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Improvements in or relating to Data Sterage Arrangements
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We, NATIONAL RESEARCH DEVELOPMENT
CORPORATION, of 1, Tilney Street, London,
W.1., a British Corporation established by
Statute, do hereby declare the invention, for
which we pray that a patent may be granted to
us, and the method by which it is to be per-
formed, to be particularly described in and by
the following statement:—

This invention relates to data storage
arrangements suitable for use in an electronic
digital computing machine and is more parti-
cularly concerned with storage arrangements
providing a large number of separate word
storage locations or addresses which are im-
mediately accessible on demand by an appro-
priate address signal and which include as
storage means devices which become im-
maobilised for a predetermined period of
time after being subjected to a reading or
writing operation. The invention is particu-
larly, although not exclusively, concerned with
data storage arrangements comprising a large
number of magnetic storage cores or similar
remanent induction type devices arranged in
matrix form.

It is well known that a magnetic core type
storage device comprising a large number of
separate storage cores arranged in matrix form
for the registering of a plurality of multi-
digit data words in an electronic digital com-~
puting machine is subject to a limitation of
the speed of successive usage for either read-
ing therefrom or writing thereinto. For ex-
ample, although an actual reading or writing
operation involving a particular group of
cores of the matrix block which form the
storage location for one data word may be
effected in, say, 0.5 microsecond, the whole of
such matrix block including all of the remain-
ing cores forming the storage locations for a
large number of other data words becomes

effectively immobilised for a considerably
W

N

longer period, say, 2 microseconds. In the case
of high speed machines which are capable of
effecting arithmetic operations in, say, 1 micro-
second, this delay or immobilisation period
can result in considerable and unnecessary
operational delay particularly when, as is fre-
quently the case in practice, successive order
words of the order programme are located in
sequentially numbered addresses and/or the
data or number words called for by successive
orders are likewise located in sequentially
numbered addresses.

An object of the present invention is to
provide an improved arrangement by which
the effect of such delay or immobilisation
time may be largely avoided.

In accordance with the invention, the data
storage device comprises a plurality of physi-
cally separate blocks or matrices of storage
elements, e.g. magnetic storage cores, each
capable of registering a plurality of data words
and the address selection control means are
so arranged that the groups of storage ele-

‘ments constituting storage locations having

successive address numbers are located in
different ones of said blocks or matrices, Thus,
for example, in a data storage arrangement
providing 8192 separate word storage loca-
tions, eight separate blocks or matrices each
accommodating 1024 words may be employed
and the group of storage elements constituting
address 0 arranged in the first block, those
of address 1 in the second block, those of
address 2 in the third block, those of address
3 in the forth block, those of address 4 in
the fifth block, those of address 5 in the
sixth block, those of address 6 in the seventh
block, those of address 7 in the eighth block,
those of address 8 in the first block again and
so on. In an alternative and operationally
preferable arrangement providing the same
8192 word storage capacity in eight blocks or
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matrices each accommodating 1024 words,
the groups of storage clements constituting the

even numbered addresses 0, 2 . . . . 2046 are
arranged in the first block, those of the odd
numbered addresses 1, 3 . . . . 2047 are

arranged in the second block, those of even
numbered addresses 2048 . . . . 4094 in the
third biock, those of odd numbered addresses
2049 . . .. 4095 in the fourth block and so
om,- alternate blocks containing even and odd
numbered addresses respectively.

In order that the nature of the invention may
be more readily understood, two very simple
exaniples will now be desczibed by way of

illustzative example-and with reference to the

accompanying “drawings, in which:

- Figure 1 is a block schematic disgram of a
first data word storage arrangement in accord-
ance with the invention, while

Figure 2 is a block schematic diagram,

similar to Figure 1, of an alternstive data .

word storage azzangement aiso in accordance
with the invention. : : :
Each of the examples illusirated and about
to be described has purpasely been simplified
so as to deal wit hoanly sixtecn separate data
word storagz locations or addresses distributed
among four separate blocks or matrices of

storage elements but the manner of extension’

‘of the arrangement to accommodate the usual,
much lasger, numbers. of sterage locations will
be obvious to thosze skilled in the art. The

described examples utilise, as individual digit -

storage elements, magnetic storage cores of any
convenient and now well known form, for

‘example, rings of ferrite material having a
- hysteresis characteristic of so-colled “square

logp” ferm, but it will be understosd that the
basic features of the invention are more widely

~ applicable and ere of utility and advantage
“with many. other -forms of storage element

which require a recovery period following
use which is greater than the minimu: pzriod
existing between two possible and sequential
demands for access thereto.

In the arrangement shown.in Fig. 1, A, B,

C and D each represeat a block or matrix

argangement -of magnetic storage ceres with
their associated windings. Each matriz block
is agsumad to provide for the registration of
four data words, e.g. each of 40 digits length

.and the word signal input to or output from

each matrix block is indicated as being by
way of busbars 19. The particular ferm of
each matrix black is immaterial to an under~
standing of the invention. It may be agranged

struction. The method of controlling s=lecticn

-of the group ef coses constituting a required

word storage address is likewise irrelévant to

- the invention as is also the particular method

of effecting reading or writing. For simplicity
it will be assumed that energisation of any one
address lead 18 by a control signal # will effect

a required reading or writing operation with
the particular group cf storage cores related
to such address lead.

The particular storage location address
numbers allotted to the respective word loca-
tions of each matrix block are shown against
each address lead 18, Thus address O is in
block A, address 1 is in block B, address 2
is in block G, address 3 is in block D, address
4 is in block A again and so on sequentially
and in the same regular order.

With the simple 16 separate addresses of
the embodiment shown, only four binary digits
will be required to define uniquely any parti-
cular one of the available word storage loca-
tions and these four address digits, present
in each order for defining the particular re-
quired storage address, are assumed for the
purpose of easy explanation to be staticised
by a four-stage staticitor 10, the inputs being
shown as of parallel form on leads 11° 11 11*
and 11° to each staticisor stage 10°, 10%; 10°
-and 10° but clearly serial form operation is
equally possible. . The staticisor 10 may com-~
prise, in well known manner, a group of two-
stable-state irigger circuits which can be set
either into a first or ‘0’ state or into a second
or ‘1’ state, each trigger circuit providing two

alternative ‘0’ and 1’ state outputs in accor-

dance with the state into which it is set. Thus

when any trigger circuit is in its ‘0’ state, its

‘0’ output may provide a chesen potential or
current while the ‘1’ output thereof provides
either zero potential or current or some other
value different from that provided by the ‘07

- output. With the trigger circuit reversed to

its ‘1’ state, the ‘1> output thereof now pro-
vides said chosen potential or current while
the ‘0’ output provides zero potential or
currznt or sz2id other and different value poten-
tial or current. In many instances of parallel
mode operation, the address digit signals are
available as sustained voltages or currents and
in such cases the trigger circuits or other form
of staticisor may not be needed, the said
address digit signals themselves providing the
requisite ‘1’ state version and the anti-phase
‘0> state version being derived therefrom
threugh inverter means.

“Each address lead 18 of matrix block A in-
cludes a coincidence or AND gate 14%, 15%,
16% 17* having three controlling inputs, one of
which is supplied with a control signal 7,
another is derived from the signal output of
a further ccincidence gate 12* and the third
is supplied from one of a series of four further
coincidence gates 13, 13% 'and 13° and 13?
respectively. The address leads 18 of blocks
B. C and D similarly include coincidence gates
-14%—17" 14°—17° and 14%—17* respectively,

-each having the aforesaid control signal » as

one input. The control signal # may comprise a
single pulse or 3 series of pulses of a duration
suited to the required reading or writing opera-
tion and time controlled with respect to the
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associated computing or like machine to coin-
cide with the required instants of reading from
or writing into the store in well known manner.
Coincidence or AND gates 14°, 14° and 14*
are also controlled, in parallel with gate 14%,
by the output of gate 13* and, in similar
manner, the groups of further gates 15%—159,
16°—16 and 17"—17% are controlled by the
outputs of gates 13, 13° and 13 respectively.

The group of gates 14°, 15° 16® and 17°
have their remaining control input supplied
from gate 12", the group of gates 14°, 15°, 16°
and 17° from gate 12° and the group of gates
144, 15% 16® and 17¢ from gate 12¢,

Gates 127, 12°, 12° and 127 are controlled
by the two least significant address digits
staticised in staticisor, stages 10°, 10" whereby
gate 12* provides an output for the digit values
00 of the two least significant address digits
whereas gate 12" provides an output only for
the values Ol of the same digits and gate
12° an output only for the digit values 10
while gate 12¢ provides an output only for the
digit values 11.

Gates 137 13% 13° and 13% are controlled
in similar manner by the two most significant
address digits staticised in staticisor stages
10% 10° whereby gate 13* provides an output
only for the most significant digit values 00,
gate 13® an output for the digit values 01,
gate 13° an output for, the digit values 10 and
gate 13% an output for the digit values 11.

Thus, in operation, if a series of applied
address signals define a series of sequential
address numbers, the related groups of storage
cores selected for successive use will be located
in different successive matrix blocks. For
example, a first address signal 0100 (address
4) will stimulate gates 12* and 13® and will
therefore open gate 15* to admit the control
signal # to block A. The next sequential
address signal 0101 (address 5) will stimulate
gates 12 and 13® and will therefore open gate
15® to admit the control signal + to block B.
Similarly, further sequential address signals
0110 (address 6y and 0111 (address 7) will
provide access to matrix blocks C and D
respectively. Each matrix block is accordingly
used only once in each group of four successive
address number signals and the resultant mini-
mum permissible access time to the store as
a whole is reduced by a factor of 4, e.g. to 0.5
microsecond if each matrix block has an im-
mobilisation time of 2 microseconds.

Under operational conditions, a regular
sequence of successive address signals such
as 0, 1, 2, 3 ... . may well not be en-
countered except perhaps in connection with
the successive order signals of a computing
programme and even then certain orders, such
as those of the conditional transfer type, will
break the routine at frequent intervals. In
order to provide for a possible need to obtain
access successively to two storage locations
which are each in the same matrix block,

means are provided for generating a “busy”
signal associated with each storage block
lasting for the aforesaid immobilisation period
of, say, 2 microseconds following each in-
stant of use of an address in such matrix block.
This busy signal is arranged to be used as an
inhibiting signal in the control system of the
machine to prevent the next address selection
operation taking place if it is in the same
storage block until an appropriate recovery
time has elapsed, the machine operation then
having a corresponding delay imposed thereon.

One arrangement for providing such “busy”
or inhibit signal is illustrated for the matrix
block A in Fig. 1 and comprises a flip-flop or
mono-stable trigger circuit 20 having its trig-
gering input supplied by way of a buffer or
OR gate 21 from each of the address leads 18
of the matrix block A. The output lead of
the flip-flop 20 is connected by way of a
delay circuit 22 to the controlling input of a
coincidence gate circuit 23 whose other signal
input is supplied also from the buffer 21.

The flip-flop 20 is triggered on whenever
any one of the address leads 18 for matrix
block A becomes energised consequent upon
the use of a storage location therein. The
resultant output from the flip-flop 22 then
conditions the gate 23 to become open but
only after a delay time period imposed by the
delay circuit 22. The latter is chosen to be of
such value that the gate 23 is not opened until
after the active period of the control signal
» has terminated so that, with each single
use of the block A, no inhibit signal can
appear on lead 24. The relaxation period of
the flip-flop 20 is chosen so that, in combina-
tion with the delay circuit 22, the controlling
input to gate 23 ceases at the end of the parti-
cular immobilisation time. Further use of the
matrix block A after the end of such period
merely causes a repetition of the operation so
far described. If, however, a further address
signal appears on any one of the leads 18 of
matrix block A before the controlling input
supplied by the flip-flop 20 to the gate 23 has
ceased, then such further signal passes through
the opened gate 23 and appears on lead 24 as
an inhibit signal which is used to hold up the
normal cycle of operations in the control
system. It will be understood that each of
the other matrix blocks B, C and D is pro-
vided with similar arrangements, the various
output leads 24 being taken to a common in-
hibit circuit of the control system.

Fig. 2 illustrates in a simple form equivalent
to Fig. 1 the rearrangement according to a
second and preferred form of the invention in
which a first group of sequential even-num-
bered addresses 0, 2, 4 and 6 are disposed
in block A, a first group of sequential odd-
numbered addresses 1, 3, 5 and 7 are dis-
posed in block B, a second group of sequential
even-numbered addresses 8, 10, 12 and 14
are disposed in block C and a second group
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of sequential odd-numbered addresses 9, 11,
13 and 15 are located in block D. Corres-
ponding elements have been given similar
reference characters to those of Fig. 1 and
the manner of operation will be self-evident.
A “busy” signal is provided in this embodi-
ment as in the previous arrangement of Fig. 1.
This modified arrangement has the advantage,
particularly when more than four matrix
block are employed, that orders or instructions
of a computing programme can be concen-
trated in two of the blocks, for instance, in
blocks A and B, and the remaining matrix
blocks used exclusively or almost exclusively
for number ward storage. This not: only re-
duces the likelihood of successively required
addresses being located within the same block
but also facilitates the change of the contents
of the different blocks by means of block
transfers to and from a subsidiary or back-
ing store.

It will be apparent that many different ways
of arranging for the required successional use
of different matrix blocks are possible, the
choice being governed to a large extent by the
type and arrangement of the blocks them-
selves. By increasing the number of blocks
available, the effective access time may obvi-
ously be further reduced. For example, if six-
teen matzrix blocks are provided and arranged
in the manner described, then if the immo-
bilisation time for each block is 2 micro-
seconds; the minimum reading or writing time
could be reduced to 0.125 microseconds.

WHAT WE CLAIM IS:—

1. A data storage arrangement, suitable for
use in an electronic digital computing machine,
which comprises a plurality of separate blocks
or matrices of data word storage elements, each
capable of registering a plurality of separate
data words, and address selection control
means for rendering any one of the data word
storage locations accessible for reading or
writing by application to said address selection
control means of an address number signal
in which said address selection control means
are so arranged that address signals defining
successive address numbers cause selection of
word storage locations which are in different
ones of said blocks or matrices.

2. A data storage arrangement according
to claim 1 which includes N separate blocks
or matrices of data word storage elements, N
denoting a number of 2 or more, and in which
said address selection control means are so
arranged that the respective address signals
defining any group of N sequential address
numbers cause selection of a single word
storage location in each one of said blocks or
matrices in turn.

3. A data storage arrangement according to
claim 1 which includes N separate blocks or
matrices of data word storage elements, N
denoting any even number of 4 or more, and

in which said address selection control means
are so arranged that the respective address
signals defining all odd address numbers in a
first sequential group of numbers equal to the
total number, of word storage locations in a
first pair of said blocks or matrices cause selec-
tion of a related unique word storage location
in one of said first pair of blocks or matrices
whereas address signals defining all even
address numbers of said first group cause selec-
tion of a related unique word storage location
in the other one of said first pair of blocks or
matrices while the respective address signals
defining all odd address numbers of a second
sequential group of further numbers equal to
the total number of word storage locations in
a second pair of said blocks or matrices cause
similar selection of a related unique word
storage location in one of said second pair of
blocks or matrices whereas address signals
defining all even address numbers of said
second group cause selection of a related
unique word storage location in the other one
of said second pair of blocks or matrices.

4. A data storage arrangement according to
any one of the preceding claims which includes
means for generating a “busy” signal for a
predetermined interval of time following each
selection of a word storage location in any one
of said blocks or matrices,

5. A data storage arrangement according to
any one of the preceding claims which in-
cludes means for generating a signal usable to
inhibit continued operation of the machine
or like means associated with said storage
arrangement in the event that a second selec-
tion of a word storage location in any one
of said blocks or matrices occurs within a pre-
determined interval of time following a pre-
vious selection of a word storage location in
the same block or matrix.

6. A data storage arrangement according to
claim 4 or 5 in which said signal generating
means comprises an electric pulse generating
device adapted to provide an output pulse of
predetermined time duration following appli-
cation of a control input signal thereto, said
pulse generating device having its contrel input
connected so as to be energised by the selec-
tion of any one of the word storage locations
in the related block or matrix. ‘

7. A data storage arrangement according to
any of the preceding claims in which said
storage elements are of the magnetic core
storage type.

8. A data storage arrangement substantially
as described and as illustrated in Fig. 1 or
Fig 2 of the accompanying drawings.

POLLAK, MERCER & TENCH,
Chartered Patent Agents,
Audrey House,

Ely Place, London, E.C.1.
Agents for the Applicants.

Leamington Spa: Printed for Her Majesty’s Stationery
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtained

Office by the Courier Press.—1964.
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