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however, contemplated that other subsystems, such as communications
subsystems, could The present invention relates to a memory      employ the
inventive features to advantage. access system in a computer system of the
type    The present invention provides a memory which is arranged to accept
a memory expansion    5   access system in a computer including a central
module to increase its total memory capacity.    processing unit (CPUI, a
base memory, a sub- The great majority of microcomputers at        system
operative to access memory substantially present marketed allow for main
memory expan-    independently from the CPU, and coupling means sion by
adding memory modules. The TI Home       for coupling an expansion memory
module to the Computer, produced by Texas Instruments Cor-  10   computer,
in which the memory access system poration, starts with a main memory
capacity of  comprises addressing means for addressing the, 16K bytes which
can be expanded up to 52K bytes  or each of the memories, and first control
means, by adding expansion memory cards. The Olivetti   operable in the
absence of an expansion memory M20 microcomputer has a basic 128K byte
RA.M.    to control the address means to address indivi- which can be
expanded by a single expansion   15   dual locations in the base memory for
CPU and board to 512K bytes, and the VIC20 machine,      subsystem
accesses, and operable in response to marketed by Commodore Business
Machines         the coupling of an expansion memory to control Corporation
has a basic memory of 5K bytes,     the address means to address individual
locations which is expanded in steps up to 32K bytes. In  in either memory
for CPU access and, for sub- these, as in all prior systems of which we
have   20   system access, to address pairs of corresponding knowledge,
this memory expansion does not        locations in the memories
simultaneously, each require substantial revision of the memory       pair
comprising one memory location in each of addressing arrangements. All that
happens is that  the memories. Preferably, the CPU accesses both the memory
addresses for the added memory are    memories by individual location
therein, but the added on top of the addresses for the base   25
subsystem  addresses a single address from memory. Thus, if the base memory
is of 128K     which an even location from one memory and an bytes, then,
with an expansion memory of 128K    adjacent odd location from the other
memory are bytes, the base memory provides the addresses   fetched. up to
128K and the expansion memory provides      The present invention will be
described further the addresses up from 128K to 512K. For this to   so   by
way of example with reference to the aforesaid happen, of course, the
addressing scheme must    embodiment thereof as illustrated in the accom-
allow for the extra address bit required for the  panying drawings in
which: expanded memory.                                  Figure 1 is a
block diagram of a microcomputer In microcomputer systems, and especially
system showing the base memory and its access those employing a limited
amount of memory,   35   circuits and elements of its video subsystem
certain functions are limited by the bandwidth of  together with details of
a memory expansion the memory. The bandwidth is determined by the   module;
operational speed of the memory and the size of   Figure 2 is a wave-form
diagram showing each location therein. The location size is deter-  signals
occurring in the system of Figure 1, mined by bus width of the system and
the   40   without the expansion module and with the video microprocessor
data width. Most microcompu-     subsystem operating in an alphameric mode;
ters use an 8 bit bus system which limits the     Figure 3 is a wave-form
diagram showing memory location size to 8 bits. This limited    signals
occurring in the system of Figure 1, sandwidth restricts the operation of
some sub-  without the expansion module and with the video systems which
access the memory system with-   45   subsystem operating in a graphics
mode; out direct CPU intervention. One such subsystem   Figure 4 shows the
arrangement of the base is a video subsystem for driving a CRT display.
memory in the system of Figure 1, when the This operates essentially
independently of the   expansion module is not fitted; CPU to retrieve data
from the memory system for   Figure 5 shows the arrangement of both the
display. In a microcomputer which shares its   50   base and expansion
memories when the expan- memory between CPU and video operations, the
sion module is fitted; and CPU accesses the memory in cycles between the
Figure 6 is a wave-form diagram showing video system cycles. With the
requirement to    signals occurring in the system of Figure 1, when share
the memory with the CPU, and with 8 bit   the expansion module is fitted.
storage accesses, the video bandwidth can be   55  Figure 1 is a block
diagram of the memory and severely limited, thereby limiting the display
video circuits of a microcomputer. A broken line definition.
10 indicates an interface between the base circuits It is therefore, an
object of the invention to  of the microcomputer, positioned to the left of
provide, in a microcomputer system, a memory    line 10, and an expansion
memory module, posi- access system  which, when an expansion    60   tioned
to the right of line 10. Initially, we will memory is added to the base
memory, auto-       consider the construction and operation of the
matically increases the memory bandwidth for a  base system, and thereafter
the base system subsystem using the memory. In the embodiment   together
with the expansion module will be of the invention to be described in
detail herein-  discussed. Turning now to the base system, this after, the
subsystem is a video subsystem. It is,   55   comprises a CRT controller
11, which may be of 



2    3              EP 0134 968 B1                     4 the type MC6845
manufactured by Motorola Inc.     address the colour palette registers to
provide, for This, is as is well known, provides memory       each bit of
character data, a set of four CRT drive addresses and raster timings to
display images    signals, representing three colours and an inten- on a
CRT display. A video array 12 is coupled to  sity. the CRT controller 11
and to a CRT display 13.   5  In the graphics mode, the character generator
Array 12 is responsive to control signals from    29 is, of course, not
used. Consequently, the controller 11 and data signals (MDG-MD7) on a
CHAR LATCH output on line 16 is not used, and data bus 14 to develop the
drive signals for the  latch circuit 30 is disabled by an output (high) CRT
display 13. In addition it generates various  from NAND gate 35. Instead,
the ATR LATCH control signals for the system. These include a    10
signals on line 18 and an enable signal (low) from memory chip select
signal (MEM CS) on line 15, a  a NAND gate 36 cause successive bytes from
the character latch signal (CHAR LATCH) on line 16, a  memory, representing
video data, to pass from signal CPU LATCH on line 17, an attribute latch
latch 31 to video array 12 over bus 14. These signal (ATR LATCH) on line
18, a GATE signal on   successive bytes are combined in video array 12 line
19, an ALPHA signal on line 20 and a CPU    15  to address the colour
palette system to produce CYCLE signal on line 21. These signals will be
video drive signals for the CRT display 13. discussed in more detail later.
A dynamic random    Lastly, memory 22 is used not only as a video access
memory 22 is addressed either from con-    memory, but also the base memory
for the C.P.U. troller 11 or CPU input addresses through a group  In some
video display operations and all other of multiplexers 23 through 25.
Memory 22 is   20   operations data is transferred from this memory coupled
to receive data from the CPU on a bus 26  back to the CPU. This is done
through a latch and to develop output data on a bus 27. Video     circuit
32 in response to CPU LATCH signals from data may be held in the memory as
alphanumeric    line 17 of the video array 12 and an enable signal
character data for conversion to display data, or  from NAND gate 37. With
this configuration, data directly as graphics display data, in which digits
in   25   from the memory passes through latch 32 to the the memory
directly represent display elements.   CPU data bus (CPU DO-D7) 26. These
modes of operation will hereinafter be        Figures 2 and 3 show the
wave-forms of some called alpha (representing alphanumeric) and      of the
signals generated in the system, without graphics modes respectively. Note
the (EN) inputs  the memory expansion module fitted, for the to the latch
circuits 28, 30, 31, 32, 43 and 44, and   30   alpha and the graphics modes
respectively. (CS) inputs to memories 22, 42 are responsive to    Referring
firstly to Figure 2, this shows the low input signals.
alpha mode. The first wave-form is the memory In the alpha mode, data on
bus 27 is applied    row address strobe (RAS) signal. This, together
through a latch circuit 28 to a character generator  with the column
address strobe signals, times the 29, for example, a read-only memory,
which, in   35   addressing of dynamic random access stores. For response
to this data and CRT line scan signals   simplicity these signals are not
shown in Figure 1, (not shown) develops the display data for the     but
they are generated by the gate array. The RAS respective scan lines of
characters to be dis-    signal is shown in Figure 2 to indicate the timing
played. These signals are applied through a fur-  of the memory read/write
for CPU data and read ther latch circuit 30 to the data input bus 14 to
40   for the CRT display data. It will be noted that there video array 12.
Latch circuits 28 and 30 are      are two CRT memory cycles for each CPU
cycle. controlled by the CHAR LATCH signals over line    The second
wave-form indicates the periods in 16 from video array 10. In addition
attribute data  which the CPU has access to the memory and from memory 22
is applied over bus 27 to a latch  those in which the CRT signals are
derived. In the circuit 31, controlled by an ATR LATCH signal on    45
third line, the CHAR LATCH signal is shown line 18. The video array 12
includes a colour     indicating that in the first CRT memory cycle a
palette system, the principle of which was        character byte is read
from the memory. The described in an article by Peter B Denes entitled
fourth line similarly shows that the ATR LATCH 'Computer Graphics In
Colour' which appeared in   signal causes an attribute byte to be read in
the the Bell Laboratories Record, May 1974, at pages   50   second CRT
memory cycle. The CPU LATCH 139 through 146. Essentially, this comprises a
signal in the fifth line shows the timing of CPU plurality of CPU loadable
registers which are     access to the memory. Lastly the bottom line
addressed by the video data from memory 22.       shows the GATE signal
from video array 12 which Each register stores data bits to provide a set
of  is used, together with the alpha signal, to provide CRT colour drive
signals representing one colour.   55   the latch 30 enable input (low)
from NAND circuit The input video data addresses different ones of  35, and
also latch 31 enable input (low) from these registers to provide the
required sequence  NAND circuit 36. The GATE signal enables latch of colour
drive signals from display. In the present  30 when reading character data
into the video system in the alpha mode, a byte of attribute data  array
and enables latch 31 when reading from latch 31 is applied to a multiplexer
in the   60   attributes into the video array. video array 12. Thereafter,
a byte of character    In the graphics mode, the signals are as shown 



data from latch 30 is serialised in the video array  in Figure 3. Here, the
[err] and CPU 30. The serialised bits are then applied to control  LATCH
wave-forms are the same as in Figure 2. the multiplexer to provide either
the upper or the  Now, however, the ATR LATCH on the third the lower four
bits of the attribute byte therein to   65   operates latch circuit 31 for
both of the CRT 3    5              EP 0134968 B1                     6
memory cycles. The gate output from video array    Turning back again to
Figure 1, we will now 12 shown at the bottom linechanges, butthisnow
assume that the memory expansion module is has no effect on the operation
since the ALPHA   coupled to the microcomputer. This adds memory signal on
line 20 is now forcing NAND circuit 35  42, and latch circuits 43 and 44 to
the system. Latch high which does not generate an enable signal for   5
circuit 43 couples the data output bus of memory latch 30. Latch 31 is
always enabled since NAND  . 42 to the CPU data bus 26, and therefore
equates to circuit 36 is low.                               latch circuit
32 in the base system. Latch circuit 44 Figure 4 shows the memory
addressing arrange-  couples the data output bus of memory 42 to the ment
for memory 22 when the memory expansion     video array data bus 14 and
accordingly equatesto module is not mounted. The memory has a   10  latch
31 in the base system. capacity of 64K bytes which have consecutively
Looking now atthe addressing scheme,we have numbered addresses, expressed
in Figure 4 in     128K bytes of memory which require 17 address
hexadecimal form, from 0000 to FFFF. A portion of  bits A0 through A16 to
access all of them. How- the memory, including four locations 8000
ever, as all of the even addresses are in the base through 8003, contains
the video data. Adjacent   15   memory 22 and the odd addresses are in
memory locations of the video memory store character    42, all the lowest
order bit, A0, does is to select one (either alpha or graphics) bytes and
attribute bytes  of the memories. In other words, if A0 is '0', then as
shown. This memory requires sixteen address   memory 22 is selected and if
it is '1 then memory bits (AO through A15) for the 64K address loca-  42 is
selected. Now, if we add the highest order bit tions.
20   A16 to bits A1 through A15, each memory is again In orderto expand the
memory to 128K bytes by  addressed by 16 bits. This is achieved for the CRT
adding an expansion module, the normal arrange-  addresses by multiplexer
23, and for CPU ment employed is to address the base memory in   addresses
by multiplexer 24. Each of these the same way as shown in Figure 4, and to
add the  multiplexers receives a control input from line 38. further
addresses provided by the expansion   25   When the expansion memory module
is plugged module on top of the addresses in the base      in, this line is
automatically reduced from a high memory.Thus, the base
memoryaddresseswould       state to a low state as it is earthed atthe
expansion go from 0000 through FFFF and the expansion      module end.
Multiplexer 23 receives address bits module addresses from 10000 through
1FFFF.       A0 and A16 from the CRT controller and,when line Figure 5
shows a novel addressing scheme for   30   38 is high, passes A0 and when
this line is low, the two memories in accordance with the inven-   passes
A16. Accordingly, when the expansion tion. In this arrangement, memory 22
contains all  module is mounted, the input to multiplexer 25 the even
addresses from 00000 through 1FFFE,     from the CRT controller comprises
addresses A1 and the expansion memory (42, Figure 1) contains  through A15
from the lower address output of all the odd addressesfrom 00001through 1
FFFF. In   35   controller 11, and A16 from  multiplexer 23. the area of
the memories used for video data, of  Multiplexer 24 operates in a similar
manner to which addresses 8000 through 8007 are shown,     multiplexer 23,
only for the CPU addresses. It the character bytes (either alphanumeric or
receives the CPU A0 and Al 6 addresses and, when graphics) are still held
in even address locations  the memory expansion module is fitted, passes
and the associated attribute bytes are still held in   40  the A16 address
to multiplexer 25, which also adjacent odd address locations. Thus, memory
receives the CPU A1 through A15 addresses. addressing for the video data
follows the same   Multiplexer 25 is responsive to a CRT/[err] signal,
pattern as that when only the base memory is     shown in Figures 2,3 and
6, to pass either the CRT used. This arrangement has the great advantage
or the CPU address to memory 22 when only this that video bandwidth can be
doubled. Video   45   memory is present or to both memories when the
bandwidth is determined by the speed of the      expansion  module  is
fitted  through  the memories and the size of each memory location. In
MA1-MA16 link. This leaves the selection of the the arrangement described
above, using only      memories for odd and even addresses by the AO memory
22, the memory cycles are grouped in      address bit, which is achieved by
controlling the threes, one for the CPU and two for the CRT. A    so   chip
select (CS) inputs to the memories from a typical time for these operations
is 1.1 [err] secs. for  memory chip select (MEM CS) output from the the
three cycles. In these cycles, the CPU accesses  video array. The CS input
of memory 22 is driven one location, and a character byte and an attribute
from a NAND gate 39 which, in the absence of the byte are retrieved for the
CRT. Now, when the    expansion module, has one input, on a DISABLE memory
is expanded as shown in Figure 5, if, for  55   ECS line, always high. Thus
with no expansion the video data we regard the lowest order bit as a
module, the input to the CS input is the inverse of 'don't care' bit, then
from each set of address bits  the MEM CS output. This output goes high for
each 



we retrieve both a character and an attribute byte.  memory access time,
giving a low input to the This means that in the 1.1
[err]secs.,wecannowfetch       memory CS to enable the memory. With both
two character bytes and two attribute bytes for the   60   memories
installed, what is required is to select CRTin addition to the single byte
access for an 8 bit  both memories for each CRT access and either one
microprocessor CPU. Thus, the CRT system can     or the other,in accordance
with the value of the A0 provide a considerably higher definition display
bit, for each CPU access. including more alphanumeric or graphics infor-
Taking the CRT addressing first, the memory 22 mation.
65   CS input is fed from NAND gate 39, as before, and 4    7
EP 0134 968 B1                    8 the memory 42 CS input is fed from a
NAND gate   carries a '0' bit, latch circuit 32 is then enabled 45. Both
have one input coupled to receive the   through NAND gate 37 and latch
circuit 43 dis- MEM CS output of the video array 12. For the CRT  abled
through NAND gate 49. Thus, data is read accesses, the second inputs of
each must be high.  from either of these latches to the CPU D0-D7 The
second input to NAND gate 39 comes from a    5    line. NAND gate 46. With
no CPU CYCLE input to this      For the CRT data, as has been mentioned
module from the video array, the output of NAND  above, the memories are
accessed together so gate 46 is high. The second input to NAND gate 45
that character data, alpha or graphics, is retrieved is delivered from a
NAND gate 47. This, with no  from memory 22, and attribute data from memory
input from the CPU CYCLE line, also provides a    10   42. The character
data is latched into latch circuits high output. Thus, for CRT accesses,
the CS      28 and 31 for both alpha and graphics data. This is inputs to
both memories are raised to enable the  because, as can be seen at the
third and fourth memories together.                               lines of
Figure 6, the CHAR. LATCH and ATR. For CPU accesses, the CPU CYCLE input to
the   LATCH signals from video array 12 now coincide. expansion module from
the video array 12 is  15   The attribute data from memory 44 is latched
into high. Therefore, for a CPU A0 input to NAND gate  latch circuit 44
which is also clocked by the ATR 46 of '1' during a CPU cycle, the output
from    LATCH data from video array 12. Data from latch NAND gate 46 goes
low, thereby disabling         circuit 28 is passed to the character
generator 29, memory 22 through NAND gate 39. The CPU A0       as before,
and the character line data from the line passes through an inverter 48, so
this input is  20   generator is latched into latch circuit 30. Each of
low, giving a high output to enable memory 42   these latch circuits is
read out by means of a low through NAND gate 45. Clearly, when the CPU A0
signal applied to its enable input. The GATE line carries a '0' bit, this
situation is reversed, so  signal from video array 22 on line 20, shown at
that memory 22 is enabled and memory 42         the bottom line of Figure
6, controls the read out disabled.                                  25   of
firstly latch circuit 30 or 31 and then latch circuit Data to be written
into the memories is applied  44. from the CPU over the CPU D0-D7 lines.
When       In the alphanumeric mode, the ALPHA signal on the expansion
module is not present, the DIS-    line 20 from the video array 22 is high.
Accord- ABLE ECS line to NAND gate 39 is always high, so  ingly, when the
GATE signal is high, the output of when the MEM CS line 15 is raised, the
memory   30   NAND circuit 35 is low, enabling latch circuit 30 to 22 can
be written into the location addressed,   output its data to the MD0-MD7
bus into the through multiplexors 24 and 25, by the CPU       video array.
When the GATE signal subsequently A0-A15 signals. When the expansion module
is     goes low, latch circuit 44 is enabled to deliver its fitted, and the
CPU wishes to write to an even   data to the MDO-MD7 bus and, as the output
of location, the DISABLE ECS line is forced high as   35   NAND gate 35 is
now high, latch circuit 30 is the CPU A0 line to NAND gate 46 is low
allowing  disabled. During this time NAND gate 36, which the write to occur
in memory 22. At this time, the  receives the GATE signal, fed back from
the inverted A0 signal from inverter 48 forces NAND  expansion module on a
-LGG line, together with gate 47 output high to force the output of NAND
the output of NAND gate 35, never provides a low gate 45 low. Thus, memory
42 is disabled and can   40   output, so latch circuit 31 remains disabled.
Thus, not be overwritten. When the CPU wishes to write  a character byte is
read from latch circuit 30 to an odd location, the CPU A0 line is high, so
followed by an attribute byte from latch 44 for memory 42 is selected from
NAND gate 45 and      each CRT cycle. memory 22 is disabled thereby
preventing des-      In the graphics mode, the ALPHA signal is low.
truction of its data.                      45   Accordingly, the output of
NAND gate 35 is Data read from memories 22 and 42 for the CPU  always high,
so latch 30 is never enabled. When passes through either latch circuit 32
from      the GATE signal is high, this signal, returned from memory 22 or
latch circuit 43 from memory 42.    the expansion module on the -LGG  line,
Latch circuit 32 is enabled from the output of a  together with the high
output from NAND gate 35, NAND gate 37. Without the expansion module,   so
provide a low output from NAND gate 36. This the lower input of this gate
is always high, so gate  enables latch circuit 31 to read out its graphics
37 enables latch circuit 32 in response to a signal  character data to the
MD0-MD7 bus. Thereafter, on the VIDEO MEMR line resulting from a nega-
when the GATE signal goes low, latch circuit 31 is 



tive CPU memory read signal and negative         disabled and latch circuit
44 enabled to provide memory address signal applied to a NOR gate 33   55
the corresponding attribute data. from the CPU. With the expansion memory
in        In summary, what has been shown is, in a place, the NOR gate 33
output on the VIDEO       microcomputer system, a  memory  access MEMR line
is applied to both NAND gates 37 and   arrangement which, when an expansion
memory 49. The other inputs to these NAND gates come    is added treats the
main memory locations as the from the CPU A0 line and the output of
inverter   60   even addresses and the expansion memory loca- 48, through
the -DISABLE E DATA line respec-    tions as the odd addresses. The
microcomputer tively. Consequently, when the CPU A0 line       system
includes a video subsystem  which carries a '1' bit, latch circuit 43 is
enabled through  accesses the memory in cycles between CPU NAND gate 49,
and latch circuit 32 is disabled   access cycles. When the expansion memory
is through NAND gate 37. When the CPU A0 line   65   added, the video
subsystem, in each of its access 5    9              EP 0134968  B1
10 cycles, addresses the memory to retrieve data      3. A memory access
system as claimed in claim 2 from both an even and an adjacent odd address,
in which said one memory is the base memory and thereby doubling the data
rate for each of these  the expansion memory is said other memory. cycles.
This allows higher definition displays.    4. A memory access system as
claimed in claim 3 It is, of course, clear that other subsystems, for   5
in which the memories are of a capacity requiring n example communications
subsystems, which         bits foraddressing the base memory alone and n +
require access to memory substantially indepen-  1 bits for addressing
bothmemories, and said first dently of the CPU, may with advantage use the
control means includes means (12, 11, 23, 24, 25, increased memory
bandwidth provided by the       15, 39, 45), operable when the expansion
memory invention. In the embodiment described above, for   10  is fitted,
to directthe n highest order address bits to each three operating cycles,
one was used by the  both memories, to enable both memories together CPU
and two by the video system to enhance       for subsystem access, and to
enable one or the display definition. Equally well, these three cycles
other of the memories in accordance with the could be used by the CPU, the
video subsystem    value of the lowest order bit for CPU access. and a
communications subsystem respectively.   15    5. A memory access system as
claimed in any Thus, with the expansion memory installed, the    preceding
claim, including first output means (32) video subsystem would have the
same bandwidth    and second output means (30) coupled to receive as if it
used two of the three cycles with single byte  data from the base memory
and third output transfer and in addition the communications sub-  means
(43) and fourth output means (44) coupled system has its own cycle with the
double byte   20   to receive data from the expansion memory, and access
rate.                                     including second control means
(35,36) coupled to While the invention has been particularly shown  the
output means and operable, when the expan- and described with reference to
preferred embodi-  sion memory module is fitted, to control the ments
thereof, it will be understood by those    transfer of data from either the
first or the third skilled in the art that various other changes in form
25   output means to the CPU during each CPU access and detail may be made
without departing from    and to control the transfer of data from the
second, the scope of the appended claims.                followed by the
fourth, output means during each subsystem address. Claims
6. A memory access system as claimed in any 30   preceding claim, in which
said subsystem is a 1. A memory access system in a computer        video
display system operable in response to including a central processing unit
(CPU), a base  character and attribute data from the memories, memory (22),
a subsystem (11, 12) operative to   and the addressing means is operable to
store access memory substantially independently from   character and
attribute data in adjacent locations the CPU, and coupling means (43,44)
for coupling   35  in the base memory when no expansion memory an expansion
memory module (42) to the com-      is fitted, or in adjacently numbered
locations in the puter, in which the memory access system com-    base and
expansion memory when the expansion prises addressing, means (11) for
addressing the,  memory is fitted. or each of the memories, and first
control means (23, 24), operable in the absence of an expansion   40
Patentansprfiche memory to control the address means to address individual
locations in the base memory for CPU    1. Speicherzugriffsystem in einem
Computer, and subsystem  accesses, and operable in         enthaltend sine
Zentraleinheit (CPU), einen Basis- responseto the coupling of an expansion
memory   speicher (22), ein Subsystem (11t, 12), welches im to control the
address meansto address individual   45   wesentlichen unabhangig von der
CPU betriebsfi- locations in either memory for CPU access and, for  hig ist
zum Zugriff auf den Speicher, und Kopp- subsystem  access, to address pairs
of corre-    lungsmittel (43,44) zur Ankopplung eines Erweite- sponding
locations in the memories simul-        rungsspeichermoduls (42) fOr den
Computer, in taneously, each pair comprising one memory       welchem das
Speicherzugriffsystem Adressier- 



location in each of the memories.           50   mittel (11) enthilt zur
Adressierung des einen oder 2. A memory access system as claimed in claim
sines jeden der Speicher, und erste Kontrollmittel 1, in which the base and
expansion memories are  (23, 24), welche bei Nichtvorhandensein sines of
the same capacity, the first control means being  Erweiterungsspeichers
betriebsfahig sind zur operable to control the addressing, in the absence
Steuerung der Adressiermittel zur Adressierung of the expansion memory, to
define consecutive   55   einzelner Speicherplatze in dem Basisspeicher fur
locations in the base memory as consecutively    CPU- und
Subsystemadressen, und betriebsfAhig numbered addresses or, in response to
the coup-  als Reaktion auf die Ankopplung sines Erweite- ling of the
expansion. memory, to define consecu-  rungsspeichers zur Steuerung der
Adressiermittel tive locations in one memory as consecutive even  zur
Adressierung einzelner Speicherplitze in numbered addresses and in the
other memory as   60  jedem der beiden Speicher fOr den Zugriff auf die
consecutive odd numbered addresses, whereby      CPU und, fOr den Zugriff
auf das Subsystem, zur said pairs of locations each comprise an even
Adressierung von entsprechenden Paaren von numbered location in said one
memory and the     Speicherplatzen in den Speichern gleichzeitig, next
higher numbered location in said other      wobei jedes Paar einen Speich,
rplatz in jedem der memory.                                     65
Speicher enthalt. 6    9              EP 0134968 B1                     10
cycles, addresses the memory to retrieve data
3.Amemoryaccesssystemasclaimedinclaim2 from both an even and an adjacent
odd address,   in which said one memory is the base memory and thereby
doubling the data rate for each of these  the expansion memory is said
other memory. cycles. This allows higher definition displays.    4. A
memory access system as claimed in claim 3 It is, of course, clear that
other subsystems, for   5   in which the memories are of a capacity
requiring n example communications subsystems, which         bitsfor
addressing the base memory alone and n + require access to memory
substantially indepen-  1 bits for addressing bothmemories, and said first
dently of the CPU, may with advantage use the    control means includes
means (12, 11, 23, 24, 25, increased memory bandwidth provided by the
15,39, 45), operable when the expansion memory invention. In the embodiment
described above, for   10  isfitted,to directthe n highest order address
bitsto each three operating cycles, one was used by the  both memories, to
enable both memories together CPU and two by the video system to enhance
for subsystem access, and to enable one or the display definition. Equally
well, these three cycles  other of the memories in accordance with the
could be used by the CPU, the video subsystem    value of the lowest order
bit for CPU access. and a communications subsystem respectively.   15    5.
A memory access system as claimed in any Thus, with the expansion memory
installed, the   preceding claim, including first output means (32) video
subsystem would have the same bandwidth    and second output means (30)
coupled to receive as if it used two of the three cycles with single byte
data from the base memory and third output transfer and in addition the
communications sub-  means (43) and fourth output means (44) coupled system
has its own cycle with the double byte   20   to receive data from the
expansion memory, and access rate.
including second control means (35,36) coupled to While the invention has
been particularly shown  the output means and operable, when the expan- and
described with reference to preferred embodi-  sion memory module is
fitted, to control the ments thereof, it will be understood by those
transfer of data from either the first or the third skilled in the
artthatvarious other changes in form   25   output means to the CPU during
each CPU access and detail may be made without departing from    and to
control the transfer of data from the second, the scope of the appended
claims.                followed by the fourth, output means during each
subsystem address. Claims                                             6. A
memory access system as claimed in any 30   preceding claim, in which said
subsystem is a 1. A memory access system in a computer        video display
system operable in response to including a central processing unit (CPU), a
base  character and attribute data from the memories, memory (22), a
subsystem (11, 12) operative to   and the addressing means is operable to
store access memory substantially independently from   character and
attribute data in adjacent locations the CPU, and coupling means (43,44)
for coupling   35  in the base memory when no expansion memory an expansion
memory module (42) to the com-      is fitted, or in adjacently numbered
locations in the puter, in which the memory access system com-    base and
expansion memory when the expansion prises addressing, means (11) for
addressing the,  memory is fitted. or each of the memories, and first
control means (23, 24), operable in the absence of an expansion   40
Patentansprfiche memory to control the address means to address individual
locations in the base memory for CPU    1. Speicherzugriffsystem in einem
Computer, and subsystem  accesses, and operable in         enthaltend eine
Zentraleinheit (CPU), elnen Basis- response to the coupling of an expansion
memory  speicher (22), ean Subsystem (11, 12), walches im to control the
address means to address individual   45   wesentlichen unabhingig von der
CPU betriebsfl- 



locations in either memory for CPU access and, for  hig ist zum Zugriff auf
den Speicher, und Kopp- subsystem access, to address pairs of corre-
lungsmittel (43,44) zurAnkopplung aines Erweite- sponding locations in the
memories simul-        rungsspeichermoduls (42) fOr den Computer, in
taneously, each pair comprising one memory       welchem das
Speicherzugriffsystem Adressier- location in each of the memories.
50   mittel (11) enthilt zurAdressierung des einen oder 2. A memory access
system as claimed in claim  sines jeden der Speicher, und erste
Kontrollmittel 1, in which the base and expansion memories are  (23, 24),
welche bei Nichtvorhandensein sines of the same capacity, the first control
means being  Erweiterungsspeichers betriebsfihig sind zur operable to
control the addressing, in the absence  Steuerung der Adressiermittel zur
Adressierung of the expansion memory, to define consecutive   55
einzelner SpeicherplAtze in dem Basisspeicher fOr locations in the base
memory as consecutively    CPU- und Subsystemadressen, und betriebsfahig
numbered addresses or, in response to the coup-  als Reaktion auf die
Ankopplung aines Erweite- ling of the expansion. memory, to define consecu-
rungsspeichers zur Steuerung der Adressiermittel tive locations in one
memory as consecutive even  zur Adressierung einzelner SpeicherplAtze in
numbered addresses and in the other memory as   60  jedem der beiden
Speicher fOr den Zugriff auf die consecutive odd numbered addresses,
whereby      CPU und, fOr den Zugriff auf das Subsystem, zur said pairs of
locations each comprise an even    Adressierung von entsprechenden Paaren
von numbered location in said one memory and the     Speicherplatzen in den
Speichem gleichzeitig, next higher numbered location in said other
wobei jades Paar einen Speichs rplatz in jedem der memory.
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12 2. Speicherzugriffsystem nach Anspruch 1, in     Revendications welchem
die Basis- und Erweiterungsspeicher die gleiche Kapazitat aufweisen, wobei
die ersten        I. Systbme d'accbs A la memoire dans un Steuermittel
betriebsfahig sind zur Steuerung der  ordinateur comprenant une unit6
centrale de Adressierung, beim Fehlen des Erweiterungsspei-    s
traitement (CPU), une m6moire de base (22), un chers, zur Definierung
aufeinanderfolgender       sous-systbme (11, 12) qui agit pour acc6der A la
Speicherplatze im Basisspeicher als fortlaufend    memoire de fagon
sensiblemrent ind6pendante du numerierte Adressen oder, als Reaktion auf
die     CPU, et des moyensf de couplage (43, 44) pour Ankopplung des
Erweiteruingsspeichers, zur Defi-   connecter un module de m6moire
d'extension nierung aufeinanderfolgender Speicherplitze in   10   (42) 3
I'ordinateur, dans lequel le systbme d'accbs einem Speicher als fortlaufend
geradzahlig nume-   A la m6moire comprend des moyens d'adressage rierte
Adressen und in dem anderen Speicher als    (11) pour I'adressage de la
m6moire ou de cha- fortlaufend ungeradzahlig numerierte Adressen,     cune
des m6moires, et des premiers moyens de wobei die genannteo   Paare von
Speicherplotzen    commande (23, 24), qui agissent en l'absence jeweils
einen geradzahlig numerierten Speicher-   15   d'une memoire d'extension de
manibre 3 com- platz in dem einen genannten Speicher und den      mander
lee moyens d'adressage pour adresser nachsthoher numerierten Speicherplatz
in dem       des emplacements individuels de la memoire de anderen
genannten Speicher enthalten.              base pour des accbs de CPU et de
sous-systbme, 3. Speicherzugriffsystem nach Anspruch 2, in     et qui
agissent en r6ponse 3 la connexion d'une welchem der eine genannte Speicher
der Basis-   20   m6moire d'extension de maniere A commander speicher und
der Erweiterungsspeicher der          lee moyens d'adressage pour adresser
des andere genannte Speicher ist.                      emplacements
individuels dans l'une ou l'autre 4. Speicherzugriffsystem nach Anspruch 3,
in     des m6moires pour un accbs de CPU et, pour un welchem die Speicher
eine Kapazitat aufweisen,     acces de sous-systeme, pour adresser des
paires die n Bits fOr die Adressierung des alleinigen   25   d'emplacements
correspondants  dans  les Basisspeichers und n + 1 Bits zur Adressierung
m6moires simultanement, chaque paire compre- der beiden Speicher erfordert,
und erste Steuer-   nant un emplacement de memoire dans chacune mittel,
welche Mittel (12,11,23,24,25,15,39,45)    des m6moires. beinhalten, die
betriebsfahig sind, wenn der         2. Systbme d'accbs A la m6moire
suivant Ia Erweiterungsspeicher vorhanden ist, um die n-   30
revendication 1, dans lequel la memoire de base Adressenbits hochster
Ordnung in die beiden        et la m6moire d'extension sont de mAme capa-
Speicher zu richten, um  die beiden Speicher       cite, les premiers
moyens de commande agissant zusammen fOr den Subsystemzugriff freizugeben,
pour commander l'adressage, en I'absence de la und um den einen oder
anderen der Speicher in      m6moire d'extension, de maniere A d6finir des
Obereinstimmung mit dem Wert des niederwer-   35   emplacements consecutifs
dans la memoire de tigsten Bits fur den CPU-Zugriff freizugeben.      base
sous la forme d'adresses num6rotees conse- 5. Speicherzugriffsystem nach
einem der voran-   cutivement ou bien, en reponse au couplage de la
gehenden Anspruche, enthaltend erste Ausgabe-      memoire d'extension, de
manibre A definir des mittel (32) und zweite Ausgabemittel (30), welche
emplacements consecutifs dans une m6moire angekoppelt sind, um Daten vom
Basisspeicher   40   sous la forme d'adresses de numeros pairs cons6- zu
empfangen, und dritte Ausgabemittel (43) und    cutifs et dans l'autre
m6moire sous la forme 



vierte Ausgabemittel (44), welche angekoppelt      d'adresses de num6ros
impairs consecutifs, de sind, um Daten aus dem Erweiterungsspeicher zu
sorte que lesdites paires d'emplacements corn- empfangen, und enthaltend
zweite Steuermittel      prennent chacune un emplacement de numrro (35,
36), welche an die Ausgabemnittel angekop-   45   pair dans ladite
prernibre memoire et l'emplace- pelt und betriebsfahig sind, wenn das
Erweite-     ment de numero sup6rieur suivant dans ladite
rungsspeichermodul vorhanden ist, um die Uber-     autre memoire. tragung
von Daten entweder aus den ersten oder       3. Syst~me d'acces A la
m6moire suivant la den dritten Ausgabemnitteln zu der CPU wahrend
revendication 2, dans lequel ladite premiere eines jeden CPU-Zugriffs zu
steuern und um die   50   memoire est la memoire de base et ladite autre
Ubertragung von Daten aus den zweiten, gefolgt     memoire est la memoire
d'extension. von den vierten Ausgabemnitteln wahrend sines        4.
Systbme d'accbs A la m6moire suivant la jeden Subsystemzugriffs zu steuern.
revendication 3, dans lequel les memoires sont 6. Speicherzugriffsystem
nach einem der voran-   d'une capacite necessitant n bits pour l'adressage
gehenden Anspruche, in welchem das genannte   55   de la memoire de base
seule et n + 1 bits pour Subsystem ein Videodisplaysystem ist, welches
l'adressage des deux memoires, et lesdits pre- betriebsfahig ist als
Reaktion auf Zeichen- und    miers moyens de commanda comprennent des
Attributsdaten aus den Speichern und die Adres-    moyens (12, 11, 23, 24,
25, 15, 39, 45), agissant sierungsmittel sind betriebsfahig, um Zeichen-
lorsque la mamoire d'extension est install6e, pour und Attributsdaten in
angrenzenden Speicher-   60   diriger les n bits d'adresse de poids le.
plus fort platzen im Basisspeicher zu speicherri, wenn kein  vers les deux
memoires, pour activer les deux Erweiterungsspeicher vorhanden ist oder in
memoires ensemble pour un accbs de sous- angrenzend numerierten
Speicherplatzen in dem      systbme, et pour activer l'une ou I'autre des
Basis- und Erweiterungsspeicher, wenn der          memoires selon la valeur
du bit de poids le plus Erweiterungsspeicher vorhanden ist.          65
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14 5. Systeme d'acces a la m6moire suivant l'une   des deuxiemes puis des
quatriemes moyens de quelconque* des revendications pr6cedentes,
sortie pendant chaque acces de sous-systeme. comprenant des premiers moyens
de sortie (32)      6. Systeme d'acces a la memoire suivant l'une et des
deuxiemes moyens de sortie (30) raccord6s  quelconque des revendications
pr6c6dentes, de maniere A recevoir des donn6es venant de la    5    dans
lequel ledit sous-systbme est un systeme m6moire de base, et des troisiemes
moyens de      4'affichage video qui fonctionne en r6ponse a des sortie
(43) et des quatriemes moyens de sortie    donnees de caractbre et
d'attribut venant des (44) raccord6s de maniere A recevoir des donn6es
m6moires, et les moyens d'adressage agissent venant de la m6moire
d'extension, et comprenant   pour stocker des donnees de caractere et
d'attri- des deuxiemes moyaens de commande (35, 36)   10   but dans des
emplacements adjacents de la relies aux moyens de sortie et agissant,
lorsque le  m6moire de base lorsqu'il n'y a pas de memoire module de
m6moire d'extension est installe, de    d'extension install6e, ou dans des
emplacements maniere A commander le transfert de donnees       de num6ros
adjacents dans la memoire de base et des premiers ou des troisiemes moyens
de sortie  la memoire d'extension lorsque la m6moire d'ex- vers le CPU
pendant chaque accbs de CPU et de   75  tension est installee. maniere A
commander le transfert de donnees 20 25 30 35 40 45 50 55 60 65 8    


