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(57) Abstract

An automatic test apparatus (10) coupled to a bi-directional internal data and control bus (26) of a programmed micro-
processor-based system (14) tests the performance of the system (14) in real time. Signal responses of the bus (26) within a
known good system (12) are compared in real time to signal responses on the bus (26) of the unknown system under test(14) in
order to identify faults. Faults are isolated by a sequential algorithm which stops operation at the designated occurence of a fault,
typically the first fault, and thereupon traces the error causing the fault to the subsystem or components in the system under test
(14) supplying the indicated error signal to the bi-directional bus (26).
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TESTER FOR MICROPROCESSOR-BASED SYSTEMS
SPECIFICATION

Background of the Invention
1. Field of the Invention
This invention relates to automatic testing

equipment (ATE) for dynamic testing of a microcomputer and
specifically a microprocessor-based board. By a
microprocessor-based board, it is meant a general-purpose
central processing unit (CPU) or a special purpose
microprocessor—-based process controller, or the like, which
is assembled in a self-contained package such as one or
several circuit boards and is characterized by input and
output terminals, (board edge inputs and outputs), at least
one microprocessor unit (MPU), a bi-directional data and
control bus coupled with the MPU, and at least some
programmed logic functions (in either hardware or software
form), and which is capable of performing complex system
functions and executing instructions according to
"intelligent", i.e., programmed, decision criteria. 1In
particular, the invention is related to a technique for
automatic operational (real-time) testing of a
microprocessor-based board or system.

As the complexity of large-scale integration (LSI)
has increased and the applications for miniature and special

purpose computers have expanded, the need for diagnosing
errors in operational functions and faults in circuitry has
also increased. Bus-connected LSI boards and MPU-based
boards and systems have developed to such complexity that
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traditional testing is cumbersome and often impossible.
While facilities and techniques for testing unprogrammed
MPUs as well as LSI-type components, including random logic
systems, are known to the art, such facilities and
techniques have heretofore been inadequate for testing
"intelligent" systems, such as programmed MPU~-based boards
or systems under actual operating conditions.

One difficulty in attempting to upgrade
conventional ATE is the lack of facilities to automatically
and sequentially search out and identify sources of errors
and locations of faults within a bus-connected operating
system. A second difficulty, which inhibits the diagnosis
of faults, is the relatively limited access given the ATE to
the internal operation of the system. The MPU-based board
or system with its minimum component count and minimum
number control and data lines represents a tremendously
advanced system design. But, when such a system works
improperly, i.e., requires debugging, the complexity of the
debugging problem can defy diagnosis by previously known
trouble-shooting techniques. There is thus a need for
improved techniques and devices for automatically testing

microcomputer-based boards and systems.

2. Description of the Prior Art

Logic testers for random logic systems are known.
Many testers employ so-called spatial algorithms wherein
faults are traced by physically'isolating location. The
application of spatial algorithms is generally limited to
fault tracing of non-bus~-connected random logic systems.
Programmed components are typically isolated or removed from
a tested system to simplify fault analysis.

Logic testers for some simple microprocessor—based
systems are also known. Fluke Trendar of Mountain View,

California, manufactures a line of microprocessor board
testers utilizing nodal signature diagnostic and real-time

comparative diagnostic techniques for testing of random
logic boards, LSI-type boards and microprocessor—based
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boards. One such representative system is the Model 3040A.
Testers and techniques have also been developed capable of
testing complex and irregular LSI devices in real time. A
representative system is offered by Megatest Corporation of
Sunnyvale, California. The level of complexity of a
programmed microprocessor-based board, however, exceeds the
current capability of these or other ATE to thoroughly
analyze and detect faults. For example, known spatial
algorithms are incapable of locating faults which create
errors propagated through a programmed bus-connected system.

Therefore, with the increased availability and
importance of microprocessor-based boards, there is an
increased need for ATE capable of quickly and thoroughly
diagnosing faults in complex programmed systems.

Summary of the Invention

According to the invention, an automatic test
apparatus is coupled to a bi-directional internal data,
address and control bus of a programmed microprocessor-based
system and tests the performance of a system in real time by
direct comparison with a known good system (reference
system). Signal responses on the bi-directional bus in the
reference system are compared in real time to the unknown
system, (system under test or test system), in order to
sense failures. Failures are isolated by monitoring the
digital signals on the bi-directional bus, and, according to
a sequential algorithm, stopping the test at the first
occurrence of a failure, identifying the status of the bus
at the occurrence of the failure, and directing a search for
the source of the failure. The technique is known as a
"stop on first fail" algorithm. The "stop on first fail"
algorithm prevents a failure from propagating through a
system which would otherwise make it impossible to locate
the source of the fault.

The bi-directional bus is coupled to the
microprocessor unit and acts as a sequentially time-shared
"spinal cord" among subsystems communicating with the
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microprocessor unit. As such, the bus represents a tight
software/hardware feedback loop. According to the
invention, therefore, the feedback loop is broken and the
failure is traced by jdentifying the functional status of
the bus and indicating the location of the failure through
automatic reference to the microprocessor memory map. (The
memory map is a correspondence between memory locations
within the computer system and actual devices implementing

those locations.)

The principal object of this invention is to
provide a means for automatically diagnosing faults of a
programmed microprocessor-based board or system. This is
accomplished by providing means for accessing and techniques
for monitoring the bi-directional data and control bus
coupled to the MPU on the microprocessor-based board to
locate operational failures..

A further object of the invention is to operate
two microprocessor-based poards in parallel real time for
test purposes, one of which is a system under test (test
system or SUT). This is accomplished by stimulating both
the reference system (REF) and the SUT by peripherals (input
and output devices) common to both systems or by a common
stimulus generator. In addition, means are provided for
synchronously clocking the operation of both the REF and the
SUT.

A further object of the invention is to provide a
diagnostic algorithm for locating faults. The algorithm is
operative to simultaneously stop the operation of the REF
and the SUT at the first occurrence of non-coincident
signals on the MPU bus. The algorithm employs direct
information, data information, and status information
derived from the monitoring of all input and output
terminals of the MPU and the memory map of the SUT to locate
and display the source of the failure. A display may
indicate which channel igs the source of the error. The term
"channel" refers to that device corresponding to a
particular memory address. A channel is identified from the
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information obtained at the first failure and through the
memory map.

A still further object important to the operation
of the invention is to provide an ability in the tester
itself to utilize key information fed to the MPU, and
particularly to identify the status and operational mode of
the bi-directional bus. '

Other objects and advantages will be apparent by
reference to the following detailed description.

Brief Description of the Drawings

Fig. 1 is a block diagram of a tester according to
the invention illustrating the testing equipment.

Figs. 2A and 2B are together a detailed block
diagram of the tester of Fig. 1. Fig. 2C illustrates the
manner in which Figs. 2A and 2B relate. Figs. 2A, 2B and 2C
are referred to collectively as Fig. 2.

Fig. 3 is a flow chart illustrating the sequential
diagnostic algorithm according to the invention.

Fig. 4 is a circuit diagram according to the
sequential diagnostic algorithm.

Fig. 5 is a circuit diagram of a preferred
embodiment of the primary data collection functions

according to the invention.

Detailed Description of the Preferred Embodiments

Figure 1 illustrates a test system environment
embodying the invention. The environment includes a testing
apparatus 10, a programmed computer system to be tested,
"SUT* or "test system”™ 12, a system for comparison with the
test system, "REF" or "reference system" 14, and operational
peripheral devices 16 coupled through digital logic to the
test system 12 and the reference system logic.

The peripheral devices 16 operate to stimulate
both the test system 12 and the reference system 14 in
synchronism. The peripheral devices 16 may be input/output
equipment actually used in an operational system, such as
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displays, keyboards, printers and sensors, or there may be
provided a stimulus generator which is operative to simulate
actual input/output signals.

The basic architecture of the programmed system
12, 14 is also illustrated in Fig. 1. Each system 12, 14 is
self-contained on a circuit board 15. Each system 12, 14
comprises a digital central processing unit (CpU) 18, memory
20, an input/output subsystem 22, interface logic 24 and bi-
directional (or three-state) data and control bds 26. A
clock 28 or clock input 30 is associated with each CPU 18.

The memory 20 comprises a storage medium for
digitized data and for an ordered set of operational
instructions (a program) for the CPU 18. The program may be
permanently resident in memory 20, for example, in the form
of a read only memory, OT it may be temporarily resident, as
in a random access memory having read and write
capabilities.

In order for the programmed test and reference
systems 12 and 14 to be self-contained, the CPU 18 comprises
a microprocessing unit which is generally provided in a
single unit package (chip) with multiple terminals 30. A
typical microprocessing unit chip has forty terminals. The
terminals 30 are coupled to the bi-directional bus 26.

The bus 26 is the main control and data
information conduit of the programmed systems 12, 14, and it
is adapted to transmit information rapidly in both
directions and in time-multipleﬁed format between subsystems
coupled thereto.

The programmed systems 12, 14 communicate with the
external environment through a further terminal set at the
edge of the circuit board, often called a board edge
connector 32. The edge connector 32 couples with the system
interface logic 24, which in turn couples with the
input/output system 22, which in turn communicates with the
bus 26.

According to the invention, in order to diagnose
faults in the test system 12, the testing apparatus 10 is
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directly coupled to the bi-directional bus 26 of the test
system 12 through a test bus probe 34 via a test bus cable
assembly 36, and also to the bus 26 of the reference system
14 through a reference bus probe 38 via a reference bus
cable assembly 40. The coupling is made in such a manner
that comparison between simultaneous signals on the
respective buses 26 can be made to detect non-coincidences
("failures") and to automatically trace them to pheir
sources based on the information supplied by the bus 26. 1In
addition, a manual test probe 42 and a manual reference
probe 44 may be provided for manually tracing faults not
associated with the bus 26.

Turning now to Fig. 2, there is shown the testing
apparatus 10 of Fig. 1 in greater detail. 1In addition to
the interconnections shown in Fig. 1, the test system 12
includes a clock (MPU clock) 28 which is coupled to the test
system CPU 18 in a CPU socket 19 and to the reference system
14. The MPU clock 28 is operative to synchronize the
reference system 14 with the test system 12 to assure
precisely synchronous operation.

In the preferred embodiment, the multiple terminal
probes 34, 38 are typically a forty- pin connector
(corresponding to the number of CPU 18 terminals). The
probes 34, 38 are generally attached directly to the test
unit CPU 18 and reference unit CPU 18 in CPU socket 19.

A cable assembly 48 interconnects the testing
apparatus 10 and the test environment. The cable assembly
40 includes the forty-line bus cables 36, 40 adapted to
convey all signal information coupled to the CPU 18, which
in turn are coupled respectively to a test cable buffer
circuit 50 and a reference cable buffer circuit 52.

The respective cable buffer circuits 50, 52 are
operative to buffer the inputs and outputs of the CcpU 18 for
driving the diagnostic circuitry of the testing apparatus
10.

The sequential diagnostic algorithm according to
the invention cannot be accurate if the bus 26 contains
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short circuits. Therefore a separate test and test
configuration is needed to check the bus 26 (Fig. 1) of the
test system 12 for short circuits. For a shorts test, the
puffer 50 is adapted to include logic circuitry 54 for
testing for internal shorts on the test system bus 26. The
shorts test logic circuitry 54 (Fig. 2) may specifically
include a shorts test register (not shown), which is a three-
state register. The shorts test register is responsive to
shorts test data via a shorts test data line 58 and to a
shorts test clock 56.

The shorts test sequence 1is undertaken as follows:
The tester 10 is preprogrammed with an indication of which
CPU terminals 30 (Fig. 1) are permanently stuck in high or
low states so that those terminals are ignored. The CPU 18
is removed from its socket 19 in the test system 12 for the
duration of the shorts test. The multiple terminal probe 34
is then connected to the test system CPU socket 19 to force
all possible lines of bus 26 to float. Thereafter the
shorts test register is cleared to zero. Then all lines of
bus 26 are tested one at a time for any which are stuck in a
high state. Thereafter a single high bit is clocked through
the shorts test register one place at a time for each of the
bus lines to change each of the bus lines high one at a
time. Each of the other bus lines is also tested to
determine if any of the other bus lines has also changed
state. 1In this manner each of the bus lines is checked to
determine whether it is stuck hiéh, stuck low or stuck
together with another bus line.

Referring now to the testing apparatus 10 per se,
the essential components are a central controller 60,
control switches or buttons 62, a display device 64 (such as
a cathode ray tube (CRT) or the like), cycle or personality
logic 66, test and reference buffers 68 and 70, and various
special purpose comparator and latch subsystems 72, 74, 76

and 78.
The bus 26, being bi-directional and sequential,
contains information whose significance varies with time.
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By way of example (with reference to Fig. 1), the
information on the bus 26 at one instant may be output from
the CPU 18 to a particular memory 20 or I1/0 subsystems 22.
At another instant the bus contained information may be
input data to the CPU 18. At still another instant the CPU
18 may use the bus 26 to identify to other subsystems state
information on its current operation or state. Address as
well as data information may be time-multiplexed onto the
common bus 26. The bus may also exhibit an "off™ state
(characterized by a high impedance) during which time
signals on the bus 26 have no significance.

The testing apparatus 10 must be capable of
responding to or decoding the significance of each signal or
state occurring on the bus 26. The personality logic 66 is
tailor designed to the characteristics of the type of CPU 18
employed in the test system 12. The personality logic is
operative to generate specialized strobe signals (via strobe
lines 71, 73, 75, 77 and 79) and status signals (via CPU
status bus line 110) for correct operation of the testing
apparatus 10 with the particular CPU 18. The personality
logic 66 is combined with test buffer 68 to direct the
timing and the routing of microprocessor signals to the
comparator inputs.

The strobe signals are for time-demultiplexing the
sequential bus line signals which enables the central
controller 60 to sort out the information flowing on the bi-
directional bus 26, and eventually to separate failure
sources. For example a data strobe carried via line 75 is
derived by the personality logic 66 to identify those
instants at which the bus 26 contains valid data. A status
strobe, carried by lines 71, 77, is similarly derived for
identifying the particular process cycle in progress. The
status strobe further defines the type of information
transfer taking place on the bus 26. An address strobe,
carried via line 73, identifies when a valid address is
being presented on the bus 26. Further strobes, as for
example a control strobe carried via line 79, are employed
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to sample the states of the various control signals to and
from the CPU 18, and also to time demultiplex shared
address/data terminal input and output terminals of the CPU
18. The personality logic 66 and buffers 68 and 70 may
include storage registers (not shown) for temporarily
storing digital information which can then be transmitted in
parallel with subsequent information through an enhanced
line output bus of the buffers 68 and 70. In the preferred
embodiment the buffers 68 and 70 are provided with forty
input lines whereas a forty-eight line output is provided.

Turning now to the comparator and latch
subsystems, the first comparator and latch subsystem, herein
the address comparator/latch 72, is coupled to receive
parallel address signals from both the reference system
puffer 70 and the test system buffer 68. The second
comparator and latch subsystem, herein the data
comparator/latch 74 is coupled to receive data information
from the reference system puffer 70 and test system buffer
68. The third comparator and latch subsystem, herein the
control/miscellaneous comparator/latch 76, is coupled to
receive control signals and other miscellaneous signals from
the reference system puffer 70 and test system buffer 68.

The fourth comparator subsystem, herein the probe
comparator 78, is an optional comparator coupled directly to
the manual probes 42 and 44. The comparator/latches 72, 74
and 76 are adapted to compare reference system bus signals
and test system bus signals in parallel operational
relation. Each of the comparator/latches 72, 74, 76
provides four output types, namely a "Fail Indication™ 80,
82 and 84, a state description ("State") 86, 88 and 90, a
stuck register description ("Stuck™) 92, 94, 96 and a
failure description (*Failures") 97, 98 and 100.

In order to assure that the reference system 14
and test system 12 commence operation under identical
conditions, the central controller 60 provides a reset

mechanism via a reset signal line 46.
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A Fail Indication signal 80, 82, 84 is generated
whenever a comparator detects non-coincidence between
outputs of the reference buffer 70 and the test buffer 68.
The particular Fail Indication signal identifies the type of
failure, namely address, data or control. When failure
occurs, the controller 60 immediately removes enable signals
via signal line 102 from the comparators 72, 74, 76, 78 and
the personality logic 66. This freezes the state of the
latches in the comparator/latch subsystems 72, 74, 76 prior
to the occurrence of the next timing strobe and thereby
captures the State, Stuck and Failures description in the
current location. The State buses 86, 88 and 90 are merged
into a single State bus 104, the Stuck buses 92, 94 and 96
are merged into a single Stuck bus 106 and the Failures
buses 97, 98 and 100 are merged into a single Failures bus
108. The Failures bus 108 identifies the address of the non-
compare signals. The Stuck bus 106 identifies the signals
which have never experienced logic state transitions. The
State bus 104 identifies the address and status of the
system program at failure.

The removal of the enable signal via signal line
102 to the personality logic 66 also causes a latch (not
shown) in the personality logic 66 to provide a CPU status
signal to the controller 60. The system information
provided by the comparator/latches 72, 74 and 76 and the CPU
status information disclose to the central controller 60 the
identity and the location of faults within the test system
12.

A sequential diagnostic algorithm shown in Fig. 3
is the technique employed by the central controller 60 to
analyze the information and to present the analysis in
useful form to a display/output device 112.

The separate Fail Indication signals via signal
lines 80, 82 and 84 serve as flags permitting the controller
60 to separate address, data and control failures according

to the sequential diagnostic algorithm of Fig. 3.
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Once a failure has been sensed (via signal lines
80, 82 or 84) the controller 60 checks CPU status (signal
line 110). If the CPU 18 is operating in a direct memory
access (DMA) cycle (step 200) the controller 60 immediately
identifies and signals a Bus Device Failure (step 202);
causing display of current address, data and status
information. This information will indicate failure at a
specific bus-connected subsystem. Using this information,
the user with the help of a program memory map of the test
system 10 locates the defective bus-coupled subsystem. The
memory map may be automatically referenced by the controller
60 through a separate algorithm that compares the address,
data and status information with the parameters of a memory
map description. A description of an automatic memory map
search is given hereafter. If the failure is not located in
a bus-coupled subsystem, then the bus-coupled subsystem
propagating the failure is used as a starting point to
locate the failure through a conventional spatial diagnostic
algorithm using the manual probes 42, 44.

If a failure does not occur on a DMA cycle, the
controller 60 then checks for address failure (step 204),
that is, non-coincidence between the address information of
the test system 12 and the reference system 14 indicated by
signal line 80. A positive address failure indication
points to a failure in the CPU 18 (step 206) thereupon the
controller 60 causes display of "cpy FAIL" or the like, or
the cycle count at fail (operational termination).

If no address failure is indicated (step 204),
then the controller 60 checks for a control signal failure
(step 208) as indicated by signal line 84. 1If a control
signal failure is positively indicated, the controller 60
checks the CPU status line 110 to determine if the condition
occurred during control input (step 210), thereby indicating
input control signal failure. A positive indication points
to a bus-coupled subsystem failure (step 202) locatable with
the help of the program memory map previously described. A
negative indication points to a CPU failure (step 206).
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If no control signal failure is indicated (step
208), then the controller 60 checks for data failure (step
212) as indicated by signal line 82 (Fig. 2). If data
failure has occurred, the controller 60 checks CPU status
through line 110 to determine if the condition occurred
during a write cycle (step 214). A positive indication
points to CPU failure (step 206). A negative indication
points to a bus-coupled subsystem failure (step 202).

If no data failure has been indicated (step 212),
then the controller 60 signals occurrence of an extraneous
fajlure. An error sign (step 216) is caused to be displayed
together with the program count at fail. The error sign
generally indicates a problem which is not caused by the
test system 12 and therefore not within the capability of
the testing apparatus 10 to diagnose automatically.

In summary, a controller 60 embodying the
sequential diagnostic algorithm comprises a means for
indicating the nature of the non-coincidence between the
reference system 14 and the test system 12 and a means for
designating the bus-coupled subsystem originating the non-—
coincidence. Thus a test apparatus 10 incorporating the
sequential diagnostic algorithm greatly facilitates the
isolation of programmed microprocessor-based board/system
faults.

The sequential diagnostic algorithm of Fig. 3 may
be embodied as either a hard-wired circuit of digital logic
gates or in software form. Figure 4 illustrates one circuit
embodiment employing AND, OR and inverter gates. The
circuit separates failures into either bus-coupled subsystem
faults or CPU faults according to the following Boolean

logic equations:

f = A + B(CD + E) Eq. 1

g=25k(B +CD + F) Eq. 2
where .

f is TRUE if there is a bus-coupled subsystem
failure; '

g is TRUE if there is a CPU failure;
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A is TRUE if the system is on a DMA cycle at

failure;

B is TRUE if there is an address failure;

C is TRUE if there is a data failure;

D is TRUE if the system is on a read cycle at
failure; '

E is TRUE if there is an input control signal at
failure; and A

F is TRUE if there is an output control failure.

Figure 4 represents a schematic diagram of a
circuit according to Equations 1 and 2.

The test system memory map may be embodied
manually by reference to printed documentation or
automatically through an auxiliary memory map input device
63 (Fig. 2) coupled to the central controller 60. The
identification of a faulty bus-coﬁnected subsystem may then
become the starting point of a technique or algorithm for
automatically guiding the user to the faulty device or node
(terminal). One such guide probe algorithm is the
Autotrack™ algorithm embodied in the Model 3040A Logic
Tester built by Fluke Trendar Corporation of Mountain View,
California.

The implementation of the search for the program
or data location of failure comprises first specifying the
program address Or address range of each of the bus-coupled
subsystems. Thereafter, utilizing the tester-generated
address at failure, sequentially searching the address
entries in the memory map until a matching address or cor-
related address range is found. Then comparing the data bus
bits for which failure occurred against known information
about which data bus bits are associated with that
particular entry in the address map. This last step is
necessary because each data bus bit may designate a
different subsystem coupled to the data bus. For example,
if 1024 8-bit bytes (words) of read-write memory are
implemented with eight separate 1024 x 1 bit Random Access
Memory (RAM) chips, eight entries are needed for that range
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of 1024 addresses, and each entry would be identifiable only
by matching with the data bus bit corresponding to each
chip.

However, once the address at failure has been
isolated and the correct data bus bit has indicated which
chip is active at failure, the tester has isolated the bus-
coupled subsystem causing the error.

Details about specific implementation of the
search technigue depend upon the architecture of the
apparatus which actually carries out the search technique.
One suitable apparatus is the Fluke Trendar 3040A Logic
Tester mentioned above. The organization of the data base,
in this case a memory map, stored in the logic search
apparatus determines the search implementation. One example
of one possible organization for search implementation is
given in the Table below. In the Table, the first three
columns are in hexadecimal (base 16) notation and the last
column is in character notation such as ASCII code. Column
3 is a data bit mask for identifying data bus bit position
of a device coupled to the data portion of bus 26 (Fig. 1).
The example is shown for a 16-bit address and 8-bit data bus
configuration. Entries 2 through 9 exemplify the 1024 x 1
bit RAM chips of the above example. Entry 1 is for a 2048 x
8 Read Only Memory (ROM) chip.

& 7
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Referring now to Fig. 5, there is shown a
schematic diagram of one embodiment of a digital circuit
implementing the basic data gathering function of the
comparator/latches 72, 74 and 76 (Fig. 2) together with
selected auxiliary functions. The auxiliary functions
include a mode selector 250, and address/mask circuit 252
and a cycle counter 254,

The comparator/latch subsystems 72, 74; 76
comprise a comparator section, a failure indication section
and a three-state latch section.

The comparator section comprises forty EXCLUSIVE
OR gates 260 (with inverted outputs) connected in parallel
to the reference system buffer 70 and the test system buffer
68 (Fig. 2).

The three-state latch section includes a first
array 270 of ten four-input D-type registers, such as type
8551 (manufactured by National Semiconductor Corporation of
Santa Clara, California), a second array 272 of ten four-
input D-type registers, also type 8551, and a third array
274 of ten four-bit latches or quad latches such as type
8544 also manufactured by National Semiconductor Corp{

The inputs of the first array 270 are derived from
the outputs of gates 260. The first array 270 is operative
to store failing pin information, if any, and to make that
information available to the controller 60.

The inputs of the second array 272 are derived
from the output test buffer 68. The second array is
operative to store all binary state information and to make
it available to the controller 60.

The third array 274 derives input from an array of
forty dual input EXCLUSIVE OR gates 276 whose inputs consist
of the state information from test system buffer 68 and from
forty parallel delay circuits 278 (D-type flip-flops). The
third array is thus operative to store the compared current
and previous state information to determine if there has
been activity on each information line indicating stuck pins

and to make the information available to the controller 60.
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The failure indication section comprises the
outputs of gates 260 coupled in groups of five to eight five-
input NAND gates 262, each of which is coupled to a fault
latch 264. The eight fault latches 264 comprise D-type flip-
flops. The inverted outputs Q are coupled to one nine-input
NAND gate 266. In operation, a non-coincidence at any of
the comparators 260 is propagated to the fault latches 264
which signals a Failure Indication at the output of gate
266, to the mode selector 250. 1In the normal fault sensing
mode, the Failure Indication disables the cycle counters 254
and freezes all latches.

Other test modes of operation of the test
apparatus 10 besides 'stop-on—first—fail“ may include "stop-
on-count”, “stop—on—Nth—fault", "stop-on-probe” and "stop-on-
external-signal®.

In the "gtop-on~count" mode the mode selector 250
monitors the COUNT signal line from cycle counter 254. When
the cycle counter 254 registers a predetermined count, which
has been entered by the operator via keyboard control
switches 62 (Fig. 2), the mode selector 250, through the ENA
signal line, it causes all registers and latches 270, 272,
274 to be loaded with the current test information.

The "stop-on-probe"” mode is normally employed
after a bus failure has been identified in order to isolate
a non-bus-coupled failed subsystem. The manual probes 42,
44 (Fig. 1) are coupled to comparator 78 (Fig. 1) whose
output as PROBE (Fig. 53) is provided to at least one of the
NAND gates 266 (Fig. 5) and to the mode selector 250. The
manual probes 42, 44 are eﬁployed according to conventional
spatial diagnostic technigues to jsolate the subsystem OT
device generating bad (non-coincident) outputs from good
(coincident) inputs.

In the “stop-on-external-signal" mode, the test
apparatus 10 is operative to stop and latch data on an
external signal. It is used when the test apparatus 10 is
interfaced with other testers, as well as for diagnostic
testing of the test apparatus 10 itself.
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The "stop-on-Nth-failure"™ mode enables the
operator to terminate system operation on a sensed non-
coincidence other than the first sensed non-coincidence.
This feature is particularly useful in testing circuitry or
components which cannot be initialized such as a memory
refresh controller having an internal counter (such as Intel
3222 of the Intel Corporation, Santa Clara, California) or
an analog-to-digital (A/D) converter. Uninitialjzable
circuits may cause meaningless non-coincidences to be
detected as failures, such as non-coincidences resulting
from start-up. In addition, this test mode may provide
ugseful information by indicating how a real error would
propagate through a system if the test system is allowed to
continue operating after a failure occurs.

Referring to Fig. 5, to implement the "stop~on-Nth-
failure™ mode a counter clock selector 255 is provided at
the input of the cycle counter 254. The cycle counter 254
in operation is preloaded with N, the number of failures to
be ignored. The counter clock selector 255 monitors the
FAIL signal output of NAND gate 266 to cause the cycle
counter 254 to be clocked'once each failure. Consequently
the mode selector 250 inhibits the transition of the ENA
signal in response to the FAIL signal until the COUNT signal
line from the cycle counter 254 indicates that the
predetermined number of failures has been counted.

One further feature of the invention is a masking
function provided by the address/mask circuit 252. The
address/mask circuit 252 provides two types of masks, a hard-
wired mask (EXT MASK) and a software-derived mask (ADDRESS) .
The masking function is particularly useful when the test
system 12 cannot be immediately initialized. The hard-wired
mask (EXT MASK) couples to the reset input of the fault
latch 264. The software-derived mask (ADDRESS) is initially
loaded into an array of J-type flip-flops on the master
reset (MR) signal and then is coupled to the fault latch
264. EXT MASK is operative to mask failures when TRUE. The
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ADDRESS mask is intended to mask all failures until a
specified address occurs.

The invention has now been explained with
reference to specific preferred embodiments having
particular advantages over the prior art. In summary and by
way of éxample of the numerous advantages, the following key
features are noteworthy. The inventive test apparatus
provides access to the principal bi-directional .bus of a
programmed microprocessor-based system, which considerably
simplifies system diagnosis as compared with prior art edge
connected testers. The invention is optimized for
sequential pus-coupled operating systems such as programmed
systems, as contrasted to random logic systems.

The invention provides controlled synchronous
multiple clocking functions, which simplify diagnosis of
programmed systems. Moreover, the invention allows for
system diagnosis through program jocation and subsystem
status analysis. Address, data and status. information 1is
seqregated, and a memory map is used to trace €rrors.

_ The invention provides a display of the channel at
fault rather than the failed pin. Inherent in the invention
is the capability of deciphering the information on a time-
multiplexed bi-directional bus.

A further feature is the capability of
automatically testing for shorts on the pi-directional bus.
without this feature, the “stop—on—first-fail" algorithm can
be defeated.

The sequential diagnostic algorithm herein
disclosed may also be adapted to be embodied in any testing
machine which is capable of sequentially monitoring all
machine cycles and of stopping on the first failure of
signal coincidence with a reference. FoOr example, the
algorithm may be implemented with a logic state analysis-
type tester, a truth-table-type tester, OT comparison-type
tester. However, the algorithm cannot be implemented on
signature-type testers since such testers cannot recognize

the first sequential failure.
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Other features, advantages and obvious
modifications will be apparent from the foregoing
description to those of ordinary skill in the art. It is

therefore not intended that this invention be limited except
5 as indicated by the appended claims.
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WHAT IS CLAIMED IS:

1. In an apparatus for testing a substantially
self-contained programmed computer system, designated a test
system, for identity with a second substantially self-
contained programmed computer system, designated a reference
system, the test system and the reference system being
adapted to synchronously respond to a common clock means and
a common external input/output signal generating means, each
one of said programmed computer systems including
subsystems, namely a central processing unit having a'
microprocessor, said microprocessor having a plurality of
terminals, said microprocessor being removably mountable in
socket means of the central processing unit, a memory means
for a resident operational program and for data storage,
input/output interface means communicating with the
input/output signal generating means, and a bi-directional
bus which is coupled to each one of said subsystems and
which is operative to communicate digital signals between
said subsystems, the testing apparatus characterized by:

first means including a signal connector for
connecting said testing apparatus to the test system bus for
detecting said digital signals thereon, said signal
connector comprising a multiple-terminal microprocessor
connector means which couples said socket means with said
microprocessor, said first detecting means further
comprising buffer means coupled between said microprocessor
and comparing means;

second means including a signal connector for
connecting said testing apparatus to the reference system
pus for detecting said digital signals thereon, said signal
connector comprising a multiple-terminal microprocessor
connector means which couples said socket with said
microprocessor, said second detecting means further
comprising buffer means coupled between said microprocessor

and comparing means;
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means coupled to said first bus signals detecting
means and to said second bus signals detecting means,
corresponding signals of said first and second bus signals
detecting means being paired for comparing test system bus
signals and reference system bus signals synchronously to
detect non-coincidence therebetween; '

means for simultaneously terminating operation of
the test system and of the reference system upon- detection
of said non-coincidence; and

means for indicating the nature of said non-

coincidence.
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2. An apparatus according to claim 1 wherein said
comparing means comprises an array of dual-input EXCLUSIVE
OR gates and an array of storage registers, the first input
of each one of said gates being coupled toO receive said bus
signals from said first detecting means, the second input of
each one of said gates being coupled to receive said bus
signals from said second detecting means, the output of each
one of said gates being coupled to an input of one of said
storage registers, said terminating means peing coupled to
register an indication of non-coincidence between inputs of
each one of said gates and to cause storage of a

representation of said non-coincidence.

3. An apparatus according to claim 2 wherein said
indicating means includes means coupled to said test system
bus for storing a representation of digital signals thereon

in response to a registered indication of non-coincidence

from said latch means.

4., An apparatus according to claim 3 wherein said
indicating means further includes means for sensing and
storing signal indications of signal lines of said bus

having experienced no signal change.

5. An apparatus according to claim 4 wherein said
sensing means comprises an array. of further dual-input
EXCLUSIVE OR gates and an array of further storagdge
registers, the output of each one of said further registers
being coupled to one input of each one of said further
gates, the input of each one of said further registers and
the other input of each one of said further gates being

coupled to receive said test bus signals.
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6. An apparatus according to claim 1 further

including means for designating the bus~coupled subsystem

originating the non-coincidence.

7. An apparatus according to claim 6 wherein said

designating means is operative to designate between a

central processing unit failure and a failure in another bus-

coupled subsystem according to the following equations:

f =A + B(CD

g =3(B + CD
where

g is TRUE if
failure;

f is TRUE if
coupled subsystem;

A is TRUE if
a direct memory access

B is TRUE if

C is TRUE if

D is TRUE if

+ E)
+ F)

there is central processing unit
there is a failure in another bus-

the programmed system is operating on
cycle during failure;

there is an address failure;

there is a data failure;

the programmed system is operating on

a read cycle at failure;

E is TRUE if
and
F is TRUE if

there is an input control failure;

there is an output control failure.
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8. In a digital test environment having means for
providing external real-time signal stimulus to a plurality
of identical programmed systems including at least a
reference system and one system under test (test system),
each said reference system and test system having data and
control bus means, a microprocessor-type central processing
unit and subsystems coupled to said bus means, said
environment further having means adapted to be coupled
directly to data and control signal bus means of said test
system for monitoring bus signals and means for comparing
the bus signals of said reference system with the bus
signals of said test system, and means for storing the
signal response of said test system, 2a method for locating
faults in said test system under test comprising:

a) exercising each one of said systems
synchronously;

b) comparing in real time the bus signals of said
reference system with said test system;

c) terminating said exercising after a
predetermined number of designated indications of non-
coincidence of any corresponding bus signals; and

d) identifying a channel originating the non=
coincidence by reference to bus address, data and status
signals at the occurrence of said designated non-coincidence
by preserving the state of bus signals extant on said bus
means of said test system at the occurrence of said
terminating step, and distinguishing between failures
occurring in said central processing unit and at least one

of said bus-coupled subsystems.
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9. A method according to claim 8 wherein said

preserving step is characterized by:

collecting central processing unit stat
information, and system state failure and stuck i
respecting address, data and control signals; and

wherein said distinguishing step is cha
by:

determining if said central processing
operating in a direct memory access cycle, and if
designating a bus-coupled subsystem failure, and

determining if said non-coincidence occC
said data signals, control signals or address sig

if said non-coincidence occurred in sai
signals, designating a central processing unit fa

if said non-coincidence occurred in sai
signals, determining whether said control signals
coincidence is an input control signal failure or
control signal failure;

if an‘input control signal failure occu
designating a bus-coupled subsystem failure, and
output control signal failure occurred, designati
central processing unit failure;

if said non-coincidence occurred in sai

us

nformation

racterized

unit is
S0,
if not;
urred in
nals;
d address
ilure;
d control
non-
an output

rred,
if an

ng a

d data

signals, determining whethexr said data signals non-

coincidence occurred in a write cycle, and if so
a central processing unit failure, but if not, de
bus-coupled subsystem failure.

10. A method according to claim 9 furth
including the step of identifying the bus-coupled
by examining a memory map of said program memory
and comparing said memory map with a current prog
address, said subsystem identifying step occurrin
designating of a bus-coupled subsystem failure.

designating

signating a

er

subsystem
subsystem
ram
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CLirI
L., WIFO
GIFHEY



PCT/US79/00550

WO 81/00475

176

o1’/

2l
p A
e
|
“
P 91907 /1 AHOWIW Ndo
_
| ~ v
. 7 y,
b2y 2 22 : 0z } 92 8’ oe]
b e e} SO® T
— og/
yaLsal
]
STVYIHJIYId
NOWWOJ Oy
mem
N\ T T T S -
! |
bt 2¢ 92/ oe~ Yog| !
! b2 |
I |
| o/ AYOWIW ndo !
m_l\“r 22 02~ CIES “
T T T T T T T T T T T T T T T T T T e e e e e e e e aead
Y
bl




WO 81/00475 PCT/US79/00550

2/6
[ ]
14 : 52 } 70
|  IREFERENCE I 40 BUFFER
1 CABLE ‘ - —
. : BUFFER :
5 By __c19 | 3g
|
aa { 73
IIITIIIIIIT | }
32/ 30 , |
} |
I I
' :
|
16 : | | 75
|
COMMON ; [
PERIPHERALS | |
l I
[
i : = : 66 68
} TEST | 40 | |[PERSONALITY ||BUFFER
: éﬁggg; o - B
26 I LOGIC
| 56 ' ] (77
} { 79
| 54 | 102
32 1 I
12~ [TITITITIITT] | |
| ! ! 10
o —28 ! ]
2 |CLK ! {SHORTS TEST DATA
| 'SHORTS TEST CLOCK
191 ’{:Efiz l i
151 18+—CPU} [ i
SOCKET T2 ! :
; |RESET
! |
46 ' I I
/ | 1
! J ! .
TEST ENVIRONMENT | 48 ; 10
|
| |
| l
l !
FIG. 2A.|FIG.28. FIG_2A.

FIG._2C




WO 81/00475 PCT/US79/00550

3/6
72
/48 13 FAIL_INDICATION /80
x ~—=ADR IN |
[3 A | STATE . /88
stRoBE| SiSTuck 92 _
STROBE HLFAILURES 96
l 102
74
6 FAIL INDICATION| /82
~—={DATA IN :
6 - LLSTATE , .88 -
TR‘OBE DATA IN Al sTuck [ o -
3 - g FAILURES 98
1 102 i
76
6 FAIL INDICATION /84
~—=CTRL IN
(48 16 L|STATE . 90
‘ sTROBE | - N flsTuck . (96
STROBE CIFAILURES £100
— r102 z 108 HO6 (104
v3)
-
_CPU_STATUS
W CENTRAL CONTROLLER
——  PROBE N
————|COMPARATOR
KIOZ ‘ Teo
~ 62 2
CONTROL DISPLAY/
SWITCHES OUTPUT
FIG._2B.

BURE47 U™
P OoMp1 Y
. \‘ ipo




WO 81/00475 PCT/US79/00550

4/6

BUS DIAGNOSTIC ALGORITHM

200

ADDRESS
FAILURE?

YES -

CONTROL
SIGNAL
FAILURE?

DATA
FAILURE?

(218 1 (202 1206
ERROR BUS COUPLED CPU /
, SHEDYSTEM FAILURE
DISPLAY DISPL AY DISPLAY
"ERROR" ADDR/DATA/STATUS  "CPU FAIL"
or or or
COUNT-AT-FAIL COUNT-AT-FAIL  COUNT-AT-FAIL
LOCATE WITH
MEMORY MAP

OR BY PROBING
CHIP ENABLES

FIG._3
[, _onm A
R Y
\\/I {- r\ "é\ le




WO 81/00475 PCT/US79/00550

SUBSYSTEM

5,6

DMA CYCLE (7

AT FAILURE
t~/BUS-COUPLED
ADDRESS FAILURE (B > SUBSYSTEM
B FAULT
\
DATA FAmURE<§> -—EE§>d IDENTIEY
AND B

READ CYCLE(D
AT FAILURE

INPUT CONTROL (g
SIGNAL FAILURE

OUTPUT CONTROL E
SIGNAL FAILURE

>0 JOR >

g
‘ CPU
>Jf AND FAULT

FIG._4.




PCT/US79/00550

WO 81/00475

676

TYNOIS
NOILO313S
3A0N

o ——————

__n..m_ 11111 > I J_
09 HITTOHLNOD OL| | Ob : “
A |1 | How |
“ avno 8.2 i
_ w v |
“ ) A |
sne Ol 3DNLS - _
“ i’ 94T oy ov |
o E ] |
| |
S ETRSLELY |
I ETE AN |
m = |
i ») |
|
| Ol 31VIS “2u2 Ov | ||
m |
NE “ 3 ) “
13 vy i “
— -
" \\ —
—|¥0L9373s 3808d M5 ! m: b !
JA0N ¥3LINNOOD | | 4 ! 01907
30 T o T vs [A06 -l ooz | ALITYNOSY3d
| e o] WOy
OmNg lllllllllllll J [ 1 Y1IND ob _ 0
. _ | "] | ~0L WOY4
0 ﬁll_h NI 43y
o Lo NI 1531
Tw 092 | \-89 WONi
o a— 3 _
S : $92 : _
— o — .ll.lcl.In.HlJ““““Ihul.uI“””Iul.lH”“”I.lllnl.“” ||||||||||||| I.ﬂnl..l..ll.l.ll_
MSYN IX3 = S _ 9L 'vL 2L
TN e————y _I7 !
o——pr I
|
|
|

y

BUREAp

OMPI
WIPO

-~ ) N
PRNATION




INTERNATIONAL SEARCH REPORT
International Application No PCT/US 79/00550

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 8

According to International Patent Classification (IPC) or to both National Classification and 1PC
INT. CL.* GO6F 11/00; GOIR 31/28
U.S. CL. 32L4/73R; 36L/200; 36L/900; 371/16; 371/68

Il. FIELDS SEARCHED

Minimum Documentation Searched +

Classification System [ Classification Symbols

235/302, 307; 32L/73R; 36L/200; 36L/900
U.s. 371/16, 68

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included In the Fields Searched

ill. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category * Citation of Document, 16 with indication, where appropriate, of the relevant passages 17 Relevant to Claim No. 18
A Us, A, L,001,818 published Ol January 1977, 1-10
Radichel et al.,
A US, A, L,0llj,2L); published 23 August 1977, 1-10
Foreman et al,
A Us, A, 4,045,661 published 30 August 1977, 1-10
Antoine et al, _
A Us, A, 4,066,883 published 03 January 1978, 1-10
Wheeler, Jr.
A Us, A, 4,097,797 published 27 June 1978, Finet. 1.-10
4 Us, A, 4,161,276 published 17 July 1979, Sacher et al. 1 = 10
ALE US, A, L,168,527 published 18 September 1979, 1-10
Winkler.,
A N, IBM Technical Disclosure Bulletin, issued 1-10
April 1978, Beaven and Monro, Microprocessor
Card Test, see pages L602 to L4605,

* Special categories of cited documents; 15

“A" document defining the general state of the art “P"” document published prior to the international filing date but

“E" earlier document but published on or after the internationat on or after the priority date claimed
" filing date i . “T" later document published on or after the international filing

“L" document cited for special reason other than those referred date or priority date and not in conflict with the application,
to in the other categories but cited to understand the principle or theory underlying

ugn N . - the invention

0" document referring to an oral disclosure, use, exhibition or X
other means “X" document of particular relevance

IV, CERTIFICATION

Date of the Actual Completion of the International Search ¢ Date of Mailing of this International Search Report 2

1), December 1979 08 JAN 1980

International Searching Authority 1 Sign of Au orizec@ﬁce ~
\)
ISA/1B bw—%ﬂ—

Charles E. Atkinscn

Form PCT/ISA/210 (second sheet) (October 1977)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

