DATA TESTING Background of the Invention The present invention relates to a
-systemfor testing data, for exanple to test whether the data satisfies 5
predetermmned criteria. There are many sitygations in which data has to be
tested. For exanple, where a processor is configured to output a stream of
data to indi cat pATAATESTING ocessor is operating correctly there is a need
to fest the data to 10 check that it is correct. Anot her such
situation is where data relating to the status of a system such as a
railway track circuit system Bach bl geptrien hat the status is
correct. The present invention prOV|des a nmeans of testing data in 15

such situations. United Kingdom Patent Aﬁpllcatlon No. 2 112 533 di scl oses
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determ ned by tBerpaadeber "aaed Peb! effafRded NeeiPamdY processor is
operating correctly there is a need to test the data to
10 check that it is correct. Another such situation is

where data relating to the status of a system such as a
railway track circuit system has to be tested to ensure
that the status is correct.

The present'invention provides a means of testing data in
15 such situations. - '

United Kingdom Patent Application No. 2 112 533 discloses
a circuit for detecting that a plurality of signals are
generated in a predetermined éequence. The plurality of
signals are applied to address terminals of a memory
20 which stores a predetermined pattern, and a divide-by-N-
counter (N being a positive integer) counts a first dafa
output signal from the memory and applies the carry.
output signal to another address terminal of the memory.
An output signal of the circuit is derived from a second
25 data output terminal of the memory when the plurality of
input signals are generated in a predetermined sequence
determined by the predetermined pattern and the number N.

Summary of the Invention

According to the present invention there is provided a
30 system for tesfing a plurality of items of test data, the
system comprising memory means for storing a plurality of
items of stored data and, in response to an input signal



Summary of the Invention According to the present invention there is
.provided a 30 systemfor testing a plurality of itens of test data, the
.system conprising nenory neans for storing 5\ plurality of itens of stored
‘data and, in response to an input signal = “-2- identifying one of the
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is a digita the items of stored data are identified in a
predetermined order and if the items of test data do not
follow said predetérmined sequence then an item of stored
data is identified that causes feedback data to be
generated that ptevents any of said several items of the
15 stored data being identified subsequently.

Preferably, the output signal is a digital signal.

Preferably, the input signal is a digital signal. In
this case, preferably the feedback signal is a digital
signal and at least one bit of the input signal is

20 derived from a bit of the feedback signal. The test data
may be digital, at least one bit of the input signal
being derived from a bit of said one of the items of test
data.

The part of the oufput signal that provides an indication
25 of the result of the testing may be of a first form when
the items of test data follow one or more predetermined
sequences and of a second form otherwise. 1In this case,
said first form may be a regularly alternating signal.

Preferably, the items of stored data in said subset are
30 such as to cause those several items of stored data to be
identified in the predetermined order. The items of
stored data in said subset may be such as to cause at
least some of' those several items of stored data to be
identified in a repeating order. In such a case, the
35 items of stored daté in said subset may be such as to



signal and at |east one bit of the input signal is 20 derived froma bit

of the feedback signal. The test data may be digital, at |east one bit of
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part of the output signal constitutes a cross- check signal for another
such system :
Brief Description of the Drawings

Figure 1 is a circuit diagram which illustrates
schematically a e¢ircuit according to the present
10 invention;
Figure 2 is a circuit diagram which illustrates a
second circuit according tb the present invention; and
Figure 3 is a circuit diagram which illustrates a
third circuit according to the present invention.

15 Detailed Description

Figure 1 shows an EPROM 1 which stores items of data,
whose values are explained in more detail below. The
EPROM receives an input address signal at 2 and produces
at 3 an output signal dependent on the data stored at the
20 memory location specified by the address signal. The
address signal is derived from test data received at 4
and feedback data received at 5. These are combined at
6 to generate the address signal. The feedback data is
derived from at 1easf part of a previous output signal
25 from the EPROM.

In operation, as each item of test data is passed'to the
system an address is derived, a corresponding item of
stored data in the EPROM is accessed and an output signal
from the EPROM is generated in dependence on that stored
30 data. Feedback data dependent on that output signal are
combined with the next item of test data to generate the
address of the next item of stored data to be accessed.
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illustrates schematically a circuit according to the present 10
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accessed. 10 this case, at least one bit of test data and at least one
bit of feedback data should be combined.

The selection of the data to be stored in the EPROM will
now be discussed in more detail. The stored data
suitably defines a path of memory locations (bytes) to be
15 followed. The data stored in each byte of the path
generates feedback data which, together with the correct
next item of test data, generates the address of the next
byte on the path. If the test data is expected to be a
repeating set of data then the path may loop back on
20 itself: the last byte of the path may lead to an earlier
byte of the path so that at least part of the path may be
repeated. The bytes of the EPROM that do not form part
of the path are left unprogrammed - for an EPROM they are
each therefore all ones {(0OFFh f_or an 8~bit EPROM). If
25 incorrect test data is received and one of these
unprogrammed locations is addressed then a "failure"
output signal will be generated, and the resultant
"failure" feedback data will cause the path to continue
to be lost as more data is processed (the system will
30 "lock out").

The EPROM is suitably an 8-bit EPROM having at least 14
address lines, of which 7 could be allocated to bits of
received test data and 7 to bits of feedback. These bits
are fed unaltered to the corresponding address lines. Of
35 course, not all the address lines need be used, and other
ways of allocating the lines could be chosen. A 1IMB
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so that at |eas part of t be .r. peat ed. The byt es of the EPROM
that do not for p&PFu?ﬂe t??@‘%jﬂ‘?kaf’g‘tl é’fill uRFFYgr & n the ayemiRad t hey

are each 10er ef ar fadluirendse (& dhdmye @dechybithehPRTh . wif:h a single bit
error: 03Fh, O5Fh, 06Fh, 077h, 07Dh and 07Eh should also
be lock out values. This leaves 120 allowable feedback
values. To keep things simple this could also be the
number of path steps. To defect failure as quickly as
15 possible the order of the feedback values should maximise
the number of bits that'change each step. The values of
test data should ideally be 120 different numbers and,
again, for greatest integrity, their order should
maximise the number of bitslthat change each;step. For
20 greatesf integrity the all ones value should not appear
in the test data as hardware failure could well produce
this. As this is the same specification as for the
feedback data the same numbers can be used, although the
same numbers from the feedback and test data should not
25 coincide. Each complete address value, the location of
each path step, should be more than 1 bit different from
any other such address so that multiple bit failures are
required to change 'a valid address to another wvalid
address. The address values chosen should maximise the

30 difference between all address values in the path.

If at any stage there is more than one possible correct
value of test data then the path through the EPROM could
branch or widen to allow all correct test data values to
cause correct output signals.

35 Forms of memory other than EPROMs could, of course, be
used.
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O7Eh shouli® al s@s passed as test data to a respective EPROM 9,10. Of
the output from each EPROM 7 bits are passed back to that
EPROM as feedback data and 3 of those bits are also
passed to the address lines of the other EPROM as a cross
check. The address lines of each EPROM are allocated as
15 follows: 7 to test data, 7 to feedback data and 3 to
cross check data. |

The eighth outpﬁt bit from each EPROM is arranged to
alternate between 1 and O when the correct test data
sequence is provided. Each EPROM has a latch 11,12 for

20 its feedback signal, which is clocked by the respective
processor's timer, and a latch 13,14 for the test data
signal, which is clocked by DMA access. Both processors
use a common clock so that the feedback latches change
simultaneously. Typical operation is:

25  StateNo.  Processor  Feedback 1 Feedback 2 ROM Output Output
| Data Data Data level
0 0 0 0 0 0
1a P1 0 0 R1 1
1b P1 R1 R1 R2 0
2a P2 Rl R1 R2 1

30 2b P2 R2 R2 R3 0
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EPROM coul d branc COrrect test data values to cause
correct output signals. Forns of nenory other than EPROVs coul d, of

course, beilpised.The output circuit 15 provides a safely derived output
voltage signal at 16 indicating whether the correct
output is produced from each EPROM. If either EPROM
locks out then its output will not be correct and the
correct output signal 16 will not be produced.

15 The processors' software must periodically add more data
to the DMA. At these times the processors can make
progress checks by counting how much data is left in the
DMA and checking that they have taken the correct length
of time to perform the operations since the last addition

20 of DMA data. 1If that length of time is not correct then
the processor concerned has detected an error and can act
accordingly. The last item of data in DMA should be a
value that will force the EPROM to lock out if that value
is reached (if the DMA runs out of data due to the

25 processor taking longer than it should to perform a
task). Also, the index of the last check needs to be
recorded. Then if the software fails to cycle through

the check points in the correct order and in the correct
time lock out will occur.

30 Figure 3 shows another circuit in which the present
invention can be used. The circuit is part of a railway
track circuit transmitter. To check that the output is
of the correct amplitude, a proportion is passed at 17
and 18 to conditioning circuits 19,20, multiplexers

35 21,22, analogue-~to-digital converters 23,24 and then to
EPROMs 25,26 which (using similar circuits to that of



-6-- Figure 2 shows a further devel opnent of the circuit shown in Figure 1.
Two processors 7 and 8 duplicate each other's operations, for safety. If
the processors fall out of step then-the systemis assuned to have failed
and 5 suitabl e safety precautions are_tgken. To check that the
processors are in step and duplicating each other's operations, identical
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1 Feedback 2 ROMhaﬂquﬂpdiﬂqlﬂeach ADC is thus a series of bytes which
10 should mgtch the expected values. These are fed into
EPROMs 25,26 for checking. The output of the EPROMs is
a dynamic signal which is used to produce an enable
voltage for the mosfet drivers. 1In this situation the
width of the path defined in each EPROM needs to be
15 selected_to suit the data e.g. narrow (xl1l bit) for test
levels, wide (<limit) for output level. This last test
could lead to dormant failures where one conditioning
circuit fails open. The solution is to use cross check
feedback between the two EPROMS to compare the values of
20 the two ADC readings of the output.level. In other words
at this point the path splits into multiple ways to the
next point dependent on the value of the ADC. Each EPROM
must follow the identical path otherwise the cross check
feedback will cause a lock out.

25 An important feature of a system according to the present
invention is the degree of safety which can be achieved.
If a 1MB EPROM is used and the path is 120 steps long
then the number of address values that are not on the
path is vastly greater than the number that are on the

30 path. Thus, the chance of addresses that are_genefated
from incorrect test data continuing to produce a correct
output signal is very small.
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comprising at least part of the output signal produced on

10 testing a previous item of test dataland at least part of
the output signal providing an indication of the result
of the testing, in which system, when the items of test
data follow_a predetermined sequence, a subset comprising
several of the items of stored data are identified in a

15 predetermined order and if the items of test data do not
follow said predetermined sequence then an item of stored
data is identified that causes feedback data to be
generated that prevents any of said several items of the
stored data being identified subsequently.

20 2. A system according to claim 1, in which the output
signal is a digital signal.

3. A system according to claim 2, in which the input
signal is a digital signal.

4. A system acbording to claim 3, in which the feedback

25 signal is a digital signal and at least one bit of the
input signal is derived from a bit of the feedback
signal.

5. A system according to claim 3, in which the test
data is digital and at least one bit of the input signal

30 is derived from a bit of said one of the items of test
data.

6. A system according to any preceding claim, in which
the part of the output signal that provides an indication
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23,24 and then to EPROVE 25,26 whi'ch (using srmldar circuits to that of
-8- Figure 1) generate enable signals to drive units 27,28 i'f the correct
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cause those several items of stored data to be identified
in the predetermined order.

10 9. A system according to claim 8, in which the items of
stored data in said subset are such as to cause at least
some of those several items of stored data to be
identified in a repeating order.

10. A system according to claim 9, in which the items of

15 stored data in said subset are such as to cause not all
of those several items of stored data to be identified
repeatedly.

1l1. A system according to any preceding claim, in which
the input signal is dependent on a cross-check signal
20 from another such system.

12, | A system according to any preceding claim, in which
at least part of the output signal constitutes a cross-
check signal for another such system.

13. A system for testing a plurality of items of test
25 data, substantially as herein described with reference to
the accompanying drawings.
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enabl e vol tage for e nosfet—orrvers. In this situation the width of the
path defined in each EPROM needs to be 15 selected to suit the data e.g.
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output signal is very small. [err] 1. A systemfor testing a plurality
of itens of test data, the system conprising nenory nmeans for storing a
plurality of itens of stored data and, in response to an 5 i nput si gnal

i dentifying one of the itens of stored data, producing an output signal
~dependent on that itemof stored data, the_input signal being dependent on
one of the items of test data and on a fe€edback signal conprising at |east

part of the output signal produced on 10 testing a previous item of test
data and at | east part<ﬁ5trmeoutput signal providing an indication of the -
result of the testing, in I ch system mhen the itens of test data foll ow
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stored data are ident
of test data do not f
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digital signal

the test data is
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according to any
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15  stored data in said subset are such as to cause not al ||| GEPLAGEMENT SHEET

severalr itens of stored data to be identified repeatedly. 11.||A sysxgml PR_19%6

according to any preceding claim in which the input signal iytﬁ@b% @né' 1 haahuel
a cross-check signal 20 from anot her such system 12. A syStem accordi ng

to any preceding claim in which at |east parf of the output signal

constitutes a cross- check signal for another L ch system 13. A systemTor

testing a pluralit | LB tg§g3$€ data, substantially as herein
described with ref%?gi%ééio té&yhg nyi ng dr awi ngs.

A system is disclosed for testing a plurality of items of

D

test data, the system comprising memory means for storing
a plurality of items of stored data and, in responsé}to

5 an input signal identifying one of the items of stored
data, producing an output signal dependent on that item
of stored data. The input signal is dependent on one of
the items of test data and on a feedback signal
comprising at least part of the output signal produced on

10 teséing a previous item of test data, at least part of
the output signal providing an indication of the result
of the testing.
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