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is equivalent in size to the field of data logic signals transferred on
the system bus and has an address structure so that each addres-
sable data signal group can be stored in a signale array. The add-
ress field of each array unit is further adapted so that the probabil-
ity of interfering activity in each array is low. The arrays are
adapted to process data signal groups independently, thus, activity
involving several arrays can take place simultaneously. The memo-
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ping activity so that activity involving several array units can be in
progress simultaneously. Because the manipulation of the storage
cells requires the most amounts of time in the memory unit, and
because the arrays are performing this activity independently for
each signal group, then the memory unit can be adapted to process
the signal groups applied sequentially to the system without delay
in nonexceptional circumstances, the most general exceptional cir-
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APPARATUS AND METHOD FOR PROVIDING DISTRIBUTED CONTROL
IN A MAIN MEMORY UNIT OF A DATA PROCESSING SYSTEM

2

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates generally to data
processing systems and more particularly to the main
5 memory unit storing the signal groups required for
the current operation of the data processing system.
The present invention provides for distributed
control in the main memory unit as contrasted with
the centralization of the memory unit control
10 function in typical data processing subsystems.
2. Description of the Related Art
Referring to Figure 1, a typical data processing
system configuration is shown. The data processing
system includes at least one central processing unit
15 10 ( or 11), at least one input/output device 13 (or
14), a memory unit 15 and a system bus 19 coupling
the plurality of units or subsystems of the data
processing system. The central processing unit
processes groups of logic signals according to
20 software and/or firmware instructions, The 1logic
signal grdups to be processed as well as the
currently executing program are typically stored in
the memory unit 15. A console unit 12 can be coupled
to the central processing unit(s) and includes the

25 apparatus and stored instructions to initialize the
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system. The console unit 12 can also act as a
terminal during the operation of the data processing
system. The input/éutput unit(s) 13 (or 14) provide
the interface to the remainder of the data processing
5 system to terminal wunits, mass storage units,
communication units, and any other units to Dbe
coupled to the data processing system. The detailed
function of the units coupled to the system bus 1is
less important than the fact that these units operate
10} autouomously.and communicate with the remainder of
.the data processing units by means of the system bué.
In particular, the system bus is used to store’signal
groups into and to retrieve signal groups from the
memory subsystem by the other subsystems.
L5 Referring next to Figure 2, a block diagram of a
tYpical main memory subsystem 15 found in the.related
art is shown. The main 'memory unit 15 includes a
memory interface unit 21 that exchanges signals with
the system bus 19. The memory interface unit 21 1is
20 coupled to an array bus 22 and the array bus 22 has
at least one memory array unit 23 coupled thereto.
The memory array units 23 (through 25) are comprised
of a plurality of logic signal storage elements
organized in groups so that each group of storage
25 elements can be accessed by a unique address logic
signal group. The memory interface unit 21 includes

the apparatus for controlling the exchange of logic
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signal groups, identified by an address logic signal
group, between the memory array units 23 through 25
and the system bus 19. The memory interface unit 21
includes apparatus for identifying signal activity on

5 the system bus 19 directed to the memory unit 15 as
well as apparatus for returning logic signal groups
to the subsystems transmitting requests for the
signal groups. Buffering of the data signal groups,
error correction and generation of control signal are

10 also typically performed in the memory interface unit
21 in the related art.

The foregoing méin memory architecture limits
the amount of activity that can be performed in the
main memory subsystem, because the activity must be

15 performed under the control of the memory interface
unit 21, to a single activity unless éarallel
apparatus is included for simultaneous processing of
a plurality of signal groups,

A need has therefore been felt for apparatus and

20 method of operation for the main memory subsystem
that can permit a multiplicity of simultaneous
operations involving the memory subsystem. This
requirement is particularly stringent in the computer
systems referred to as "write through" data

. .25 processing systems in which each group of data
signals from the central processing system 1is

immediately stored or written into the main memory
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subsystem. The memory activity resulting from this
type of data procegsing system requirement can result
in performance deterioration unless the memory
subsystem is designed to accommodate the increased
activity.

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide an improved data processing unit.

It is a further object of the present invention
to provide an improved main memory subsystem for a
data processing system,

It is yet another object of the present
invention to provide a plurality of storage cell
arrays in a main ﬁemory suBsystem, each array capable
of functioning independently of the other storage

cell arrays.

It is a still further object of the present-

invention to provide an array unit bus, wherein a
plurality of storage cell arrays are coupled to the
array unit bus and wherein an interface unit couples
the array unit bus with the system bus.

The aforementioned and other objects are
accomplished, according to the present invention, by
providing a main memory subsystem that includes a
plurality of storage cell array units for storing
groups of logic signals, an array bus coupled to the

storage cell array units, and a memory array
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interface unit for coupling the array bus and the
system bus. The storage cell array units each have
control apparatus associated therewith controlling
the operation of the storage cells associated with
the storage cell array. The control apparatus also
serves the function of communicating the status of
the storage cell array unit to the memory array
interface unit to prevent inconsistent activity in
the storage cell array units.

These and other features of the present
invention will be understood upon reading of the
following description along with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the components of
a data processing system capable of utilizing the
present invention.

FIG. 2 is a block diagram of a main memory unit
typically provided in related data processing
systems.

FIG. 3 is a block diagram of a main memory unit
according to the present invention.

FIG. 4L is a block diagram of the apparatus
providing the interface, in the main memory unit,
between the memory boards and the data processing
system.

FIG. 5 is a block diagram of apparatus

comprising the memory boards according to the present

PCT/US87/00185
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invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
1. Detailed Description of the Figures

Figure 1 and Figure 2 have been previously
described with reference to data processing systems
of the related art.

Referring next to Figure 3, the basic structure
of the main memory subsystem 15 according to the
present invention 1is shown.. The main memory
subsystem 15 includes sz memory interface unit 40 that
couples the main memory subsystem 15 to the system
bus 19. The memory iﬂterface unit 40 is coupled to
and exchanges signals with the memory unit bus 32.
The memory wunit bus 32, in turn, exchanges logic
signal groups with a plurality of memory boards,
memory boards 50 and 50" shown as an example of tﬁe
relationship of the memory boards with respect to the
remainder of the main memory subsystem. Each memory
board 50 includes a board interface wunit 51 that
exchanges logic signals with the memory unit bus 32,
The board interface wunit 51, in turn, exchanges
groups of logic signals with array bus 52 on board
50, while an plurality of memory arrays units, 53
through 54, also on board 50, are coupled to the
array bus 52.

Referring next to Figure 4, a block diagram of

the memory interface unit 21 is shown. A system bus

PCT/US87/00185
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interface unit 401 controls the exchange of signals,
including control signals between the system bus and
the rest of the main memory unit. Of particular
interest is the control signal labelled Memory Busy.
With respect to the logic signal groups representing
data, the data-in buffer wunit 402 provides a
temporary storage for data signals to be stored in
the memory arrays 53 through 54. From the data-in
buffer- unit 402, the data signal groups are
transferred to the memory unit bus 22, The data-out
buffer unit 403 provides a temporary storage for data
signal groups from the main memory unit that are to
be transferred to a subsystem requesting the signal
groups. A data path for data signal groups via
memory bus .32 from the memory arrays 53 through 54 to
the data-in buffer 402 is provided for the masked
write operation, i.e. an operation in which the data
signal group at a predetermined location (agdress) is
only partially replaced with data from other
subsystems. ECC generator unit 406, ECC comparison
unit 405 and error correction apparatus 404 are
included to verify the accuracy of the data being
transferred from the memory subsystem to another
portion of the data processing system. The memory
interface unit also includes an address buffer unit
420 for temporary storage of address signal groups of

data signal groups being stored in or retrieved from

PCT/US87/00185
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the memory unit. The address buffer unit 420 is

coupled to the syspem bus interface unit 401 and to

the memory unit bus 32 to implement the transfer of

address signal groups between the memory arrays 53
S through 54 and the system bus 19.

Included in the memory interface unit 21 are
also a multiplicity of wunits for controlling and
monitoring the operation of the memory subsystem..The
array status unit 410 receives signals from and

10 applies signals to the memory control sequencer 411.
The array status unit 410 also receives Data
Ready/Done and Send No Command signals from the
memory boards. The command buffer unit 412 provides a
temporary storage for commands that are received from

15 and applied to the system bus interface unit 401, The
command buffer unit 412 also applies control signalé
to logic unit 414, Logic unit 414 also receives
siénals from the masked write control unit 413. The
memory control sequencer 411 applies signals to the

20 memory unit bus 32 and to the read command buffer 416
for temporary storage. The read command buffer 416
applies signals to the read command execution unit
417; the read command execution wunit 417 in turn
applies signals to the memory unit bus 32 and to the

25 masked write control unit 413.

As stated above, the array status unit 410

receives Data Ready/Done signals and Send No Command
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signals from the memory arrays. The Send No Command
signals are used fo insure that each array unit 53
through 54 is processing only one read command or a
refresh operation. The Data Ready/Done signals are
5 used to control status bits in the array status unit
410. The Data Ready/Done signals are asserted by the
memory array prior to its being capable of processing
another read operation,.the data signal group having
not been removed. The Send No Command signal is
10 asserted and remains asserted prior to the assertion
of the Data Ready/Done signal and remains asserted
until the memory interface unit 21 has removed the
data signal groups. Logic components (not shown) in
~the memory interface unit 21 insure that the commands
15 are not sent to the the memory arrays 53 through 54
between the time that the memory interface unit 2i
begins removing the data signal group and completes

the data signal group removal.
It will be clear that numerous interconnections
20 between the components of the memory interface unit
that are typically used by a memory interface unit
and have a standard functionality have not been
explicitly illustrated. However, several signal
lines that are useful in the explanation of the
25 operation of the present invention are specifically
shown. Busy Request lines couple control signals from

the data-in buffer unit 402, the address buffer unit
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420, and the command buffer unit 412 to the system

bus interface unit, 401. The presence of appropriate

signals on these lines can result in a Memory Busy

signal being applied to the system bus 19 (i.e. for

5 use with a system bus arbitration unit). Similarly,

the array status unit 410 receives Data Ready/Done

signals and Send No Command signals, described above,
from the memory boards.

Referring next to Figure 5, the apparatus

10 implementing the memory boards, e.g. 50, according to

the present invention is shown. The board interface

unit 51 includes an array interface unit 510 that

receives command signals from the memory unit bus 32

and applies status signals to the memory unit bus 32.

15 The array interface unit 510 applies command signals

to the array bus 52 and receives (Done) statgs

signals from the array bus. The board interface unit

51 also includes a data-out buffer unit. 511 for

temporary storage of data signal groups applied to

20 the array bus from the memory arrays 53 through 54,

an address-in buffer unit 513 for temporary storage

of address signals to be applied to the array bus 52

and data-in buffer unit 512 for-temporafy storage of

data signals to be stored in the storage cells of the

25 array. The data-in buffer unit 512 also includes ECC

bit generation apparatus for storage with the data

signal group.
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The memory array units 53 through 54,
illustrated in Figure 5, each include a sequencer
unit 531 for receiving commands from the array bus 52
and for applying status (Done) signals to the array

5 bus 52, The sequencer wunit 531 controls the
operation of the associated array of storage cells
532 within the memory array unit in response to the
command signals received from the array bus. The
memory array unit also includes a data-in buffer unit

10 533 for temporary storage of signal groups to be
stored in the storage cell array 532, an address
buffer wunit 534 for temporary storage of signals
determining the location in Fhe storage cell array
532 to be manipulated by the sequencer unit 531 and a

15 data-out buffer unit 535 for temporary storage of the
signal groups being retrieved from the storage ceil
array 532. In the preferred embodiment, the data-in
lines and buffer are also used as the data-out lines
and buffer,

20 2., Operation of the Preferred Embodiment

Referring once again to Figures 3 and 5, the
storage cells comprising the memory array units 53
through 54 on a memory board are implemented in such
a manner that the number of logic signals that are

25 transferred in parallel on the system bus, sometimes
designated as a word or longword, can be stored in a

group of associated related storage cells in one of
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the memory array units. That is, the word or long
associated with gn address signal group can be
completely stored in the memory array unit responding
to the associated address signal group so that each
5 group of signals transferred on the system bus 1is
related to a single memory array unit. The memory
array units are typically implemented in a technology
that is considerably slower than the technology

implementing the remainder of the signal processing

o
(]

circuits of the data processing system. As a result,
the time to perform an operation involving the array
can occupy multiple system clock cycles. To minimize
the impact of the relatively slow speed of the memory
arrays, the addresses can be arranged so that each
15 array contains an address that is in consecutive
sequence with the addresses of other arrays on.the
board. Furthermore, the addresses of the boards are
also adapted so that the same array will not receive
a second address in a consecutive sequence of
20 addresses until all the other arrays have been
addressed.

In a typical embodiment, the memory unit can
include 8 boards and each board can include 4 memory
arrays. In this situation, each memory array can be

25 adapted to respond to every 32nd address in the

consecutive memory array address sequence (wherein

each memory address can be associated with a
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plurality of signal groups .addressable by other
subsystems of the, data processing unit), although
this capability may not be necessary 1in practice.
However, the memory boards as described in the
typical embodiment can support four write commands
being processed simultaneously, or one read command
being processed.

In the preferred embodiment, the address signal

.group can be applied to the arrays approximately

three clock cycles after the address/command cycle is
begun on the system bus. During this period of time,
the determination is made in the memory interface
unit 21 that the address signal group is valid, that
a memory command is involved, and that the array unit
that will process the command is available. Thus,
the 'memory unit has the apparatus to transfer the
signal groups to the appropriate array unit with
sufficient rapidity so as nqt to limit the memory
activity under normal circumstances.

The Busy Request signals can be generated by the
command buffer unit 412, the address buffer unit 420
and the data-in buffer unit 402 when these units are
in danger of being unable to process in-coming signal
groups in an appropriate manner. The Busy Request
signals are applied to the system interface unit 401

and the system interface unit can apply a Memory Busy

signal to the system bus or to dedicated signal

PCT/US87/00185
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paths. In the preferred embodiment, the Memory Busy
signal, generated as a result of an earlier
transaction, may be used to inform a data processing
subsystem that an attempted later transaction was not
successful prior to the notification of such a result
by the means of the Confirmation Busy signal. In this
manner, the data processing subsystem can -begin
attempting to reinitiate the transaction sooner. The
Memory Busy signal 1is also used to prevent the
arbitration unit from awarding access to the system
bus for a transaction that may not be successful.

It will be clear that control signals exchanged

‘between memory boards 50 and the memory interface

unit 21, which permit the memory arrays to function
independently, similarly permit the boards 50 etc. to
function independently f;om'the other memory boards
and from the memory interface unit itself. As a
result, memory boards with arrays which operate at
differe%t speeds can be used interchangeably in the
board positions of the memory unit 15 of the present
invention. -

The foregoing description is included to
illustrate the operation of the preferred embodiment
and is not meant to limit the scope of the invention.
The scope of the invention is to be limited only by
the following claims. From the foregoing description,

many variations will be apparent to those skilled in

PCT/US87/00185
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the art that would yet be encompassed by the spirit

and scope of the igvention.
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What is Claimed 1iss&
1 1. A data processing system comprising:
2 a system bus;
3 at least one data processing unit coupled to
4 said system bus; and,
5 a memory subsystem coupled to said system bus,
6 said memory subsystem including:
7 a memory array interface unit coupled to
8 said system bus; and,
9 a plurality of storage cell array units,

10 each of said storage cell array units including a
11 array of storage units and apparatus for controlling
12 the operation of said array of storage units, wherein
13 a plurality of said drray units can process data

14 signal groups simultaneously.

*

1 2. The data processing system of Claim 1 wherein said
2 array units are coupled in groups, each of said array
3 unit groups capable of processing memory operations
4 at different rates.

1 3. The data processing system of Claim 1 wherein said
2 memory subsystem further includes means for
3 generating a signal when said subsystem can no longer

4 process incoming data.
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1 4. A memory board for use in a data processing system
2 having a memory subsystem with a system bus interface
3 unit and a plurality of said memory boards coupled

4 thereto, said memory board comprising:

5 at least one array means for storing data signal
6 groups;

7 sequencer means for controlling operation of
8 said array means, said sequencer means including
9 apparatus for generating a first signal when said

10 array has completed a memory operation; and

11 interface means for applying a first and a
12 second signal to said system bus interface unit, said
13 first signal indicating that said array can process
14 no comﬁands, said second signal indicating that an

15 array activity is complete.

1 5. The memory board of Claim 4 further comprising a

2 bus means for distributing signal groups to said

3 array means.

1 6. The memory board of Claim &4 further comprising
2 means for coupling to a bus in said memory subsystem,
3 said coupling means providing operation independent
4 of other memory boards coupled to said memory

5 subsystem bus.
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7. The memory board of Claim 4 further comprising:
an array bus means for distributing signals to a
plurality of array means coupled td said memory
board; and
means coupled to each array for simultaneously
processing a write operation in each of said

plurality of arrays.

8. A method for storing data signal bits in a main
memory of a data processing system comprising the
steps of:

providing a plurality of semiconductor arrays,
said plurality of arrays being coupled in groups of
arrays;

coupling said groups of arrays to a remainder of
said data processing unit through an interface unit;
and

operating each of said groups of arrays to
process transactions in said each array independently

of transactions in other of said groups of arrays.

9. The method for storing data signal groups of Claim
8 wherein said operating step includes the step of
operating each of said arrays to permit each array of
a group of arrays to process a write operation
simultaneously, said write operation of said array

group being independent of the operation of other

PCT/US87/00185
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7 arrays.

]

1 10. The method for storing data signal groups in
2 Claim 9 wherein said operating step includes the
step 3 of performing one read operation by a one of
said 4 boards independently of the operation of

said other 5 array groups.

1 11. A memory subsystem for wuse with said data

2 processing system comprising:

3 memory unit bus means;
4 interface means for transferring signal groups
5 between said memory unit bus means and said data

6 processing system;

7 at least one memory board coupled to said memory
8 system bus;
9 plurality of memory arrays coupled to said

10 board; and

11 control means associated with each memory board
12 for permitting each memory board to operate
13 independently of other memory boards, said control
14 means enabling each memory array coupled to said
15 memory board to process a data signal storage

16 operation simultaneously.
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AMENDED CLAIMS
[received by the International Bureau on 03 August 1987 (03.08.87);
original claims 2—11 cancelled; claim 1 unchanged; new claims
2-12 added (4 pages)]

1. A data processing system comprising:
a system bus;
at least one data processing unit coupled to
said system bus; and
a memory subsystem coupled to said system
bus, said memory subsystem including:
a memory array interface unit coupled to
said system bus; and
a plurality of storage cell array units,
each of said storage cell array units including an
array of storage units and apparatus for controlling
the operation of said array of storage units, wherein
a plurality of said array units can process data
signal groups simultaneously.
2. A data processing system comprising:
(a) a system bus;
(b) at least one data processing unit
coupled to said system bus; and
(¢) a memory subsystem coupled to said
system bus communication with said data processing
unit, said memory subsystem comprising:
’ (i) a memory subsystem bus;

(ii) a memory interface means
connecting said memory subsystem bus to said system
bus; and

(iii) a plurality of memory boards
connected to said memory subsystem bus, each memory
board comprising an array bus, a board interface
means for connecting said array bus to said memory
subsystem bus, and a plurality of memory array means
connected to said array bus, each memory array means
including a plurality of storage cells and means for
controlling the operation of said storage cells,
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wherein a plurality of said memory array
means can process data signal groups simultaneously.

3. The data processing system as defined in
claim 2, wherein said plurality of memory boards
includes a first memory board the memory array means
of which operate at a first speed and a second memory
board the memory array means of which operate at a
second speed, said second speed being different than
said first speed.

4. The data process system as defined in claim
2, wherein said memory interface means transmits a
busy signal to said system bus when said memory
subsystem is unable to procesé incoming data.

5. A memory board for use in a data processing
system having a memory subsystem connected to a
system bus, said memory subsystem including a memory.
subsystem bus and memory interface means for
connecting said system bus and said memory subsystem
bus, said memory board being connected to said memory
subsystem bus and comprising a first memory array
means for storing data signal groups, said first
memory array means including a plurality of storage
cells and sequencer means for controlling operation
of said storage cells, said sequencer means
comprising means for generating a DONE signal
indicating said first memory array means has
completed a memory operation, and said memory board
further comprising board interface means for applying
to said memory subsystem bus a signal indicating that
said first memory array means can process no commands
and a signal indicating that an array operation is
complete.

6. The memory board as defined in claim 5,
further comprising an array bus for connecting said
board interface means and said first memory array
means,

7. The memory board as defined in claim 6,
wherein said board interface means comprises array
interface means for receiving command signals from

PCT/US87/00185
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said memory subsystem bus.

8. The memory board as defined in claim §,
further comprising second memory array means and an
‘array bus for connecting said board interface means
and said first and second memory array means, wherein
each of said first and second memory array means
comprises means for simultaneously writing data
signal groups in storage cells of said first and
second memory array means.

9. A method for storing data signal bits in a
main memory of a data processing system comprising
the steps of: ' _

providing a plurality of semiconductor
arrays, said plurality of arrays being coupled in
groups of arrays;

coupling said groups of arrays to a system
bus of said data processing system through an
interface unit; and

operating each of said groups 6f arrays to
process transactions in any one of said groups of
arrays independently of transactions in other of said
groups of arrays.

10. The method for storing data signal groups as
defined in claim 9, wherein said operating step
includes the step of operating each of said arrays to
permit each array of any group of arrays to process a
write operation simultaneously, said write operation
of said group of arrays being independent of the
operation of other groups of arrays.

11. The method for storing data signal groups as
defined in claim 10, wherein said operating step
includes the step of performing one read operation in
one of said groups of arrays independently of the
operation of said other groups of arrays.

12. A memory subsystem for use with a data
pProcessing system said memory subsystem comprising:

memory subsystem bus means;
interface means for transferring signal
groups between said memory subsystem bus means and a

5]
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system bus of said data processing system;

a plurality of memory boards coupled to said
memory subsystem.pus means, each memory board
comprising a plurality of memory arrays; and

control means associated with each memory
board for permitting each memory board to operate
independently of other memory boards, said control
means enabling each memory array of a memory board to
pProcess a data signal storage operation
simultaneously.
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