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MEMORY RE-MAPPING IN A MICROCOMPUTER SYSTEM The present invention relates
to memory addressing arrangements in microcomputer systems, and in
particular to memory re-mapping circuits. Many arrangements have been
suggested to minimize the effect of faulty memory elements within a
computer system.  In some systems, spare memory modules are switched in to
replace modules containing faulty elements, in others this replacement is
performed at byte, word or row or column level, and in others error
correction techniques are employed. An example of the first of these
systems is shown in U. S. Patent No. 4,150,528 (Inrig and Chapman).  In
that system a memory module is marked as a substitute module which, on
detection of a fault in any other module, responds to addresses ordinarily
directed to the faulty module.  An example of a system which operates at a
less than full module level is shown in U. S. Patent No. 4,527,251 (Nibby,
Goldin and Andrews).  In that system, a static memory stores a map showing
the faulty areas of a random access memory, this map being generated in
response to memory testing.  In operation, the map is employed to avoid
faulty areas in the random access memory.  Error correction systems for
correcting data read from faulty memory locations are shown in U. S Patent
Nos. 3,436,734 (Pomerene and Melville) and 4,251,863 (Rothenberger). None
of these prior art systems includes an arrangement in which, if a fault is
detected in a memory block defined by the lowest value addresses that block
is disabled and these addresses are employed to access the memory block
previously defined by the set of addresses immediately above the lowest
value addresses.  Thus, the total memory is reduced by the memory in the
disabled memory block.    BC9-86-008                           2 This
arrangement is highly advantageous in a system in which the lowest order
memory block is soldered or otherwise fixedly attached to 



the planar circuit board of the microcomputer in order to minimize basic
cost.  These low order memory locations are used to  store control program
data and without them the system can not work.  On the other hand this
soldered memory is not normally replaceable., the usual service being to
replace the complete planar circuit board on detection of a fault therein.
Accordingly, by remapping the low order locations to pluggable memory, the
system can still operate without planar board replacement. In accordance
with the present invention, there is provided a microcomputer system
including a processor planar circuit board, first memory means permanently
attached to, and connected to circuitry on, said planar board, connector
means on the planar board for removably coupling further memory means to
said circuitry, address and control means coupled to said first memory
means and to said connector means for addressing memory installed in the
system, said address and control means including logic means for selecting
blocks of the installed memory for addressing using lowest ordered
addresses for said first memory means and higher ordered addresses for said
further memory means, and means for testing at least said first memory
means, characterised in that said address and control means includes means
for recording an indication of a fault detected in said first memory means
during testing by said means for testing, said logic means being coupled to
said means -for recording for disabling said first memory means by
directing all memory addresses to said connector means in response to a
said indication in said means for recording. An embodiment of the invention
will now be described, by way of example with reference to the accompanying
drawings, in which: Figure 1 is a general block diagram of a microcomputer
system; Figure  2 shows details of the connections to memories of Figure 1
BC986-008                           3 and; 



Figure 3 is a logic diagram of a memory remapping controller. Figure 1 is a
block diagram showing major components of a micro- computer system. The
system comprises a microprocessor 1 coupled by a bus 2 to an address buffer
4  a data buffer 3 and a bus controller 5. Address buffer 4 is coupled
through an address bus 6 to a read-only memory address system 7, a main
memory address and control system 16 and system expansion connectors 9.
Data buffer 3 is coupled , through a data bus 12, to a memory data buffer
10, the data output of a read-only memory 11, and connectors 9.  Bus
controller 5 is coupled through a control bus 15 to the address and control
system 16 and the connectors 9.  Memory address and control system 16, and
data buffer 10 are coupled to two random access memory systems 17 and 18.
Memory system 17 is permanently attached to the planar circuit board
supporting and coupling all the Figure 1 components by, for example,
soldering its leads to the. printed circuit wiring on the board.  Memory
system 18 is a replaceable memory which is pluggable into socket means 8
which is itself perma- nently attached, by soldering to the planar circuit
board leads.  The reason for this arrangement is that the microcomputer
requires a minimum amount of memory which, for low cost, is soldered
directly to the board. Extra memory, if required, can be added to the
system by plugging further memory modules into socket means 8. As an
example, memory system 17 may comprise 128K bytes, and the memory system 18
modules may comprise up to 512K bytes to make a total of 640K bytes. Figure
2 shows some details of the addressing and control arrange- ment for the
memories. Address multiplexer 20 receives sixteen lines of the address bus
corresponding to address bits AO through A15, and, in accordance with the
value of an address select signal on line 21, passes either bits AO through
A7 or A8 through A15 to memories 22 and 23 (shown generally as memory
system 17 in Figure 1) and sockets 24 and 25 (shown generally as socket
means in figure 8).  As is well known, in dynamic random access memory
systems, addressing is accomplished by applying a    



BC9-86-008                           4 first set of address bits together
with a negative-going row address strobe (-RAS) signal followed by a second
set of address bits with a negative-going column address strobe (-CAS)
signal.  These -CAS and -RAS signals are generated by control unit 16,
Figure 1.  Multiplexer 20 is switched between first and second states with
the -RAS and -CAS signals to apply the AO-A7 as row address and A8-A15 as
column address signals respectively to the memory AO-A7 address inputs.
Memories 22 and 23 are 64K organization DRAMs, and, therefore, require 8 x
2 bit address inputs.  Their data input/output terminals are each applied
to a data bus 12.  Both of memories 22 and 23 receive a common -RAS signal,
and memory 22 is selected by a -CASL signal while memory 23 is selected by
a -CASH signal.  The manner of generating these different -CAS signals to
select the different memories is well known and will not be described
further. Sockets 24 and 25 are arranged to accept pluggable 256K byte DRAMs
26 and 27 respectively.  As with the memories 22 and 23, these memories are
addressed by address bits AO through A15 and controlled by the -CASL and
-CASH signals.  Their data lines are coupled to data bus 12.  They differ
from memories 22 and 23 firstly in that, as they have a greater capacity,
they require a further address input MA8 and they receive a different row
address strobe, -RAS.S.  The development of the -RAS and -RAS.S signals
will be described in detail later. In general, the memories are addressed
by a total of 20 bits from, for example, CPU 1.  The first sixteen of these
bits provide the individual addresses for memory 22 with no higher bit
values, and cause the selection of -RAS and -CASL to select this memory.
Memory 23 is selected when -CASH is active with A16 high.  In response to
the next three higher bits A17 through A19, memories 26 and 27 are
selected. For convenience the description of the Figure 3 system will
reference memories 22 and 23 as the soldered memories, and memories 26 and
27 as the socket memories.   



BC9-86-008                           5 Figure 3 is a logic diagram of a
portion of control unit 16, Figure 1.  This circuit incorporates a register
30 which is new to micro- computer architecture.  This register is CPU
addressable and is employed to record the results of memory and I/O tests
during microcomputer power on self test (POST) operations.  These POST
operations are described, for example, in the system BIOS section of the
Technical Reference Manual, Personal Computer, Form No. 6361453, produced
by International Business Machines Corporation.  The POST operations are,
of course, controlled by the system ROM 11 (Figure 1).  The above Technical
Reference Manual shows, at page 5-33, the read-write storage test for any
16K byte block of memory.  Briefly, this comprises writing, and then
reading the pattern 01010101 and then the pattern 10101010 into each memory
location in the block and, by parity checking, determining any errors.
Pages 5-37 and 5-42 of the manual show the routines for determining the RAM
size on the planar board, and the memory size on the I/O channels.  Again,
these operations include write/read sequences which, by reading data
previously attempted to write in sequential locations, determine whether or
not these locations are, in fact, present.  Page 5-36 shows a read/write
storage test on the base (lowest ordered address) memory.  In that example,
the test is on 16K bytes.  In the present system, a similar test would be
made on the 128K bytes of the soldered memory, i. e. memories 22 and 23 in
Fig. 2.  Finally, at page 5-43, there is shown a routine for recording a
failing address in memory on detection of an error.  These routines, and
other similar self test routines for checking the size of memory and any
errors therein are well known and employed in most microcomputer systems.
In the present system, the results of some of the tests are recorded in an
addressable register 30, Figure 3.  This register records, at input DO, to
give a high output at QO, an error located in the soldered memory modules
22 and 23 (Figure 2). Note that this register remains set after a POST
until it is specifically reset or until the system is reset or switched
off, both of which conditions 



require a further POST before operations are continued. The remaining
register 30 locations contain data resulting from the I/O memory size
BC9-86-008                          6 tests.  Each of these locations,
driven through inputs D1 through D6 to provide respective high levels on
outputs Q1 through Q6, relates to an associated 64K byte block of I/0
memory. 'These 64K byte blocks relate to system addresses as follows: Q1
equals addresses 256-320K, Q2 equals addresses 320K-384K, Q3 equals
addresses 384-448K, Q4 equals addresses 448-512K, Q5 equals addresses
512-576K and Q6 equals addresses 576-640K. Thus, at the end of a POST,
register 30 contains an indication of a located error in the base memory
and an indication of the nuer of 64K byte segments of memory on I/O cards.
Referring back to Figure 3, decoder 31 is a four-to-sixteen line decoder
receiving system address bits A16-A19, the outputs of which are limited in
the diagram to ten inverted outputs -QO through -Q9 for simplicity   Note
that address bits AO through A16 are the only address bits required to
address memory modules 22 and 23 in Figure 1  Address bits A17, A18 and 19
are additionally used to define locations in the sockets RAMS i.e. those
addresses above 128K, i.e., in the Figure 2 system, addresses between 128K
and 640K. With address bits A19-A16 regarded as four digit  emory numbers,
each binary increment represents 64K of memory. Decoder 31 functions are
defined as follows: A19 A18 A17 A16 -QO -Q1   -Q2 -Q3 -Q4 -Q5 -Q6 -Q7 -Q8
-Q9 O   0   0   0   0   1   1   1   1   1                1   1   I 0   0
0   1   1   0   1   1   1   1 1              1       1 1 0   0         0
1   1   0   1   1   1   1   1   1   1 0   0   1   1   1   1   I   0    1
1   1   1   1   1 0   1   0   0    1'.  1   1   1   0   1   1   1  1   1 0
1   0   1  1   1   1   I   1   0   1   1    1   1 0   1   1   0   1   1   1
1   1   1   0   1   1   1 



O   1   1   1   1   1   1   1   1   1   1   0   1   1 1 1 0   0   0   1   1
1   1   1   1   1   1   0.  1 1   0   0   1   1   1   1   1   1   1   1   1
1   0    BC9-86-008                           7 From this, it can be seen
that for addresses up to 128K, that is, the addresses which correspond,
under normal conditions, to the soldered memory, either -QO or -Q1 are
active (zero) and the remaining outputs are passive (high).  Thereafter,
each increment, i.e. low output in an adjacent -Q output, represents the
addresses of an adjacent 64K byte block of the socket memories. A NAND gate
32 has a pair of inputs coupled respectively to the -QO and -Ql outputs of
decoder 31.  The output of NAND gate 32 is applied as one input to an AND
gate 33 which receives, at its other input the QO output of register 30
inverted by invertor 34.  The output of NAND gate 33 provides one input to
a NAND gate 35 which also receives the system row address strobe signal
-RAS (active low.). A further NAND gate 37 is also coupled to the -QO and
-Ql outputs of decoder 31, this NAND gate has its output coupled to one
input of a further NAND gate 38.. The Q0 output of register 30 provides the
other input to NAND gate 38, whose output forms one input to a NAND gate
40. NAND gate 40 also receives the output of a NOR gate 39.  The first
input to NOR 39 is from a NAND gate 42 coupled to receive the -Q2 and -Q3
outputs of decoder 31 directly and outputs -Q4 and -Q5 of this decoder
through OR gates 44 and 45 respectively.  These OR gates also respectively
receive the Ql and Q2 outputs of register 30.  The second input to NOR gate
39 comes from a NAND gate 43 which receives outputs -Q6 through -Q9 of
decoder 31 through respective OR gates 46 through 49. These OR gates also
respectively receive outputs Q3 through Q6 of register 30  as shown.  OR
gates 48 and 49 each have a third input coupled to the QO output of
register 30. The operation of the Figure 3 system will firstly be described
in 



the condition in which no data is in register 30 or in other words, it
contains all zeros.  This means that no fault was detected during power on
self test and no I/O card memory was detected at that time.    BC9-86-008
8 For each address of the low 128K bytes of memory, i.e. the soldered
memory either address bits A16 through A19 are all zero or A16 only of
these bits is a one.  As can be seen from the above decoder 31, in these
cases either output -QO or output -Ql is zero with the remaining outputs of
the decoder high.  Accordingly, the output of gate 32 goes high and with a
high input to gate 33 from inverter 34 (as QO of register 30 is low), the
output of gate 33 is high.  With the input to gate 35 from gate 33 high,
the output of gate 35 is the inverse of the output of inverter 50.  Thus,
the output of gate 35 follows the -RAS signal applied to inverter 50.  This
output signal is, as has been described with reference to Figure 1, the
signal which selects the lower 128K soldered memory elements.  At the same
time, the output of gate 37 to gate 38 is high, but the low input to gate
38 from output QO of register 30 maintains the output of gate 38 high.  As
all the inputs to gates 42 and 43 are high, the outputs of both of these
gates are low so that gate 39 supplies a high output to gate 40.  As both
inputs to gate 40 are high, it provides a low output to gate 41 whose
output, therefore, remains high irrespective of the level of the input
inverted -RAS signal.  Thus there is no -RAS.S signal, and the socket RAM
is not selected.' Next, the operation when an address in the socket memory
is selected, again with no data in'register 30, will be considered.  In
this case decoder outputs -QO and -Ql both remain high, and one of the
outputs -Q2 through -Q9 is low as at least one of address bits A17 through
A19 will be be high.  As both inputs to gate 32 are now high, this gate
applies a low input to gate 33 which therefore applies a low input to gate
35.  The -RAS output line therefore remains high 



irrespective of the inputs to gate 35 from inverter 50, so no -RAS signal
is generated and the soldered memory  is therefore, not selected. In
response to the -QO and -Ql decoder 31 outputs, the output of gate 37 goes
low so that the gate 38 output goes high.  Now one of the outputs -Q2
through -Q9 of the decoder 31 is low, so that the output of either gate 42
or gate 43 goes high.  Thus the output of gate 39 goes low, so the output
of gate 40 goes high despite the high input to this gate from    BC9-86-008
9 gate 38.  With the high input from gate 40, the output of the -RAS.S line
is the inverse of the output of inverter 50, so the socket memory is
selected by the -RAS.S signal. For the next examples, let us assume that a
power on self test sequence has detected an error in the lowest 128K memory
elements, and in response to this detection, a one bit has been entered
into input DO of register 30, so that the QO output is switched to high.
The first effect of the high level on the QO output of register 30 is that
the output of inverter 34 goes low, so gate 33 output is always low.
Accordingly the output of gate 35 is always high, so then no -RAS signal is
produced.  This means that the soldered 128K byte memory is not accessed,
which is what is required when a fault had been detected in it. We now wish
to use the lowest 128K addresses to access the socket memory modules.
These addresses, in which A16 is either one or zero and A17 through A19 are
all zero, produce a low output on either the -QO or the -Ql outputs of
decoder 31. These outputs cause the output of gate .37 to go high.  This
output, together with the high output from output QO of register 30, causes
the output of gate 38 to go low.  With the output of gate 38 low, the
output of gate 40 goes high irrespective of the value of its other input.
With the high input from gate 40 to gate 41, this latter gate inverts the
input from inverter 50 to provide the -RAS.S signal which follows the input
-RAS signal. Thus, the lowest 



128K addresses now access the socket, rather than the soldered, memory. As
indicated above, each -Q output of decoder 31 represents a 64K byte block
of storage.  Thus when -QO is low, the lowest 64K bytes are accessed, -Ql
is low when addresses 64 - 128K are used, -Q2 when addresses 128K - 192K
are generated, and so on, with -Q8 being low for addresses 512K to 576K and
-Q9 low for addresses 576K to 640K. With the QO high signal from register
30, the soldered memory is not accessed and only the 512K bytes of socket
memory are used.  The generation of the -RAS.S signal for addresses up to
128K has been described above.  For    BC9-86-008
10 each of the addresses of the next 384K of storage, that is, up to
address 512K, one of outputs -Q2 through -Q7 of decoder 31 goes low. For
this address range, therefore, the output of either gate 42 or gate 43 goes
high.  At this time, the output of gate 37 is low (as both -QO and -Ql are
high), so gate 38 output is high..  The high outputs of either gate 42 or
gate 43 passes through, and is inverted by, gate 39 to provide a low input
to gate 40, so that gate continues to provide a high input to gate 41.
This gate, therefore, continues to generate the -RAS.S signal for access to
the socket memory. Remembering that, without the soldered memory, we only
have 512K available memory addresses, we can now look at what happens if
the top most 128K memory addresses , that is addresses from 512K to 640K,
are generated.  For each of the addresses in this range, one of decoder
outputs -Q8 and -Q9 is low.  These outputs normally pass through gates 48
and 49 respectively to switch gate 43 output high to provide a low input
through gate 39 to gate 40.  When, however, the QO output of register 30 is
high, this level passes through both gates 48 and 49, thereby negating the
low inputs from decoder outputs -Q8 and -Q9.  Thus, via gates 43, 39 and
40, the lower input to gate 41 is low, so-that no RAS.S signal is
generated, and the memory does not respond to the highest addresses.  Thus,
with the QO output of register 30 high, the 



address range is limited to 512K and each address is used to access the
socket memory. It has been explained above that register 30 is used to
indicate, in addition to a soldered memory error digit in position DO,
indications of 64K byte memory blocks on devices coupled to I/O sockets 9
(Figure 1).  For simplicity, this memory will be termed I/O memory.  The
addresses of this I/O memory start at 256K and extend to 640K.  This
corresponds to six blocks of 64K addresses with each block, when present in
the system, being indicated by a high output on a corresponding one of the
Ql through Q6 outputs of register 30.  As can be seen in Figure 3, each one
of the Ql through Q6 outputs of the register is coupled to an input of an
associated one of OR gates 44 through 49.  Each one,    BC9-86-008 .
therefore, when set to a high level, negates the effect of a low output to
the corresponding OR gate from decoder 31.  This prevents the corres-
ponding NAND gate 42 or 43 from delivering a high output in response to a
low output from the corresponding output of the decoder.  Under this
condition, the output of OR gate 39 is high and, assuming the QO output of
register 30 is low, the output of gate 38 is high.  In response to the two
high inputs from gates 38 and 39, the output of gate 40 is low, so that the
output of gate 41 is maintained high.  As we are in the situation in which
addresses of values from 256K upwards are being used, gate 35 also provides
a continuous high output.  Thus neither the -RAS nor the -RAS.S signal is
produced.  In view of this, neither of the soldered or socket memory is
addressed.  This leaves the I/O memory for addressing.  With register
output Ql high, addresses 256K - 320K are in the I/O memory, with Q2 high,
addresses 320K - 384K are in this memory. Outputs Q3 through Q6 correspond
respectively to 64K memory blocks at addresses 384K - 448K, 448K - 512K,
512K - 576K and 576K -640K respectively.  All or any one, or none, of these
addresses can be 



transferred to I/O memory by entry of data into appropriate ones, or any
one of register 30 stages D0 through D6.  By resetting or over-writing any
one or more of the set register stages, addressing can be switched back to
the socket memory for memory blocks corresponding to the reset stages. In
summary, what has been described is an arrangement for addressing soldered
memory, socket memory and I/O memory. Soldered and socket memory accesses
use different negative-going row address strobes -RAS and -RAS.S
respectively.  A decoder decodes high order address bits and a logic
circuit is responsive to the decoder outputs and a register bit indicating
a fault in the soldered memory (which corresponds to low order addresses).
The logic circuit switches memory addresses to the socket memory on
detection of said register bit by disabling the -RAS signal and replacing
it by the -RAS.S signal for the low order addresses.  In addition, the
register includes further stages each of which can be set to indicate a
block of I/O memory.  When one or more of    BC9-86-008
12 these stages is set, the logic circuit responds by disabling both the
-RAS and -RAS.S outputs so that neither the soldered nor the socket memory
is accessed, but an I/O memory block is addressed instead.    BC9-86-008
1 3 CLAIMS 1.   A microcomputer system including a processor planar circuit
board, first memory means (17) permanently attached to, and connected to
circuitry on, said planar board, connector means (8) on the planar board
for removably coupling further memory means (18) to said circuitry, address
and control means  (16) coupled to said first memory means and to said
connector means for addressing memory installed in the system, said 



address and control means including logic means (Figure 3) for selecting
blocks of the installed memory for addressing using lowest ordered
addresses for said first memory means and higher ordered addresses for said
further memory means, and means for testing at least said first memory
means, characterised in that said address and control means includes means
(30) for recording an indication of a fault detected in said first memory
means during testing by said means for testing, said. logic means being
coupled to said means for recording for  disabling said first memory means
by directing all memory addresses to said connector means in response to a
said indication in said means for recording. 2.   A microcomputer system
according to Claim 1, in which said logic means includes means responsive
to a said indication for disabling highest ordered memory addresses of said
further memory means corres- ponding in number to the number of addresses
in said first memory means. 3.   A microcomputer system according to Claim
1, or Claim 2 in which said first and further memory means comprise dynamic
random access memories, said address and control means develops first
address strobe signals for said first memory means and second address
strobe signals for said further memory  means, and said logic means
includes means responsive to a said indication to replace each said first
address strobe signal by a second address strobe signal whereby said second
address strobe signals are developed for all memory addresses. 4.   A
microcomputer system according to Claim 3, in which said address strobe
signals are row address strobe signals.    BC9-86-008    14 5.   A
microcomputer system according to Claim 3, in which said logic means
includes decoder means for decoding high order memory address bits for
generating individual output signals on different output lines representing
different, common fixed size, blocks of said memories, and logic circuit
means for receiving said output signals, said indications and input address
strobe signals on an input address strobe line for 



generating said first address strobe signals on a first strobe line coupled
to said first memory means and second address strobe signals on a second
strobe line coupled to said connector means. 6.   A microcomputer system
according to Claim 5, in which said decoder means has a first output line
for indicating addresses of the lowest ordered fixed size block of memory
and a second output line for indicating addresses of the next higher
ordered fixed size block of memory from said lowest ordered block, said
logic circuit means being coupled to said first and second output lines,
said input address strobe line, and said means for recording to develop
said first or second address strobe signal in response to signals
consisting of an active input on said input address strobe line
concurrently with an active input. on the respective one of said first and
second output lines. 7.   A microcomputer system according to Claim 6, in
which said decoder means includes further output lines for indicating
addresses of respective fixed size blocks of memory ordered above said
lowest and said next ordered blocks, and said logic circuit means is
further coupled to said further output lines for providing said second
address strobe signal in response to concurrent active inputs from said
input address strobe line and one of said further  output lines and
concurrent active inputs from said input address strobe line and said means
for recording. 8.   A microcomputer system according to Claim 1, in which
said means for recording comprises register means including a first stage
for recording said indication, and including further means for determining
the presence of blocks of external memory on input/output devices    *8#
BC9-86-008                         15 removably coupled to input/output
connectors on the said planar circuit board and for recording a signal
related to each detected block of external memory in an associated one of a
plurality of further stages of said register means. 



9.   A microcomputer system according to Claim 8, in which said first and
further memory means are dynamic random access memories, said address and
control means develops first address strobe signals for said first memory
means and second address strobe signals for said further memory means, and
said logic means is responsive to an indication in said first stage to
replace each said first address strobe signal with a second address strobe
signal and is further responsive to a signal in a said further stage of
said register means to disable both said first and second address strobe
signals for addressing a block of external memory with addresses
corresponding to those of a block of said further memory means, whereby the
external memory is addressed by those addresses in place of said further
memory. 10.  A microcomputer system according to Claim 9, in which said
logic means includes decoder means for decoding high order memory address
bits for generating individual output signals on different output lines
representing different, common fixed size, blocks of said memories, and
logic circuit means for receiving said output signals, said indications and
input address strobe signals on an input address strobe line for generating
said first address strobe signals on a first strobe line coupled to said
first memory means and second address strobe signals on a second strobe
line coupled to said connector means. 11.  A microcomputer system according
to Claim 10, in which said decoder means has a first output line for
indicating addresses of the lowest ordered fixed size block of memory and a
second output line for indicating addresses of the next higher ordered
block of memory from said lowest ordered block, said logic circuit means
being coupled to said first and second output lines, said input address
strobe line, and said means for recording, to develop said first or second
address strobe    BC9-86-008              16 signal in response to signals
consisting of an active input on said input address strobe line
concurrently with an active input on the 



respective one of said first and second output lines. 12.  A microcomputer
system according to Claim 11, in which said decoder means includes further
output lines for indicating addresses of respective fixed size blocks of
memory ordered above said lowest and said next ordered blocks, and said
logic circuit means is further coupled to said further output lines for
providing said second address strobe signal in response to concurrent
active inputs on said input address strobe line and one of said further
output lines and concurrent active inputs on said input address strobe line
and said means for recording. 13.  A microcomputer system including a
processor planar circuit board, first memory means (17) permanently
attached to said planar circuit board, second 'memory means (18) removably
pluggable into socket means on the planar circuit board, address means for
addressing memory installed in the system, and means for testing at least
said first memory means, characterised by means (Figure 3) responsive to
said means for testing to control said address means to access said first
and second memory means when said first memory means Is faultless or said
second memory means only whensaid first memory means is faulty.    


