular f digit com-
bination which signifies an instruction requiring “tem-
porary reversal.”

The flip-flop generator FF is polarity-sensitive, Le. it is
triggered in one direction only by negative pulses and in
the opposite direction only by positive pulses,

The operation is as follows. Normally both trigger
circuits TC10, TC11 are quiescent and gate G10 perma-
nently open with one or the other of the gates G11, G12
also open dependent upon the particular current condi-
tion of the trigger circuit TC11. If *“temporary reversal”
is ordered by an instruction word the gate G13 is opened
and the trigger circuit TC10 is triggered by the next nega-
tive-going edge of the Halver-S waveform at the end of
beat S2 to close the gate G10 and thus inhibit any fur-
ther triggering of the generator FF so that the Y-Plate
waveform on the tube 16 remains in the condition in
which it existed during the previous beat. The trigger
circuit TC10 will be reset by the similar negative-going
edge of the Halver-A waveform at the end of beat A,
so as to reopen the pate G10 and allow the continued
supply of whatever one of the Halver-A or Halver-S
waveforms was being supplied previously to the genera-
tor FF. Upon the ordering of ‘“permanent reversal”
by any instruction word, gate circuit G12 will be opened
and will pass the next following prepulse at the end of
beat A, which causes reversal of the trigger circuit TC11
to change over from one of the alternative Halver wave-
forms to the other. The gate G14 will be closed again
before the next prepulse unless the next instruction word
is also one requiring permanent reversal so that the op-
eration continues with the generator FF triggered by the
new Halver waveform instead of the previous version
used.

A special application of this two-line Accumulator is its
use to form, by a process of repeated addition of partial
products, the 80 digit result of the multiplication together
of two 40 digit numbers. Multiplying arrangements of
this type are described in U.S.A. Patents Nos. 2,404,047
to L. E. Flory et al,, filed Jan. 21, 1943; 2,409,689 to G.
A. Morton et al., filed Nov. 2, 1942, and 2,335,215to L. E.
Flory, filed Oct. 21, 1943. The multipliers described in
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these specifications employ a two line accumulator em-
bodying an adding circuit and the store and circuit ar-
rangement which form the essential features of the multi-
pliers feed to the adding circuit a time delayed version of
one of the number words to be multiplied corresponding to
each “1” digit in the other number word. These multi-
piier arrangements in the simple forms described take no
account of the signs of the numbers to be multiplied. If
it is desired to take sign into account in such multiptiers,
both number words the multiplier and the multiplicand
are treated as 39 digit numbers, the 40th digits indicating
whether the representation is a positive number of a com-
plement in the manner previously described. Words which
represent complements are then decomplemented in
known manner before utilisation in the process of multi-
plication and the signs of both multiplier and multiplicand
are recorded by a trigger circuit arrangement. If the signs
are such that the product is Tequired to be negative, the
final condition of the trigger circuit arrangement causes
the partial products to be fed to the two-line Accumulator
through a subtracting circuit instead of the normal adding
circuit so that the final product built up in the Accumula-
tor is in complement form.

The manner in which a selected 40 digit word may be
obtained from an 80 digit word existing in the Accumula-
tor, or the result, for example, of a multiplication, by dis-
carding of appropriate digits in the directions of greater
and lesser significance will not be described. Obviously
the whole 80-digit word may be preserved if desired by
feeding the a; and ay words separately to the Main Store
MS by means of the instructions a;, S and ap, S. The
process of extracting a desired group of 40 digits first in-
volves the utilisation of the two instructions a;, S and aw, S
which place the words a, and ap, on two lines in the Main
Store MS. By the ordinary process of multiplication the
number a; is then multiplied by an appropriate power
2(240-%) so that all the desired digits a; are moved onto
the Ap line. The 6 instruction is then brought into opera-
tion so that the desired group of digits are segregated at
the least significant end of the new A, line, The original
am number is now brought out of store MS and multiplied
by 24—x in the normal way so that at the end of the
multiplication process the required group of 40 digits is
isolated on one line of the Accumulator A and may be
transferred to the store MS if desired.

In the same manner in which the two-line Accumulator
enables long numbers to be added or subtracted, the proc-
ess of multiplication may be carried out by the use of
s, D and s, R instructions which cause number words from
the Main Store MS to be fed in unextended form to the
appropriate places in the multiplier storage addresses D
and R for the muitiplicand and multiplier. For example,
to multiply together two 120-digit numbers b;bybs and
c1¢qcs, the partial products c1by, €1y, €183, cab1, C2by, cabs,

. are formed in turn and the final product is built up
on five lines S-S of the Main Store MS.

The programme of operations to perform this process
for the two 120-digit numbers is as follows:

(0, A b, R
Cis D

@ Sg; (0), Ag; Rev. A (0)
bg, R ay, Sg, ]
aj, Slr @ C3, D
bs, R b, R
oy, Sﬂv 0 a+s3, A
€3 D a, Sz: 9
bl: R b2) R
a+sy, A a+-s3, A
ay, Sl’ [} ay, Sg, 8
by, R B R
a+s2’ A a, S4n 8
a, Sg, [ day, Sg
bg, R
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which leaves the 240 digit product on the six lines S;—Sp
of the Main Store.

In addition to the facilities available with the two-line
accumulator which have been referred to above, a further
type of instruction, symbolised as an+s, A, may be pro-
vided in a machine incorporating the two line Accumula-
tor. This instruction results in the content of the line Ap
being altered by the addition (or subtraction) of an un-
extended 40-digit word without influencing the content of
line A;. To provide this facility a “temporary reversal”
process as previously described is called into play so that
the line Ay, is scanned during beat A, (or its equivalent);
any carry digit existing at the end of the word ap, is not
recorded.

As already explained in connection with the first em-
bodiment of FiGS. 1-8 provision is usually made for
handling instruction words within the machine in the same
manner that number words are handled, so that arithmeti-
cal operations may be performed upon instruction words
during the course of the solution of a problem. This
facility of modifying instruction words greatly improves
the flexibility of such a machine and is of considerable
assistance to the programmer when setting up a problem
for the machine. The simplest way of providing this
facility is to make use of a common storage system in
which no distinction is made between numbers and in-
structions. Alteration of an instruction word then occurs
by placing the word in the accumulator during one bar
and, during the next or a subsequent bar feeding the modi-
fying word to the accumulator. The process of alteration
of instructions thus occupies 3 bars for every instruction
word to be modified. By the further modification which
will now be described with reference to FIGS. 17, 18 and
19, the operating time previously consumed in effecting
modifications to instruction words, when such modifica-
tions are required, may largely be saved.

FIG. 17 illustrates in block schematic form the neces-
sary modifications to the machine shown in FIGS. la
and 1b.

The control unit CL of the machine is substantially
identical with that o? FIG. la and comprises a cathode
ray tube 25 providing two storage lines P.1. and C.I. and
having a regenerative loop comprising a reading unit 28
and writing unit 29 coupled through an adding umnit 30
as before. During normal operation of the machine the
second input to the control adding umit 30, other than
the input provided by the output from the reading unit
28 is provided by the -1 or 42 signal from the unit
TU fed in this instance through a gate 80 which is ap-
propriately opened during S, beats. Under special cir-
cumstances, as already explained previously, the second
input to the adding unit 30 may e provided alternatively
during A, beats by the output from the Main Store MS
through the Outward Transfer Gate OTG. The appro-
priate Y-Shift waveforms to secure scanning of the C.I
and P.L. lines during correct beats are applied to tube 25
from the unit GYWG.

As already described, by application of a suitable
erasing waveform to the read unit 28, the word written
into the contro! unit CL from the output of the adding
unit 30 can ignore any existing content of the operative
line in the tube 25, the regenerative process being in-
hibited. It will also be apparent that when the regenera-
tive loop is inhibited, it is possible by feeding digital
signals to the first input of the adding unit 30 from an
alternative source to provide a second external input te
the adding unmit. It is this further input which is em-
ployed, in the present embodiment, to accept the modify-
ing word from a further or “B” store during Az beats
when new “present instruction” words are being written
into the P.L. line of the control unit, the regenerative
loop being inhibited during the process by application
of an erasing waveform. This further or “B” tube store
BS comprises a cathode ray tube 80 with a simple re-
generative loop of read unit 81 and writing unijt 82 having
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a read output, a writing input 82 having a read output,
a writing input and also an erasing wave input. The
write input to the “B” tube store BS is derived from the
Main Store MS by way of the Outward Transfer Gate
CTG and a further gate 83 so that numbers may be fed
to the “B” tube store during A, beats by normal operation
oi the machine as already described. The read output
from the “B" tube store BS may be fed to the second
writing input of the adding unit 30 of the control unit
CL by way of a gate 84 which must be arranged to pass
the “B” number during A, beats when modification of the
“present instruction” is required. Gate 84 may thus be
opened during A; beats when modification is required by
the combined action of versions of the Action waveform
and Counter 0 waveform and the staticised voltages pro-
duced in the Main Store staticisor FST by a selected digit
or digits in the instruction word which imply that the
present instruction word is to be modified. In the prac-
tical case being described, as will become apparent, the
requirements are simplified by providing the “B” tube
with two storage lines so that one of two modifying words
may be fed to the control unit CL during every A, beat,
the gate 84 being opened during every A; beat by its
control with versions of the Action and Counter 0 wave-
forms, and the choice of feeding no modifying word to
the control unit CL during a particular A, beat being
obtained by providing that the content of the address line
which is operative in the “B” tube during that beat is
zero.

If the computing machine is operated as described in
the embodiment of FIGS. 10-12 with two instructions
recorded per line in the Main Store MS and in the con-
trol unit CL, then the first or lowest significant dipits
which, in the contro! instruction words were previously
referred to as “column” or “C” digits and which wil] here-
inafter be called “b” digits sclect, by triggering of an Fo
staticisor which controls the form of the instruction gate
waveform fed to the Instruction Gate 1G of FIG. 17 the
desired half of the complete (double instruction) word on
the P.I line of control unit CL which is read out during
A, beats, can be readily employed to control which line
of the “B” tube store is scanned during the relevant half
of any A, beat.

The “B” tube store is therefore provided with two lines,
B, and By and a Y-shift generator 85 which causes line
B, or B; to be scanned as desired during any particular
interval, Two medifying numbers may thus be held in
each separate line of the “B” tube, but as explained, for
simplicity the two words held in line By are generally
both zero. Which half of the total content of either
By or B, is effective in modifying a present instruction
will be determined by the instruction gate waveform con-
trolled by the F, staticisor as explained previously in
connection with FIGS. 10-12. The corresponding “b”
digits in the instruction words held in the Main Store MS
must be so allocated that line By or By of the “B” tube
store is specified as relating to each instruction and it is
therefore apparent that the “B” tube Y-Shift generator
85 must be controlled by the significance of a selected
one of the two “b” digits in each “present instruction”
word and that this selection will be performed by means
of the F, statiscisor.

Words may be sent to the “B” tube store BS by nor-
mal opsration of the machine obeying, during A, beats,
instructions which may be referred to, using the nomen-
clature previously employed, as s, By and s, B;. In order
that these instructions may be effected it is necessary
that the erasing waveform applied to the “B” tube re-
generative loop should inhibit regeneration during beat
Ay, and that the gate 83 should be opened during beat
Az. These conditions may be readily obtained by uti-
lising suiteble versions of the Action waveform released
in a manner analogous to that already described by an
appropriate function digit combination of the main store
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staticisor, which are common to the s, By and s, B, in-
struction words.

At this stage it is necessary to consider another feature
of the circuit arrangement, which while not being essen-
tial, simplifies the operation of the machine As all in-
struction words will have “b” digits which have no sig-
nificance so far as the interpretation of the instruction
itself is concerned, the remaining digits of instruction
words do not have the same significance in the machine
(particularly in respect of any input or output operations
of the machine) as ordinary number words. For example
in the case of the previous embodiment of FIGS. 10-12 in
which 40 digit words, with the 1st and 21st digits acting
as “b" digits, are employed a combination of digits which
defines an address as a number will be shifted one digit
in the direction of high significance, so that an address
number n will be specified by a combination of digits
which, if it was part of a number word and not an in-
struction word, would have a significance 2n. When
modifying numbers are originally loaded into the Main
Store MS they can be most conveniently handled as num-
bers which have their true significance as part, for ex-
ample of an address number, but before being used to
medify instructions these numbers must be doubled or
multiplied by 2. This process is most conveniently car-
ried out by inserting a doubling circuit 86 in the write
input connection to the “B” tube store BS. This doubling
circuit may comprise a simple delaying device such as a
delay-line circuit or any other suitable known form of
delay circuit which provides a delay period equal to one
digit period. It now remains to consider the requirements
of the “B” tube Y-Shift generator 85. As writing into the
“B” tube 80 (line By or B;) occurs during A, beats only
and reading from either line of the “B" tube occurs dur-
ing A; beats only, the intervening beats in the four-beat
bar may be employed for normal regeneration purposes.
This line Bo may be scanned during beat S, and line B,
during beat S;. During beat A; reading must be able to
occur from line By or By and during A; writing must also
be possible into either line.

The Y-Shift waveform required to enable these condi-
tions to be met are indicated upon a time scale of a four-
beat bar in FIG. 18. FIG. 18(a) represents the Y-Shift
wave in the quiescent condition when instruction modifi-
cation is not being carried out; the By line is scanned dur-
ing all beats except S,, when B; is scanned. This wave
also represents the condition when the “b” digits of the in-
struction words (the two half instruction words) read
cut of the Main Store MS during beat A; are both “0's"
signifying the modifying word to be used is on line B,.
The waves of FIGS. 18(») and 18(c) represent the condi-
tions when left-hand and right-hand instructions respec-
tively are the present instructions and the “b" digit of the
instruction is a “1" indicating that the corresponding half
of the number on line B; is to be used to modify the in-
struction. The wave changes over from the By to the By
condition at the back edge of the Py or Py, pulses respec-
tively which correspond to the “b" digits. The full-line
waveforms of FIGS. 18(d) and 18(e) represent the Y-
deflection conditions required for writing into the B, and
B, lines respectively of the “B” tube during A, beats. The
dotted portions of these waves indicate that during beat
A, the waves may correspond to the forms shown in FIG.
18(b) or 18(c) as instruction modification may oceur in
the beat A; preceding the beat A, during which writing
into the “B" tube occurs.

These waveferms may be generated in obvious fashion
using the technique employed in the machines already de-
scribed previously in this specification and in the prior
specifications previously referred to.

A practical circuit arrangement which may be em-
ploved to generate the Y-Shift waveforms of FIG. 18 is
indicated in FIG. 19. The Y-Shift waveform is derived
from the suppressor grid of valve V30 in a trigger circuit
V30, V31. Triggering and retriggering of this circuit are
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obtained by means of two trigger valves V32 and V33
which have the Inverse Counter 0 and Counter 0 wave-
forms fed to their suppressor grids respectively. The In-
verse Counter O waveform is positive-going at the end of
beat S; and negative going at the end of beat S,, while
the Counter 0 waveform is the reverse of this. The grid
of valve V33 is connected to the output of the particular
staticisor section which is set up by that digit e.g. (213)
which distinguishes the s, By instruction from the other
types of operation. The staticisor output is positive ex-
cept when the s, B, instruction is being obeyed and nor-
mally therefore the differentiated Counter 0 waveform
retriggers the circuit of valves V30, V31 at the end of
each S, beat. When instruction s, By is operating the
valve V33 is cut-off on its control grid and a retrigger pip
therefore not generated until the end of beat A, when
the Halver-S waveform which is applied to the control
grid through diode D38 raises the control grid above cut
off.

The Inverse Counter 0 waveform holds the triggering
valve V30 turned on at its suppressor grid during beats
A, and S, but the Halver waveform applied through diode
D39 only raises the normally negatively-biased control
grid of the valve above cut off during action beats. Trig-
gering can thus only occur during beat A, and will occur
when the Halver-S waveform goes negative at the end of
beat A; unless the circuit has been triggered earlier. If
the left-hand half of the instruction word emanating from
the Outward Transfer Gate OTG is to be modified a “1”
digit will occur in the Py position while maodification of
the right-hand instruction word will be specified by a “1”
digit in the Py, position. The word from the Outward
Transfer Gate OTG is accordingly fed to an “and” gate
of diodes D40, D41 which is controlled by an appropriate
“1” digit pulse. The controlling pulse is obtained, by way
of a buffer circuit of diodes D42, D43. D44 from one of
the two “and™ gates of diodes D45, D46 and valve V34
and diodes D47, D48 and valve V3§ which are fed with
the Py- and Pag-pulses respectively as one controlling input
and with the oppositely poled versions of the Fg wave re-
spectively as the second or coincidence input.

Numerous modifications of the various embodiments
and features described will become apparent to those
skilled in the art as will also the application of certain
features to other forms of electromic computing ma-
chines. For example the invention is not limited to ma-
chines which operate exclusively in the binary code; with
the aid of known forms of coding and decoding appara-
tus it may be adapted to operate in the normal decimal
system. Similarly certain features are equally applica-
ble to machines operating in the parallel mode instead of
the series mode. While particular reference has been
made to the use of cathode ray tube storage devices, cer-
tain features of the invention may clearly be employed
with other forms of storage device, for instance electro-
magnetic storage arrangements or supersonic delay lines
either instead of or in comjunction with the cathode ray
tube devices as described. The initial insertion of data
into the machine may be effected other than by means
of a manually operated typewriter as described, for in-
stance, a punched card system may be used while for
extracting the final or intermediate results, visual appa-
ratus such as a monitor cathode ray tube or tubes, or
trigger-controlled lamp devices or a magnetic tape re-
corder may be provided.

Referring now to FIGS. 20 and 21, these show in
greater detail the form of the pulse generator circuit
PPG of FIG. 1b. The device essentially comprises a
group of 40 separate trigger/gate circuits connected in
a chain whereby only one gate circuit is open at any
one time instant.

One trigger/gate circuit alone will first be described
with reference to FIG. 20 from which it will be seen
that it comprises a single pentode valve V100 having its
cathode connected directly to earth, its anode connected
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by way of load resistors R100, R161 to source of posi-
tive potential 4300 v., its suppressor grid connected to
pulse input terminal a, its screen grid connected directly
to reset pulse output terminal ¢ and also through resistor
R102 to source of positive potential 500 v. and its
control grid by way of resistors R103 and R104 to a
source of negative potential —15 v. The junction of re-
sistors R108, R101 is coupled by way of capacitor C10¢
to pulse output terminal 4 while the anode is also con-
nected directly to trigger pulse output terminal f. A
capacitor C101 is connected directly between the con-
trol and screen grids of the valve while the control grid
is also connected to the anode of diode D100 and the
cathode of diode D101. The anode of the latter is con-
nected to the junction of resistors R103, R104 and also
by way of capacitor C102 to trigger pulse input termi-
nal d. The cathode of diode D10® is joined by way of
resistor R105 to a source of positive potential 45 v.
and also through series-connected resistor R106 and ca-
pacitor C103 to reset pulse input terminal e.

The operation of the circuit is as follows: Valve VIG0
is normally cut-off at its control grid due to bias voltage
of ~15 v. through resistors R104, R103. Both anode
and screen potentials are therefore high. The Dash pulse
waveform, in its inverted or paraphase form, i.e. with
positive-going pulses instead of negative-going, is applied
continuously to terminal a. Whilst the valve is cut-off
at its control grid these have no effect. If now, a nega-
tive-going pulse, immediately preceding in time, that of
the particular Dash pulse which is to be selected, is ap-
plied to terminal d, then upon differentiation by capaci-
tor C102 and resistor R104, its positive-going trailing
edge will drive the control grid positively to turn the
valve on. Current now flows to the screen grid and the
screen potential falls and acts, in the well-known Miller
fashion, to hold the contro} grid potential at a predeter-
mined value where the valve is passing current. The
suppressor grid is still, at this time, at the resting level
of the applied (inverse) Dash waveform which is such
that the valve is cut-off at its suppressor grid. Upon the
arrival of the next pulse in the Dash waveform, the volt-
age at the suppressor grid is raised sufficiently to turn the
valve on to its anode and a corresponding normal or
negative-going Dash pulse is generated at the valve an-
ode and is made available at the pulse output terminal
b. At the time instant marking the end of this Dash
pulse, a sharp negative-going pulse is applied to the re-
set input terminal e and, passing through capacitor C103,
resistor R106 and diode D100 serves to drive the con-
trol grid of valve V100 negative whercby this valve is
again cut-off and remains so until the arrival of the next
trigger pulse at terminal 4.

The requisite triggering pulses for application to ter-
minal & and the resetting pulses for application to ter-
minal e are made available in a manner more readily ex-
plained with reference to FIG. 21 which shows, in sche-
matic form, an assemblage of trigger/gate circuits as al-
ready described to form the complete pulse generator
PPG of FIG. 1b. As will be seen from this figure a
total of 40 circuits PO, P1 . . . P39 are provided, all
supplied at their terminals a with the inverted Dash
waveform. The trigger input terminal & of the first stage
PO is supplied with the Blackout waveform (FIG. 2(iv))
whereby this stage is turned on by the positive-going
leading edge of the Blackout pulse. In consequence the
first or p0 pulse of the next series of Dash pulses appears
at the pulse output terminal 5. This output pulse, in
addition to being available at terminal b, is also avail-
able at trigger pulse output terminal f, see FIG. 20, and
its trailing positive-going edge provides the requisite trig-
ger pulse for the next stage Pl by the interconnection
of such terminal f with terminal 4 of the said next stage.
In consequence this next stage is turned on from the end
of such p0 Dash pulse in readiness to pass the next, pl,
Dash pulse. The act of turning on stage P1 causes, as
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already explained in connection with FIG. 20, a sudden
drop in the screen grid potential of the valve therein and
this is available at reset pulse output terminal ¢ which,
by interconnection with terminal e of the preceding stage
PO, causes the transmission of such negative-going volt-
age to the control grid of valve V109 of such stage PO
to turn the latter off as already described. Precisely
similar conditions apply in all the remaining stages ex-
cept the last, P39, where, in the absence of any source
of resetting pulses from any subsequent stage, a phase-
inverted version of the Blackout waveform is applied to
terminal e of that stage to turn-off the valve V100 there-
in by its leading (negctive-going) edge.

Each stage PO, P1 ... P39 is thus turned on se-
quentially during the period of one Dash pulse only of
each 40 pulse series whereby one selected pulse of the
series is made available at its associated output terri-
nal b.

A brief description of the reading and writing circuits
of a typical cathode ray tube store will be given with ref-
erence to FIG. 22 in which 110 indicates an electrostatic
cathode ray tube having the usual electrodes including a
cathode 111, a modulating grid 112 and X and Y de-
flecting plates 113, 114 respectively. A signal pick-up
plate 115 is located closely adjacent the tube screen and
provides output signals representative of the various
charge patterns formed on such screen as the tube beam
sweeps thereover in the manner described in detail in the
aforesaid paper by F. C. Williams and T. Kilburn. These
signals are applied to an amplifier 116 and thence tc a gate
valve V110 which is normally held cut-off by reason of
the resting level of the output waveform from the smpli-
fier but which may be turned on, cnce during each digit
period, by the positive-going Strobe pulses of FIG. 2(vii)
fed thereto through terminal 1317 and diede D118, The
charge pattern on the screen of the tube which represents
the binary value “0” provides a negative-going transient
pulse at the output of amplifier 116 whercas the charge
pattern representative of binary value *1” provides a posi-
tive-going transient at such amplifier cutput. In conse-
quence, the valve V110 is turned on by the Strobe pulse
cnly when a “1” digit signal is received thereat.

The anode output from valve V110 is fed by way of a
network including clamping diodes Di1f, D112 and
DI13 to the control grid of a cathode follower valve V111
which centrol grid is also supplied with the Dash pulse
waveform, FIG. 2(vi) by way of terminal 118 and diode
D114, As the control grid of this valve will not move
negatively unless both inputs applied thereto move nega-
tively, the cathode output therefrom provides a reshaped,
i.e. Dash pulse upon the read output lead 119 whenever
a positive or “1” signal is received from the signal pick-
up plate 115 but not otherwise. As already indicated, it
is necessary in some circumstances to inhibit the pussage
of signals altogether through the valve. This may be
effected by the application through terminal 119 of a
suitable negative Erase voltage to the suppressor grid of
valve V110 sufficient to cut the anode of that valve off.
The components so far described in connection with valves
V110 and Vi1l constitute the Read unit of the device
such as already indicated schematically at 13, 19 and 28
in FIG. 1 with the lead 119 the source of read ouput
signals from such unit.

The Write unit of the device is constituted by valves
V1i2 and V113 and diodes DL15, D116 and Di17. Sig-
nals from the cathode of valve V111 of the Read unit are
fed, in the example shown which constitutes a simple stor-
age device equivalent to the Main Store MS of FIG. 15,
to the conirol grid of valve V112 which operates as an
amplifier which is normally fully turned on but which is
repeatedly cut-off during each digit period by the applica-
tion of the Dot waveform, FIG. 2(v) through terminal
120 and diode D115. The anode output of this valve
V112, in the form of positive-going square pulses, limited
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at 4-50 v. amplitude by diode D117 is then applied to a
cathode follower valve V113 and the cathode output of the
latter is fed by lead 121 to the modulating electrode 112
of the cathode ray tube 110 to medulate the tube beam.

In the absence of any output from valve V111, a series
of Dot pulses are used to modulate the tube beam but
whenever a “1” signal is supplied from the amplifier 116,
such Dot pulses have Dash pulses from valve V111 su-
perimposed thereon whereby the tube beam is modulated
by a Dash instead of a Dot to record “1” instead of “0.”
This effects regencration of the previously recorded sig-
nal.

Instead of utilizing the signal output frem valve V111,
i.e. the Read output from the read unit, to control valve
V112, external puise signals may be applied on the write
input lead 122 through diode D116 to the control grid
of valve V112. This lead 122 constitutes the write
input already referred to in connection with the various
Write units such as those of 14, 28 and 29 of FIG. 1.

As already stated, the example given is that of a sim-
ple storage device. Where, as in the Accumulator A or
the centrol unit CL of FIG. la, it is desired to incorpo-
rate an arithmetical device, such as a subtracter or an
adder in the regenerative loop, this is effected by breaking
the connection between the cathode of valve V111 and
the control grid of valve V112 and then connecting the
read output lcad 119 to one signal input of the arithmeti-
cal device and the write input lead 122 to the output of
such arithmetical device, the other signal input of such
arithmetical device receiving the external signal.

The scanning movement of the tube beam by the applied
X time base and Y deflecticn waveforms will be clear
from the description already given. When, as in the
simple Accumulator A of FIG. 14, only one storage line
is used, then obviously deflection in the Y direction is
not required.

When more than one storage tube is used it is nec-
essary to effcet regeneration of all tubes during scan
beats but to suppress all but the desired single tube dur-
ing the intervening action beats. This is effected by the
provision of a so-called black-out valve V114 connected
between the control grid of valve V113 and the earth
fline. When valve V114 is conducting, the control grid
potential and hence the cathode potential of valve V113
is lowered to an extent which causes suppression of the
associnted cathode ray tube beam whereas when such
valve V114 is cut-off, the valve V113 operates normally
as already described.

Valve V114 is suppplied at its suppressor grid witl the
Halver-A waveform, FIG. 3(xv) by way of termina] 123
so that it, and all other similar black-out valves, are
cut off during scan beats, while its control grid is con-
nected by way of a plurality of separate leak resistances
R11éa . . . R113g and terminals 124 to appropriately
selected output terminals of those sections of the staticisor
LST which are concerned with the digits of the instruc-
tion word governing tube selection. It will be under-
stcod that, where several or many tubes are employed
extra digits, say those of P5 . . . P14, of the instruction
word are allocated to tube selection and the number of
sections in the staticisor LST increased accordingly. Only
when all of the separate leak resistances R110 are con-
nected to a suitable negative potential simuitaneously,
will the valve V114 be cut-off and until this occurs the
valve remains conducting during action beats whereby the
associated cathode ray tube beam is suppressed. As each
of the connection combinations for the respective black-
out valves is different, oaly one valve V114 will be cut
off at any one time and the associated tube rendered ac-
tive.

The valve V114 and its associated leak resistances con-
stitute what is known as a “coding valve” arrangement
and a precisely similar arrangement is usable for gate
conirol and like purposes. A potential change at the
anode of the valve, suitable for controlling a gate device,
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is available only with one particular combination of input
potentials.

We claim:

1. In an electronic digital computing machine compris-
ing at least one storage device for storing number mani-
festations data to be employed in the solution of a prob-
lem, at least one arithmetical organ for performing op-
erations with number manifestations fed thereto from said
storage device and a control system including control sig-
nal generating means for controlling the operation of the
machine and ordering the necessary transference of num-
ber manifestations and the arithmetical operations to be
performed in accordance with each of a number of suc-
cessively selected inmstruction word manifestations also
stored within a storage device of said machine, the pro-
vision of a subsidiary storage decvice capable of storing
at least one instruction modifier word manifestation and
the arrangement in such manner that, in the normal op-
eration of the machine, as each instruction word mani-
festation is read out of its normal storage location and is
fed to said control signal generating means of said control
system, it is passed through a modifying device whereby it
may be modified by the simultancous application to such
modifying device of an isstruction modifier word mani-
festation from said subsidiary storage device.

2. An electronic digital computing machine as claimed
in claim 1 wherein said modifying device comprises an
adding circuit arrangement.

3. An electronic digital computing machine as claimed
in claim 1 in which said control system includes a cathode
ray tube storage device for registering the instruction word
manifestation selected for machine operation control and
in which said modifying device is disposed in the regenera-
tion loop circuit of said cathode ray tube storage device.

4. An electronic digital computing machine comprising
at least one storage device for storing number manifesta-
tions to be employed in the solution of a problem, at least
one arithmetical organ for performing operations upon
numbers fed thereto from said storage device and a con-
trol system for controlling the operation of the machine
and ordering the necessary transference of numbers and
the arithmetical operations to be performed in accordance
with each of a number of successively selected instruc-
tion word manifestations also stored within a storage de-
vice within said machine, which includes modifying means
for altering the form of a selected instruction word mani-
festation, said modifying means being arranged in the path
by which each instruction word is read out from its
normal storage location and is fed to said control system
whereby the form of the instruction word which actually
becomes effective in said control system may be altered
from that in which it is initially supplied from its storage
location.

5. An electronic digital computing machine according
to claim 4 which includes a subsidiary storage device for
storing at least one instruction modifying word manifesta-
tion.

6. An electronic digital computing machine as claimed
in claim § in which said modifying means comprises an
arithmetical circuit arrangement having first and second
input terminals and means for feeding said selected in-
struction word manifestation to said first input terminal
and said instruction modifying word manifestation to said
second input terminal, said modifying means having an
output terminal connected to supply said control system.

7. An electronic digital computing machine as claimed
in claim 5 in which said subsidiary storage device has
capacity for storing a plurality of complete and separate
instruction modifying word manifestations each at a sepa-
rate and individually selectable address location.

8. An electronic digital computing machine according
to claim 6 in which said subsidiary storage device com-
prises a cathode ray tube store.

9. An electronic digital computing machine as claimed
in claim 8 in which said subsidiary storage device has
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capacity for storing a plurality of complete and separate
instruction modifying word manifestations each at a sepa-
rate and individually selectable address location.

10. An electronic digital computing machine as claimed
in claim 7 in which said subsidiary storage device includes
signal controlled address selecting means and signal ex-
amining means connected to receive said selected instruc-
tion word as it is read out from its normal storage loca-
tion, said signal examining means operating to examine
predetermined digits of said selected instruction word
manifestation and to provide an output signal to control
said address selecting means in accordance with the form
of said examined digits.

11. An electronic digital computing machine as claimed
in claim 4 in which said modifying means comprises an
arithmetical circuit arrangement having first and second
input terminals and means for feeding said selected in-
struction word manifestations to said first input terminal
and another word manifestation to said second input
terminal, said modifying means having an output terminal
connected to supply said control system.

12. An electronic digital computing machine as claimed
in claim 10 employing instruction words of coded number
form similar to number words used in the machine in
which said signal examining means operate to examine the
digit element of said instruction word manifestation which
corresponds to the digit of lowest numerical significance
of an equivalent number word to determine the operative
storage location of said subsidiary storage device.

13. An electronic digital computing machine as claimed
in claim 12 in which the portion of said instruction word
manifestation serving to define the particular storage
address location in the data storage device of the machine
which is to be rendered accessible during the operation
cycle is in the form of a group of successive digit-repre-
senting elements the least significant of which is in a posi-
tion which corresponds to the digit having the next higher
significance than said lowest significant digit in an equiva-
lent number word and which machine also includes multi-
plier means connected in the signal input path to said
subsidiary storage device for altering the significance of
the digit representing elements of an input instruction
modifying word in accordance with such difference of
digit significance between instruction word manifestations
and number word manifestations.

14. In an electronic digital computing machine a control
system for governing the form of machine operation in ac-
cordance with an applied instruction signal, a source of
instruction signals, a source of instruction modifying sig-
nals, a signal modifying device having an instruction sig-
nal input connected to said source of instruction signals,
a modifier signal input connected to said source of instruc-
tion modifying signals and a signal output connected to
said control system and means for controlling the flow of
instruction modifying signals from said source to said
modifying means, said flow controlling means being con-
trolled by signals provided by signal sensing means also
supplied with said instruction signal.

15. An electronic digital computing machine compris-
ing a main data storage device for recording both data
word signals and instruction word signals, said storage
device having a signal output, a second word storage
device for registering instruction modifying word signals,
a control system including staticisor means for develop-
ing static output control potentials in accordance with the
individual value of different digit signals of an applied
instruction word, means for examining the form of at least
one predetermined digit of an instruction signal and a
signal combining circuit having first and second input ter-
minals and an output terminal, circuit means connecting
the output of said main data storage device to said first
input terminal, circuit means connecting the output of
said second storage device to said second input terminal,
circuit means connecting the output of said signal com-
bining device to supply said staticisor devices of said con-



3,012,724

57

trol system and means for applying the output instruction
word signal of said main data storage device to said
sensing means to control the application of an instruction
modifying word signal to said signal combining means in
synchronism with an instruction word signal read out
from said main data storage device under the control of
said sensing means.

16. In a data processing system operable in a sequence
of instruction cycles including means for ¢cycling said ma-
chine through a series of such instruction cycles one cycle
at a time, means for storing an instruction manifestation
comprising one instruction portion and anether instruction
portion and means controllable during one said cycle by
a portion of said instruction manifestation for sclectively
producing or not producing alteration of said instruction
manifestation during said one cycle.

17. In a data processing sysiem operable in a sequence
of instruction cycles including means for cycling said
machine through a series of such instruction cycles one
cycle at a time, means for storing an instruction manifesta-
tion comprising one instruction portion and another in-
struction portion, means storing a modifying value, and
means controllable during one such cycle by a portion of
said instruction manifestation for selecting a modifying
value and producing alteration of said instruclion during
said cycle.

18. In a data processing system, operable in a sequence
of instruction cycles including means for cycling said ma-
chine through a series of such instruction cycles one cycle
at a time, and including an instruction modifving element,
means for storing an instruction manifestation comprising
a one porton to initiate an instruction maedification, means
centrollable during one cycle by said one portion for
initiating an instruction medification opcration and means
controlled during said one cycle to feed said instruction
manfestation to szid instruction modifying element.

19. In a data processing system, operable in a sequence
of instruction cycles including means for cycling said ma-
chine through a series of such instruction cycles onc cycle
at a time, and including means for storing value manifesta-
tions, means for modifying an instruction manifestation,
means for storing an instruction manifestation comprising
a one portion, and means controllable during one cycle
by said one portion to select a value from said storing
means and apply said value to said modifying means, and
means operable during said one cycle to apply said instruc-
tion manifestation to said modifying means.

20. In a data processing system including address modi-
fication means, an instruction manifestation including an
address portion, means controlling said system for indi-
vidual instruction periods, means for storing value mani-
festations, connected to said address modification means,
means for transferring an address portion manifestation
to said modification means during one of said individual
instruction periods, other means for transferring a value
manifestation to said address modification means during
said same instruction period, means for examining said
instruction manifestation, and means confrolled by said
examining means to render said other transferring means
operable whereby an address is modified.

21. In an address modification system, an instruction
manifestation including an address portion, means storing
value manifestations, each value at a different address,
address modifying means connected to said storing means,
means for selecting a value manifestation at a chosen
address and for transmitting said value manifestation to
said modifying means, means for examining said instruc-
tion manifestation and means controlled by said examin-
ing means for selectively permitting said sclective and
transmitting means to be operative or inoperative in ac-
cordance with the result of said examination.

22. In a data proccssing system, including means for
controlling said processing and comprising an instruction
manifestation storing means said instruction including an
address portion, means conirolling said system for indi-

5

10

15

30

40

50

60

65

70

58

vidual instruction periods, address medification means
for receiving said address portion, means operative during
one such instruction period for transferring said address
portion to said modification means prior to the utilization
of said instruction for controlling said system, means for
storing values, and means controlled by said instruction
manifestation during said one instruction period for selec-
tively transferring or not transferring one of said stored
values to said manifestation means, prior to utilization of
said instruction to control said system.

23. In a data processing system including an accumu-
lator and instruction modification means, means storing
a manifestation of an instruction having a one portion,
means for testing said instruciion manifestation and means
controlled by said testing means for selectively transfer-
ring or not transferring said one portion to said instruction
modifying means.

24, In a data processing system including address modi-
fication means, means storing an instruction manifestation
including an address portion, means for storing value
manifestations, first means connecting said last named
storing means and said address modification means, second
means connecting said instruction manifestation storing
means and said address modification means, means ex-
amining said instruction manifestation and means con-
trolled by said examining means to permit said first means
to be operative or inoperative dependent upon the value
of an examined portion.

25. In a data processing system including data process-
ing control means controlled by an instruction manifesta-
tion, an instruction storing means for storing a manifesta-
tion of an instruction having a one portion, instruction
modification means betwean said storing means and said
conlrol means, means for transmitiing said instruction
manifestation to said modifying meass, means for examin-
ing said instruction and means controlled by said examin-
ing means to permit said modification means to be sclec-
tively operative or inoperative dependent upon the value
of said insiruction examined by said examining means,
to modify said one portion of said instruction.

26. In a data processing machine operable in a sequence
of instruction cycles including means for cycling said ma-
chine through a series of such instruction cycles one cycle
at a time each under control of an individual instruction,
means for storing an instruction manifestation comprising
a one portion, means controlled by individual instruction
manifestations for operaiing said machine during one
cycle, means for modifying an instruction, and means con-
trolled by said one portion for rendering said modifying
means operative and means for applying the output of said
modifying msans to said instruction comtrol operating
means during said one cycle.

27. A device as in claim 26, and including an accumu-
lator and means exclusive of said accumulator for modi-
fying said instruction manifestation.

28. A device as in claim 27, and including a source of
address modifier manifestations, and means controlled by
said one portion for directing said modifier manifestation
to said modifying means.

29. In a data processing machine operable in a se-
quence of instruction cycles including means for cycling
said machine through a series of such instructions one
cycle at a time, a value register, means for storing value
manifestations in said register, means for storing an in-
struction manifestation comprising one portion defining
an address and a portion defining a function, means in-
cluding said value register and operative during one such
cycle for altering the addiess of said instruction by the
amount stored in said value register, and means controlla-
ble by said function portion during said one cycle for
selectively initiating or not initiating alteration of said
address dependent upon the value of said function portion.

30. In a data processing machine operable in a sequence
of instruction cycles including means for cycling said
machine through a series of such instruction cycles one
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cycle at a time and including a register, means for storing
number manifestations in said register, means for storing
an instruction manifestation comprising one portion identi-
fying an instruction modifying operation and a portion
comprising the portion to be modified, means controllable
during one cycle by said one portion for selectively initiat-
ing or not initiating an instruction modifying operation,
and means operative during said one cycle performing an
arithmetical operation upon said portion to be modified
and the number manifestation in said register, upon initia-
tion of said instruction modifying operation.

31. Ina data processing machine operable in a sequence
of instruction cycles including means for cycling said
machine through a series of such instruction cycles one
cycle at a time, instruction modifying means having two
inputs, means for storing an instruction modifier mani-
festation, means for storing an instruction manifestation
including one portion for controlling an instruction modi-
fication and a portion to be modificd, means controllable
during one cycle by said one portion for routing said
modifier manifestation to one of said two inputs and
means routing the manifestation of said portion to be
madified to the other of said two inputs of said modifying
means.

32. In a data processing machine operable in a sequence
of instruction cycles including means for cycling said
machine through a series of such instruction cycles one
cycle at a time, an instruction modifying element, means
for storing an instruction modifier manifestation, means
for storing an instruction manifestation including one por-
tion controlling an instruction modification and another
portion comprising that portion to be modified, and means
controllable during one cycle by said one portion to
control the routing of said modifier manifestation to said
modifying element and means to control the routing of
said other portion manifestation to said modifying clement
whereby said other portion is modified in said cycle.

33, In a data processing machine operable in a sequence
of instruction cycles including means for cycling said
machine through a series of such instruction cycles one
cycle at a time, instruction modifying means having two
inputs, means for storing an instruction modifier manifes-
tation at selectable addresses, means for storing an in-
struction manifestation including a portion for controlling
an instruction modification, a portion comprising the
portion to be modified and a portion for determining the
address from which a modifier will be selected, and
means controllable during one cycle by said first named
portion and by said address determining portion for
selectively routing a modifier manifestation at a desig-
nated address, to one of the inputs of said modifying
means, and said portion to be medified, to the other of said
two inputs.

34. In a data processing machine operable in a sequence
of imstruction cycles inciuding means for cycling said
machine through a series of such instruction cycles one
cycle at a time and including an addressable register,
means for storing modifier number manifestations in said
register at different addressable locations therein, means
for storing an instruction manifestation comprising one
portion identifying an instruction modifying cperation, a
portion comprising a portion to be modified and a portion
designating the address in said register from which the
modifier number manifestation is to be obtained, means
controllable during one cycle by said one portion for
selectively initiating or not initiating an instruclion modi-
fying operation, means operative during said one cycle for
selecting a modifier number manifestation under the con-
trol of said address designating portion, and means opera-
tive during said one cycle to perform an arithmetic opera-
tion upon said portion manifestation to be modified and
the number manifestation sclected by said address desig-
pating portion.

35. In a data processing system including address modi-
fication means, an instruction manifestation including an
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address portion, means controlling said system for indi-
vidual instruction periods, means for storing value mani-
festations, means for connecting said storing means to
said address modification means, means for transferring
said address portion manifestation to said modification
means, means for examining said instruction manifesta-
tion, and means cooperaling with said transferring means
and controlled during a single instruction period by said
examining means to render said connecting means opera-
tive to transfer a value manifestation to said address
modifying means to modify an address manifestation dur-
ing a single instruction period.

36. In a data processing system including data process-
ing control means, instruction modification means, an in-
struction manifestation including a one portion, means
for transmitting said one portion to said modification
means, means for examining a portion of said instruction
manifestation, and means controlled by said examining
means to permit said modification means to be selectively
operative or inoperative, said modifying means being in
the path of the instruction manifestation to said data
processing control means.

37. In a data processing system including data process-
ing control means, instruction modification means, an in-
struction manifestation including a one portion, means
for transmitting said one portion to said modification
means, means for examining a portion of said instruction
manifestation, means controlled by said examining means
to render said modification means selectively operative or
inoperative, and a source of value manifestations from
which said modifying value manifestation is obtained.

38. A device as in claim 37, and including means for
selecting one value manifestation from said source in
accordance with the value of the examined portion.

39. A data processing system comprising an adder, an
indexing register for storing manifestations of data therein,
connected to said adder, a program register for storing
a manifestation of an instruction, connected to said
adder, said instruction having a portion comprising an
indexing section, means for testing said indexing section
for an indexing indication, means for directing the instruc-
tion manifestation through said adder and means con-
trolled by said testing means for directing the manifesta-
tion of the data in said index register through said adder
in synchronism with the instruction manifestation to there-
by modify the instruction manifestation.

40. In a data processing system for selectively process-
ing data stored at predetermined addresses under the
control of instruction word manifestations specifying pre-
determined addresses, the combination of an adder, an
instruction register for sequentially storing the manifesta-
tions of instruction words and connected to said adder, an
auxiliary register for storing manifestations of data, con-
nected to said adder, means for passing an instruction
word manifestation through said adder, means for testing
the manifestations of the instruction word for a data
modifying indication, and means controllable by said
testing means for selectively modifying an instruction
word manifestation by the data manifestations in said
index register, by passing a data manifestation through
said adder simultaneously with the passing of said instruc-
tion word manifestation.

41, In a data processing system for performing arith-
metic operations on data under the control of instruction
words, the combination of an address modification means,
means for storing data manifestations in said address modi-
fication means, instruction word manifestation storing
means for storing an individual instruction word, said
word including an address portion, means for examining
said instruction word for a manifestation indicating an
address-modify instruction, means controlled by said ex-
amining means for altering the data comprising the
address portion of the instruction word manifestation by
the value of the data in said address modifying means,
and means utilizing the modified address manifestation for
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continued operation of said data processing system in ac-
cordance with said modified address.

42. In a digital computer operating from an internally
stored program comprising information to be operated
on and commands specifying the operation including input
means for recording the program to be introduced directly
into the computer and to be executed by same, said pro-
gram comprising groups of sub-programs having a group
of commands, each command specifying an operation to
be performed by the computer and an address correspond-
ing to a stored location of information upon which the
operation is to be performed, means for storing the infor-
mation and the commands to be executed at preselected
storage locations, register means for receiving the pro-
gram, means including said register means for receiving
and selectively modifying the address portions of prese-
lected commands comprising a sub-program, means for
sensing the commands to actuate said modifying means
when preselected commands are registered, and means
for transferring the commands including the modified com-
mands of a sub-program out of said modifying means
whereby the program may be directly executed by the
computer.

43, In a digital computer operating from an internally
stored program comprising information to be operated on
and commands specifying the operation and an address
corresponding to the storage location of information upon
which the operation is to be performed, means for in-
ternally storing a program to be executed by the com-
puter, an input device for reading a program to be stored
by said internal storage means, storing means associated
with said computer for receiving the program from said
input device, means coupled to one of said storing means
for receiving and selectively modifying the address por-
tions of ihe commands of said program, means for sensing
the commands to actuate said modifying means when pre-
selected commands are sensed, and means for receiving
the program from said modifying means and transferring
same.

44, In a digital computer operating from an internally
stored program comprising information to be operated
upon and commands specifying the operation, including
input means for recording a program to be introduced
directly into the computer and to be executed by same,
said program comprising groups of sub-programs having
a group of commands, each command specifying an op-
eration to be performed by the computer and an address
corresponding to a storage location of information upon
which the operation is to be performed, register means
for storing the information and the commands to be exe-
cuted at a preselected storage location, register means
receiving the program to be stored from said input means,
means coupled to one of said register means for selectively
modifying the address portion of preselected commands
comprising a sub-program, another register means coupled
to said modifying means for storing modifying digits to be
applied to said modifying means, means for sensing the
program as it is received by said cne register means for
actuating said modifying means when preselected com-
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mands are sensed, and means for receiving the program
from said modifying means and transferring same to said
one register means.

45. In a digital computer operating from an internally
stored program as defined in claim 44 wherein said modi-
fying means comprises an adder.

46. In a digital computer operating from a stored pro-
gram comprising information to be operated upon and
commands having address portions and another portion,
specifying the operation, means for storing information
manifestations and the manifestations of the commands
to be exccuted at preselected storage locations, means for
receiving and selectively modifying the address portions
of command manifestations and including means for
sensing said other portions of said command manifesta-
tions to actuate said modifying means.

47. In a digital computer operating from an internally
stored program comprising information to be operated
upon and commands specifying the operation, and an
address corresponding to the storage location of informa-
tion upon which the operation is to be performed, said
commands including a portion to selectively indicate
whether an address modification operation will or will not
be performed, mcans for internally storing a program
manifestation, means for receiving and selectively modify-
ing the address portions of the commands and means for
sensing the respective commands to actuate said modifying
means when said commands are respectively sensed and a
modifying indication is obtained.

48. In a digital computer operating from a stored pro-
gram comprising information to be operated on and com-
mands specifying the operation, each command specifying
an operation to be performed by the computer and an
address, means for storing information manifestations
and manifestations of commands to be executed, at pre-
selected storage locations, means for receiving and selec-
tively modifying the address portions of command mani-
festations and means for actuating said receiving and
modifying means under control of a command manifesta-
tion, said receiving and modifying means being located in
the path traversed by said commands in moving from one
situs of said command manifestation to another situs of
said command manifestation.
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