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RELAY TEST SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to assessing conditions of
relays, and more particularly to systems and methods for
testing a relay set, such as a switch matrix.

[0003] 2. Description of the Related Art

[0004] A relay is an electrical switch that opens and closes
an electrically conductive path under the control of another
electrical circuit. Electromagnetic relays are generally sus-
ceptible to mechanical or electrical failures that can cause the
relay to operate unreliably. For example, a relay maybe stuck
in an opened or closed position, often referred to as a relay
that is stuck-open or stuck-closed. Products which integrate
the use of relays, such as electronic switch modules, are
generally susceptible to similar problems. In cases where the
relay contacts are exposed to outside signals, as is normally
the case in a switch module used with automated test equip-
ment, this problem can be further exacerbated because there
is no integrated circuitry to protect the relays without impact-
ing product performance. Accordingly, these types of prod-
ucts are susceptible to failure due to either extended normal
operation or abusive operation.

[0005] While a relay failure is often an expected circum-
stance of using these types of products, this occurrence is
nonetheless inconvenient. If a relay failure is undetected, the
failure can cause errors in operation and function of a corre-
sponding device, such as a switch. In the event of automated
test equipment, relay failures can cause mis-routing of signals
and invalid test results. Furthermore, due to the often high
density of relays in these types of switch modules, isolating a
failure once it occurs can be an even larger inconvenience. For
example, a user may spend a great deal of time testing opera-
tion of individual relays in an attempt to locate a failure, and
even after locating the failure a switch module may need to be
reconfigured to work around the failure. In some instances, a
routine may be executed in software to operate one or more
relays to locate a failure. Such routines, however, may not be
ableto identify or resolve the failure, may be time consuming,
and may be physically taxing on the switch and the relays
themselves as hundreds of repetitive iterations of cycling
relays may be performed in an attempt to isolate a failure to
one or more relays.

[0006] Accordingly, it is desirable to provide a relay mod-
ule test system and method to provide for efficient and accu-
rate testing and diagnosis of electronic devices that incorpo-
rate relays, such as electronic switch modules.

SUMMARY

[0007] Described herein are embodiments relating to a sys-
tem and method of integrated testing of relay/switch modules.
For example, in some embodiments, provided is a method of
testing a relay set. The method includes mapping arelay setto
an undirected graph indicative of a topology of the relay set.
The undirected graph includes vertices indicative of channels
of'the relay set and edges indicative of relays of the relay set,
where edges extend between corresponding vertices. The
method also includes storing values corresponding to the
edges of the undirected graph, where the assigned value for
each edge is based on a characteristic of a relay of the relay set
that corresponds to the respective edge. The method further
includes identifying a plurality of candidate test paths for a
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relay-to-test. Each of the plurality of candidate test paths
connects a first input/output (I/O) channel and a second /O
channel, and includes the relay-to-test. The method also
includes determining a total value for each of the candidate
test paths, including totaling the values for the edges of the
given one of the candidate test paths. The method further
includes comparing the total values for each of the candidate
test paths to one another and determining a test path for the
relay-to-test based on the comparison of the total values for
each of the candidate test paths to one another.

[0008] Insome embodiments, provided is a non-transitory
computer readable storage medium comprising program
instructions stored thereon, wherein the program instructions
are executable to cause a computer system to perform a
method of testing a relay set. The method includes mapping a
relay set to an undirected graph indicative of a topology of the
relay set. The undirected graph includes vertices indicative of
channels of the relay set and edges indicative of relays of the
relay set, where edges extend between corresponding verti-
ces. The method also includes assigning values to edges of the
undirected graph, where the assigned value for each edge is
based on a characteristic of a relay of the relay set that corre-
sponds to the respective edge. The method further includes
identifying a plurality of candidate test paths for a relay-to-
test. Each of the plurality of candidate test paths connects a
first input/output (I/0) channel and a second I/O channel, and
includes the relay-to-test. The method also includes deter-
mining a total value for each of the candidate test paths,
including totaling the values for the edges of the given one of
the candidate test paths. The method further includes com-
paring the total values for each of the candidate test paths to
one another and determining a test path for the relay-to-test
based on the comparison of the total values for each of the
candidate test paths to one another.

[0009] In some embodiments, provided is a system that
includes a computer system that maps a relay set to an undi-
rected graph indicative of a topology of the relay set. The
undirected graph includes vertices indicative of channels of
the relay set and edges indicative of relays of the relay set,
where edges extend between corresponding vertices. The
computer system also assigns values to edges of the undi-
rected graph, where the assigned value for each edge is based
on a characteristic of a relay of the relay set that corresponds
to the respective edge. The computer system also identifies a
plurality of candidate test paths for a relay-to-test. Each of the
plurality of candidate test paths connects a first input/output
(I/0) channel and a second I/O channel, and includes the
relay-to-test. The computer system also determines a total
value for each of the candidate test paths, including totaling
the values for the edges of the given one of the candidate test
paths. The computer system also compares the total values for
each of' the candidate test paths to one another and determin-
ing a test path for the relay-to-test based on the comparison of
the total values for each of the candidate test paths to one
another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A better understanding of the present invention can
be obtained when the following detailed description of the
preferred embodiment is considered in conjunction with the
following drawings, in which:

[0011] FIG. 1A is a diagram that illustrates an exemplary
switch relay matrix in accordance with one or more embodi-
ments of the present technique;
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[0012] FIG. 1B is a diagram that illustrates an exemplary
graphical model of the exemplary switch relay matrix of FIG.
1A in accordance with one or more embodiments of the
present technique;

[0013] FIGS. 2A-2C are diagrams that illustrate exemplary
graphical models of the exemplary switch relay matrix of
FIG. 1A having modifications that reflect relay conditions in
accordance with one or more embodiments of the present
technique;

[0014] FIGS. 3A-3C illustrate exemplary relay tables in
accordance with one or more embodiments of the present
technique;

[0015] FIGS.4A-4D are diagrams that illustrate exemplary
paths within the graphical models of the exemplary switch
relay matrix in accordance with one or more embodiments of
the present technique;

[0016] FIG. 5 is a flowchart that illustrates a method of
implementing knowledge units in accordance with one or
more embodiments of the present technique;

[0017] FIG. 6 is a flowchart that illustrates a method of
testing a relay/switch matrix in accordance with one or more
embodiments of the present technique;

[0018] FIG. 7A is a flowchart that illustrates a method of
executing path-mode testing in accordance with one or more
embodiments of the present technique;

[0019] FIG. 7B is a flowchart that illustrates a method of
executing S-T Cut mode testing in accordance with one or
more embodiments of the present technique;

[0020] FIGS. 8A and 8B are flowcharts that illustrate meth-
ods of testing merged relays in accordance with one or more
embodiments of the present technique; and

[0021] FIG.9 is diagram of an exemplary computer system
in accordance with one or more embodiments of the present
technique.

[0022] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments thereof
are shown by way of example in the drawings and will herein
be described in detail. It should be understood, however, that
the drawings and detailed description thereto are not intended
to limit the invention to the particular form disclosed, but on
the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the present invention as defined by the appended
claims. It is noted that the word “may” is used throughout this
application in a permissive sense (e.g., having the potential to,
being able to), not a mandatory sense (e.g., must).

DETAILED DESCRIPTION

[0023] In the following description, numerous specific
details are set forth to provide a thorough understanding of
embodiments of the present invention. However, one having
ordinary skill in the art should recognize that the invention
may be practiced without these specific details. In some
instances, well-known circuits, structures, and techniques
have not been shown in detail to avoid obscuring the present
invention.

[0024] As discussed in more detail below, certain embodi-
ments include systems and methods relating to testing of a
relay set in a matrix (e.g., a switch matrix), multiplexer, or
other topology. In some embodiments, an undirected-
weighted graph is employed to model a switch/relay matrix.
In certain embodiments, a model including an undirected-
weighted graph is employed by an algorithm to determine the
condition of relays within the switch/relay matrix (e.g.,
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operational, stuck-open, stuck-closed, or unknown). In some
embodiments, an undirected-weighted graph is modified to
reflect the condition of relays within the switch/relay matrix.
In certain embodiments, stuck-open relays may be repre-
sented by eliminating paths (edges) between their respective
vertices within an undirected-weighted graph. In some
embodiments, stuck-closed relays may be represented by
merging their respective vertices and corresponding edges
within an undirected-weighted graph. In certain embodi-
ments, an undirected-weighted graph is used to assess how to
implement testing of particular relays. In certain embodi-
ments, paths for testing one or more relays are determined
based on a value associated with the path (e.g., a “cost” of
using the path). In some embodiments, multiple paths are
assessed for a relay-to-test, and a particular path is selected
over other potential paths (e.g., candidate paths) based on a
comparison of cost associated with each of the paths. In
certain embodiments, testing relays includes testing relays in
one or both of a path-mode or an S-T Cut mode. In some
embodiments, testing relays includes acquiring information
about one or more relays and storing that information (e.g., in
knowledge units) for resolving relay conditions based on later
acquired information. In certain embodiments, a test
sequence includes a series of iterations that progress through
some or all of the relays of a switch/relay matrix in an attempt
to resolve a condition for some or all of the relays.

[0025] FIG. 1A is a diagram that illustrates an exemplary
switch/relay matrix (“matrix”) 100 in accordance with one or
more embodiments of the present technique. Matrix 100 may
be representative of the topology of a switch used to provide
a connection between a plurality of inputs and outputs. In
some embodiments, matrix 100 includes a plurality of rows
and columns that may be connected to one another to enable
inputs and outputs to be electrically coupled (e.g., connected)
to one another to provide a conductive path there through. For
example, in the illustrated embodiment, matrix 100 includes
a 4x4 matrix including four rows (r0-r3) and four columns
(c0-c3). Any of the rows (r0-r3) may be connected to any of
the columns (c0-c3) via relays (e.g., switches) 102a-p located
atan intersection of each row (r0-r3) and column (c0-c3). The
rows and columns may be referred to as channels of matrix
100. Although matrix 100 may be illustrated as a 4x4 matrix
in an attempt to simplity the discussion provided herein, it
will be appreciated that matrix 100 may include any number
of'rows and columns to generate a matrix of any size. When a
given relay 102a-p is closed, the respective row is connected
to the respective column. For example, in the illustrated
embodiment, closing the labeled relay 102a may connect row
r0 to column c0.

[0026] Insomeembodiments, input/output (I/O) paths may
provide for the routing of signals into and out of matrix 100.
For example, in the illustrated embodiment, input/output
(I/O) paths ab0-ab3 is connected to rows r0-r3 respectively.
1/O paths ab0-ab3 may enable an input signal to be provided
into matrix 100 on one row and a corresponding output signal
to exit matrix 100 at another row. In some embodiment, one or
more [/O relays are used to connect or disconnect an I/O path
to a portion of matrix 100. For example, in the illustrated
embodiment, [/O relays 104a-d are provided between 1/O
paths ab0-ab3 and corresponding rows r0-r3. During opera-
tion, I/O relays may be individually operated to control con-
nection of I/O paths ab0-ab3 to rows r0-r3 of matrix 100. In
some embodiments, ab0 includes a source vertex coupled to a
first channel of a path detection circuit, and output at abl



US 2011/0316544 Al

includes a destination vertex coupled to a second channel of
the path detection circuit. In some embodiments, during test-
ing two or more [/O paths (e.g., other than a source and
destination coupled to the path detection circuit) are con-
nected via one or more resistors. For example, in the illus-
trated embodiment, /O paths ab2 and ab3 may be connected
via a resistor 106 while a signal is provided on I/O paths ab0
and abl.

[0027] To connect a given input/output (I/O) path to
another I/O path, two or more relays may be closed to provide
a contiguous path between the respective /O paths. For
example, in the illustrated embodiment, to connect an input at
path ab0 to an output at ab1, /O relays 104a and 1045 may be
closed, as well as relays 102a¢ and 102¢. In some embodi-
ments, alternate paths may be taken to connect two or more
1/0O lines. Such an alternate path may be implemented to
bypass relays that are not functioning properly or to provide
for testing of a particular relay, as discussed below. For
example, where relay 102a is stuck-open (such that it can not
connect column c0 to row r0), to connect an input at path ab0
to an output at abl, I/O relays 104a and 1045 may be closed,
as well as relays 1025 and 102/

[0028] FIG. 1B is a diagram that illustrates an exemplary
graphical model (“graph”) 110 of matrix 100 of FIG. 1A in
accordance with one or more embodiments of the present
technique. In the illustrated embodiment, each of the paths of
matrix 100 is represented by a vertex (or node), and each relay
is represented by an edge (or line) connecting respective
vertices. For example, vertices r0-r3 may represent rows
r0-r3, vertices c0-c3 may represent columns c0-c3, and ver-
tices ab0-ab3 may represent I/O paths ab0-ab3, respectively.
The edges that extend between each of the respective vertices
r0-r3, c0-c3, and ab0-ab3 may represent one or more of relays
102a-102p and /O relays 104a-104d. For example, in the
illustrated embodiment, the edge extending between vertex r0
and vertex c0 may be representative of relay 102a. As dis-
cussed above when a relay is closed, it may provide a con-
nection between the two respective vertices. For example,
closing relay 102a may connect paths r0 and c0 and opening
relay 102¢ may provide an electrical disconnect between
paths r0 and c0. Similar conditions may be represented by
each of the vertices and edges of graph 100.

[0029] In some embodiments, graph 110 may include an
undirected graph. In some embodiments, the undirected
graph may include no distinction between the two vertices
associated with each edge. In some embodiments, the undi-
rected graph may include no weighting assigned to the edges
of'the graph. A path within a graph may include a sequence of
vertices having an edge that connects each vertex to the next
vertex in the sequence. For example, a path may extend from
ab0 to r0 to c1 to rl to abl. A path through a graph may be
infinite, but a finite path always has end or terminal vertices
that include a first vertex (e.g., a start vertex) and a last vertex
(e.g., an end vertex). In the above example, vertices ab0 and
abl may be end vertices. Vertices in the path, other than end
vertices, are internal vertices. In the above example, vertices
r0, c1 and r1 may be internal vertices. A path with no repeated
vertices is referred to as a simple path. The above example,
including ab0 to r0 to c1 to rl to abl may be a simple path.
[0030] In some embodiments, a relay condition may be
determined (“solved”) as functioning properly and, thus, may
be identified as a having “pass” condition. For example,
where testing determines that a relay is able to both open and
close in response to an appropriate command, the relay may
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be labeled as “pass”. In some embodiment, a relay condition
may be solved as being stuck in the opened position (e.g., the
relay is unable to connect the two corresponding paths/verti-
ces) and, thus, may be identified as being in a “stuck-open”
condition. For example, where testing determines that a relay
is provided in an opened state and does not switch to the
closed state in response to an appropriate command to close,
the relay may be labeled as “stuck-open”. In some embodi-
ment, a relay condition may be solved as being stuck in the
closed position (e.g., the relay connects the two correspond-
ing paths/vertices, and does not disconnect the two corre-
sponding paths/vertices) and, thus, may be identified as hav-
ing a “stuck-closed” condition. For example, where testing
determines that a relay is provided in a closed state and does
not switch to the opened state in response to an appropriate
command, the relay may be labeled as “stuck-closed”. In
some embodiments, a relay condition may not be solved, and
may be labeled as “unknown”. For example, a relay condition
may be unknown where multiple relays have failed in close
proximity to one another and it is impossible to determine the
individual states of the respective relays.

[0031] Graph 110 may be used to find the condition of
(“solve”) some or all of the relays of an associated switch/
matrix 100. In some embodiments, graph 110 may be modi-
fied to reflect conditions of relays as they are determined. For
example, where a relay is solved as “stuck-open”, the corre-
sponding edge maybe removed from graph 110. Where a
relay is solved as “stuck-closed”, the corresponding vertices
may be merged into a single vertex, and any edges that are
now parallel (connect to the same two vertices) as a result of
merging the vertices are merged into a single edge. For
example, where an edge “kXY” connects vertices “X” and
“Y”, upon determining that a relay corresponding to “kXY”is
stuck-closed, edge “kXY” may be removed from the graph,
vertex “X|Y” is created, all edges connecting to vertices “X”
and “Y” are redirected/connected to vertex “X|Y”, vertices
“X” and “Y” are removed from the graph, and where there are
multiple edges connecting the same vertices, the edges are
“merged” into a single edge between the two vertices.
Removal of the edge may be representative of the inability of
the stuck-open relay to provide a connection between the two
respective vertices. Combining the vertices may be indicative
of' the inability of the stuck-closed relay to provide a discon-
nect between the two vertices of the relay.

[0032] Insomeembodiments, having relays that are stuck-
closed may result in other relays being parallel, which if
operated simultaneously effectively act as one relay, hereafter
referred to a merged relays. For example, where a row has two
stuck-closed relays connected thereto, the two respective col-
umns also connected to the two relays are effectively con-
nected to one another. Thus, operating a relay coupling one of
the columns to another row may also couple the other column
to the other row also. Thus, the relays connected to each of the
columns may be merged such that closing a relay between a
one column and row couples both columns to the rows, mak-
ing it difficult to determine whether one or both of the relays
that connect the columns to the rows are stuck-closed. As
discussed in more detail below, additional processing may be
conducted to identify the conditions of each of the relays of a
set of merged relays.

[0033] FIGS. 2A-2C are diagrams that illustrate graphs
110a-110c¢ having modifications that reflect relay conditions
in accordance with one or more embodiments of the present
technique. In some embodiments, FIGS. 2A-2C may be
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indicative of the dynamic updates/modifications to graph 110
during execution of a testing routine that progressively deter-
mines conditions of relays of matrix 100. For example, graphs
110 may represent an initial set of conditions and graphs
110a-110c may be indicative of changes to graph 110 as relay
102a is determined as stuck-open, relay 102p is subsequently
determined as stuck-closed, and relay 1020 is subsequently
determined as stuck-closed.

[0034] InFIG.2A, graph 110qa has been modified from that
ot 110 to reflect relay 1024 being determined as stuck-open
such that it cannot provide a connection between row r0 and
column c0 (see FIG. 1A). Accordingly, the corresponding
edge between corresponding vertices r0 and c0 has been
removed from graph 110a. In FIG. 2B, graph 1105 has been
modified from that 0 110a to further reflect relay 102p being
determined as stuck-closed such that it cannot provide a dis-
connect between row r3 and column c¢3 (see FIG. 1A).
Accordingly, the corresponding vertices r3 and ¢3 of graph
1105 have been merged into a single vertex r31c3. In FIG. 2C,
graph 110c¢ has been modified from that of 1105 to further
reflect relay 1020 being determined as stuck-closed such that
it cannot provide a disconnect between row r3 and column c3
(see FIG. 1A). Accordingly, the corresponding vertices c2
and r31c3 of graph 1105 have been merged into a single vertex
r3ic3lc2. The edges that have become parallel due to the
creation of vertex r3lc3Ic2 will be treated as merged relays.
Relays 102¢ and 102d, 102g and 102/, and 102% and 102/
may be merged relays. That is connecting one of the relays to
the respective row also connects both columns ¢2 and ¢3 to
the respective row.

[0035] A condition of each of the relays may be stored in a
relay table. In some embodiments, a relay table may include
an identifier for some or all of the relays of the matrix and
some of all of the corresponding conditions of the relays. For
example, FIGS. 3A-3C illustrate relay tables 120a-120c¢ in
accordance with one or more embodiments of the present
technique. FIG. 3A illustrates a relay table 120a that reflects
the conditions of relays of matrix 100 that are depicted in FIG.
2A. For example, relay 102a has a condition of “Stuck-open”,
while the other relays condition remains “Untested”. The
large number of untested relays may be indicative of early
iterations of a testing routine that has not yet tested many
relays. FIG. 3B illustrates a relay table 1206 that reflects the
conditions of relays of matrix 100 depicted in FIG. 2B. For
example, relay 102a has a condition of “Stuck-open” and
relay 102p has a condition of “Stuck-closed”, while some
relays have a condition of “Pass”, “Untested”, or “Unknown”.
The status of unknown may indicate that the relay has been
tested but the condition could not be determined. In some
embodiments, the terms unresolved and unsolved may refer
to relays that are untested or unknown (e.g., that a condition of
passed, stuck-open or stuck-closed has not be determined
for). The increase in the number of passing relays and lower
number of untested relays may be indicative of later iterations
of a testing routine that has tested many relays. FIG. 3C
illustrates a relay table 120c¢ that reflects the conditions of
relays depicted in FIG. 2C. For example, relay 102a has a
condition of “Stuck-open”, relay 102p has a status of “Stuck-
closed”, and relay 1020 has a condition “Stuck-closed”, while
some relays have a condition of “Pass™ and other relays con-
dition remains “Untested”. The lower number of untested
relays may be indicative of later/final iterations of a testing
routine that has tested substantially all relays of matrix 100.
Note, relay 102% has a condition change from “Unknown” to
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“Pass”, which may be indicative of subsequent testing allow-
ing the status of relay 102# to be resolved (e.g., using knowl-
edge units as described in more detail below with regard to
FIG. 5).

[0036] The condition of a relay may be determined by
identifying a relay-to-test, identifying one or more test paths
within the matrix to use in accessing the relay-to-test, apply-
ing the determined path, and operating one or more of the
relays within the path to determine a state of the relay-to-test
(e.g., now the relay-under-test) and/or other relays within the
path. Such a technique may be referred to as path-mode
testing. In some embodiments, test paths used to implement
path-mode testing may include simple paths that extend from
a start vertex (e.g., input ab0) to an end vertex (e.g., output
abl), as discussed above.

[0037] In some embodiments, a relay-to-test may be
selected at random from one of the untested and/or unknown
relays. In some embodiments, a relay-to-test may be selected
by progressing down the relay table (e.g., relay tables 120a-
120c¢) and selecting the next unsolved relay (e.g., the next
relay having a condition of untested and/or unknown). In
some embodiments, a graph (e.g., graphs 110-110¢) may be
used to identify one or more test paths for the testing of one or
more relays (e.g., including the relay-to-test). For example,
candidate test paths may only follow edges within a graph. In
some embodiments, a test path is broken into two segments,
or sub-paths: a sub-path from a source (e.g., input at ab0) to an
input vertex of the relay-to-test, and a sub-path from a second
vertex of the relay-to-test to a destination (e.g., output at ab1).
In some embodiments, multiple potential (e.g., candidate)
sub-paths are identified and concatenated to identify candi-
date test paths, a cost (e.g., a total distance) of each the test
paths is calculated, the path with the lowest cost is determined
and returned for use in testing. In some embodiments, Dijk-
stra’s algorithm may be used to identify/calculate the sub-
paths.

[0038] FIGS. 4A-4D are diagrams that illustrate graphs
1104-110/ that reflect conditions of relay 1024-102p in
accordance with one or more embodiments of the present
technique. In some embodiments, graphs 1104-110e reflect
conditions similar to that of graph 110 of FIG. 1B. Thus,
graphs 1104-110e may reflect a graph before the conditions
of'one or more of the relays have been identified as stuck-open
or stuck-closed. For example, all relays 1024-102p may be
identified as untested or passed, and thus all edges may be
available for use within test paths and test sub-paths. In the
illustrated embodiment, relay 1024 may be identified as the
relay-under-test, as indicated by the bold edge between ver-
tices r2 and c2. In preparation for testing relay 102%, one or
more test paths to and from vertices r2 and c2 of relay 102%
may be determined. For example, in FIG. 4B, a test sub-path
130a from ab0 to r0 to c0 to r2 may be identified as an input
test sub-path, and a test sub-path 1324 from c2 to rl to abl
may be identified as an output test sub-path. Test sub-paths
130a and 132¢ and the relay-to-test may be collectively
referred to as test path 134q. It is noted that test sub-paths
130a and 1324 are provided only on the available edges of the
graph. For example, if graph 11056 of FIG. 2B were used to
determine test paths for testing relay 102k at vertices r2 and c2
a test path from ab0 to r0 to c1 to r2 may be identified as an
input test path, due to relay 1024 being stuck-open and, there-
fore unable to connect vertices r0 and c0 as indicated by the
removal of the edge between the vertices r0 and c0.
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[0039] During testing, sub-path 130a may be implemented
by closing relays 104a, 1024, and 102/, and sub-path 1324
may be implemented by closing relays 1045 and 102g. Thus,
if all relays in sub-paths 130a and 1324 are operational (e.g.,
in the pass condition) or failed as stuck-closed, the condition
of relay 102% (e.g., the relay-under-test) may be assessed by
opening and closing relay 102%. If, for example, a contiguous
path is detected at the input ab0 and the output ab1 when relay
102% is commanded closed and a disconnect in the path is
detected at the input ab0 and the output ab1 when relay 1024
is commanded opened, then relay 1024 may be determined to
be operational (e.g., in the pass condition). Where a contigu-
ous path is detected at input ab0 and the output ab1 when relay
102k is commanded closed or opened, relay 102k may be
determined to have a stuck-closed condition (e.g., failure) if
all of the unknown relays that are not in the path would not
create a path between ab0 and abl when assumed stuck-
closed, and the corresponding relay table may be updated
accordingly. Note, other relays in the paths 130a and 132«
may also be stuck-closed, and further testing may be required
to make such a determination, as discussed in more detail
below with regard to FIGS. 7A-8B. Where a disconnect is
detected at input ab0 and the output abl when relay 102« is
commanded closed or opened, relay 1024 may be determined
to have a stuck-closed failure if all of the other relays in the
path have been determined as operational (e.g., in the pass
condition) or having a stuck-closed condition, and the corre-
sponding relay table may be updated accordingly. Note,
where the condition of one or more other relays in the path are
unsolved (e.g., untested or unknown), other relays in the path
may also have stuck-open failures, and further testing may be
needed to make such a determination whether or not relay
102% is stuck-open and/or one or more other relays in the test
paths 1304 and 1324 have stuck-open failures, as discussed in
more detail below with regard to FIGS. 7A-8B.

[0040] Insomeembodiments, test paths may be determined
based on a value for one or more of the candidate test paths.
For example, various portions (e.g., edges) of graph may be
assigned a value, the combined value for a given candidate
path (e.g., the combined value of the edges of a given path)
may be calculated, the total value compared to total values for
other candidate test paths, and one of the candidate paths may
be selected over the others based on the comparison of the
combined value for the candidate paths. In some embodi-
ments, the value may be referred to as a “cost” or “weight”. It
will be appreciated that although the exemplary embodiments
refer to a cost and selecting a path having the lowest/minimal
cost, comparing combined values of candidate paths may be
implemented using similar techniques for comparing value
associated with paths (e.g., maximizing a cost) that are
intended to fall within the scope of the technique described
herein.

[0041] In some embodiments, each edge of the current
graph may be assigned a cost value. For example, in graph
110 of FIG. 1B, each of the edges between vertices rl-r3,
c0-c3, ab0, ab1, and ab2|ab3 may be assigned a cost value. In
some embodiments, a cost value is assigned to an edge based
on one or more characteristics (e.g., a condition) presently
associated with the corresponding relay. The characteristics
may be intrinsic to a given relay or may be dynamically
updated/modified during execution of a testing routine. For
example, edges corresponding to untested relays may be
assigned a low cost, edges corresponding to unknown relays
may be assigned a high cost, and edges corresponding to pass
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relays may be assigned an intermediate cost. Thus, selecting
candidate paths with an overall lower cost than other candi-
date path may help to steer path finding toward test paths
having untested relays and to avoid test paths including
unknown relays that can be problematic is assessing and
determining the condition of relays in the respective test path.
In some embodiments, other factors may contribute to the
cost of an edge to further steer the test paths to use or not use
particular relays. For example, the number of times a relay
has already been used in test paths and/or the number of times
a relay has been cycled (e.g., opened or closed) may be used
as a factor to determine a cost for a particular edge/relay. In
some embodiment, for instance, a high number of uses for an
edge/relay may increase the corresponding cost, wherein a
low number of uses for an edge/relay may reduce the corre-
sponding cost. Such an embodiment may help to spread out
relay usage during testing, thereby helping to even-out the
physical wear across the relays. In some embodiments, a
higher cost may be associated with solved relays/edges than
untested and/or unsolved relays/edges to promote the use of
untested/unsolved relays within test paths. In some embodi-
ments, a relay/edge that appears in a greater number of knowl-
edge units (discussed in greater detail below with regard to
FIG. 5) may be assigned a lower cost than a relay/edge that
appears in a fewer number of knowledge units, such that the
relay/edge that appears in a greater number of knowledge
units may be targeted for being solved more quickly by being
more likely to be included in test paths. In some embodi-
ments, a higher cost may be associated with relays/edges that
need to be flipped between states (e.g. between opened and
closed) than relays/edges that do not need to be flipped
between states to provide the test path. Thus, relay cycles may
be reduced to reduce wear on the relays. In some embodi-
ments, flipping of a relay state may only be a factor for a
solved relay/edge as unsolved relays/edges may need to be
flipped during testing as discussed in more detail below. In
some embodiments a combination of characteristics may be
considered. For example, a cost may be based on a combina-
tion of a current condition of the relay and the number of
times a relay has been cycled (e.g., closed).

[0042] Candidate test paths may be identified by assessing
multiple sub-paths that may connect an input to an output
while passing through the relay-to-test. In some embodi-
ments, multiple sub-paths may be compared that extend from
an input to a first/input vertex of an edge corresponding to the
relay-to-test (e.g., the edge to test), and/or multiple paths may
be compared that extend from an output to a second/output
vertex of an edge corresponding to the relay-to-test. In some
embodiments, candidate test sub-paths from an input and
output that terminate at opposite vertices of the relay/edge
under test, respectively, may be considered. In some embodi-
ments, in order to avoid sub-paths extending through the same
vertex of a graph, vertices already used in a first sub-path
(e.g., an input/output sub-path) are removed such that they
can not be used in generating the corresponding second sub-
path (e.g., an output/input sub-path). Thus, the resulting test
path may remain a simple path. As described above, in some
embodiments, Dijkstra’s algorithm may be used to identify/
calculate the sub-paths. FIGS. 4B-4D may illustrate a plural-
ity of candidate test paths having costs that can be compared
to one another to determine a test path for use in testing the
relay-to-test (e.g., relay 102k). For example, in FIG. 4B a first
candidate test path 1344 may include test sub-path 130a from
ab0 (e.g., source) to r0 to c0 to r2 (e.g., a first input test
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sub-path), and a test sub-path 132a from c2 to rl to ab1 (e.g.,
destination) (e.g., a first output test sub-path), in FIG. 4C a
second candidate test path 1345 may include test sub-path
1306 from ab0 to r0 to c2 (e.g., a second input test path), and
a test sub-path 1325 from r2 to c0 to r1 to abl (e.g., a second
output test path), and in FIG. 4D a third candidate test path
134¢ may include test sub-path 130¢ from ab0 tor0 to c2 (e.g.,
a third input test path), and a test sub-path 132¢ from r2 to c1
to rl to abl (e.g., a third output test path). A cost for each of
the edges may be calculated for each of the edges in candidate
test paths 134q, 1345 and 134c¢, a total costs may be calculated
for each of candidate test paths 134a, 1345 and 134c¢ (e.g., by
totaling the edge costs for each of the test paths 134a, 1345
and 134c), the total cost for each of candidate test paths 1344,
1345 and 134¢ may be compared to determine which of
candidate test paths 1344, 1345 and 134c¢ has the lowest total
cost, and the candidate test path determined to have the lowest
cost may be implemented as the test path for testing the
condition of the relay/edge to test, as discussed in more detail
below.

[0043] The condition of a relay may be determined by
identifying a relay-to-test, identifying partitions of the graph
that exists at each vertex of the relay-to-test, identifying a set
of relays/edges that when opened breaks the graph into two
disjointed sub-graphs where one of the sub-graphs includes a
source vertex (e.g., input at ab0) and the other of the sub-
graphincludes a destination vertex (e.g., output at abl), open-
ing the identified set of relays, and cycling the relay-under-
test to determine a condition of the relay-under-test. Such a
technique may be referred to as S-T Cut mode testing.

[0044] Insome embodiments, during testing, all relays of'a
switch (e.g., 102a-102p of matrix 100) are closed, except for
those relays included in an S-T Cut set (e.g., a set of relays/
edges that when opened breaks the graph into two disjointed
sub-graphs where one of the sub-graphs includes a source
vertex (e.g., input at ab0) and the other of the sub-graph
includes a destination vertex (e.g., output at abl)). For
example, implementing an S-T Cut mode test may include:
finding the path that goes through the relay-to-test, where the
source and destination vertices include two channels con-
nected to a path detection circuit (e.g., input at ab0 and output
abl), dividing the full graph into two sets separated by verti-
ces ofan S-T Cutset (e.g., where all vertices not in the S-T Cut
set are to be closed during testing), closing all of the relays
exceptthose in the S-T Cut set, and cycling the relay-to-testto
determine the condition of the relay-to-test. It is noted that
closing a large number of relays (e.g. non-latching relays)
may require great amount of power as each relay may require
a given amount of power to close.

[0045] In some embodiments, a reduced set of relays to
close during an S-T Cut test operation is determined, and only
those relays of the reduced set may be closed during the S-T
Cut test to reduce power consumption and wear on relays that
do not necessarily need to be closed. In some embodiments,
the set of relays to be closed during the S-T Cut test may be
determined based on a minimum spanning forest for dis-
joined graphs, using Kruskal’s algorithm. Given a connected,
undirected graph, a spanning tree of that graph is a sub graph
which is a tree and connects all the vertices together. A single
graph can have many different spanning trees. Any undirected
graph (not necessarily connected) has a minimum spanning
forest, which is a union of minimum spanning trees for its
connected components. In some embodiments, implement-
ing an S-T Cut mode test may include: finding the path that
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goes through the relay-to-test, where the source and destina-
tion vertices include two channels connected to a path detec-
tion circuit (e.g., input at ab0 and output ab1), dividing the full
graph into two sets (e.g., sub graphs) separated by vertices of
an S-T Cut set (e.g., where all vertices not in the S-T Cut set
are to be closed during testing), removing all of the edges in
the graph corresponding to the S-T Cut set, calculating a
minimum spanning forest for the disjointed sub graphs, iden-
tifying relays that correspond to the minimum spanning for-
est, closing all of the relays identified as corresponding to the
minimum spanning forest (e.g., opening the other relays not
contained in the minimum spanning forest), and cycling the
relay-to-test to determine the condition of the relay-to-test.
[0046] The state of a relay may be determined by imple-
menting the S-T Cut mode test. For example, where relay
102 is the relay-under-test, and a contiguous path is detected
at the input ab0 and the output ab1 when relay 102% is com-
manded closed and a disconnect in the path is detected at the
input ab0 and the output abl when relay 102% is commanded
opened, then relay 1024 may be determined to be operational
(e.g., in the pass condition). Where a contiguous path is
detected at input ab0 and the output abl when relay 102% is
commanded closed or opened, it may be determined that at
least one of relay 102% and the relays in the S-T Cut has a
stuck-closed failure, and the corresponding relay table may
be updated accordingly. Note that further testing may be
required to make a determination which relay(s) are stuck-
closed, as discussed in more detail below. Where a disconnect
is detected at input ab0 and the output ab1 when relay 102k is
commanded closed or opened, relay 1024 may be determined
to have a stuck-opened failure, and the corresponding relay
table may be updated accordingly.

[0047] Knowledge about one relay, even unsolved, may be
helpful in solving the condition of one or more other relays. In
some embodiments, as the relay test routine executes, infor-
mation is gathered regarding the conditions of relays, and
sometimes it is not immediately possible to deduce the con-
dition of a relay with complete certainty, but enough infor-
mation may be obtained to generate a “knowledge unit” that
provides at least some information regarding the condition of
one or more untested or unsolved relays. A knowledge unit
may include a set of unsolved relays and a relay condition that
corresponds to the set of unsolved relays. Information con-
tained in the knowledge unit may be updated as relays are
solved to assess and determine conditions of remaining
unsolved relays.

[0048] FIG. 5is a flowchart that illustrates a method 200 of
implementing knowledge units in accordance with one or
more embodiments of the present technique. Method 200
may include generating a knowledge unit 202, as depicted at
block 204. In some embodiments, knowledge units 202 may
be generated during one or more test routines as discussed
above. For example, where a test routine results in multiple
unsolved relays associated with a failure condition, but which
of'the relays exhibit the condition can not be determined, the
unsolved relays may be combined in a relay set contained in
knowledge unit associated with a particular failure condition.
In some embodiments, the knowledge unit may be stored in a
memory for subsequent access. A plurality of knowledge
units 204 may be generated during testing routines.

[0049] Method 200 may also include solving a relay, as
depicted at block 206. In some embodiments, solving a relay
may include determining its condition as passed, stuck-open
or stuck-closed. Method 200 may also include assessing
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knowledge units, as depicted at block 206. For example, when
a relay is solved, (e.g., a relay is determined to be passed,
stuck-open, or stuck-closed), all the knowledge units may be
assessed recursively to see if knowledge units contain the now
solved relay in their set of unsolved relays, and if one or more
of'the relays of the set of unsolved relays can be solved based
on the condition of the now solved relay. For example, in
some embodiments, when relay X is solved, each knowledge
unit is assessed to determine if they include an unsolved relay
set that includes relay X.

[0050] Method 200 may also include processing knowl-
edge units, as depicted at block 210. For example, if a knowl-
edge unit does include an unsolved relay set that includes
relay X, and relay X’s condition matches the condition cor-
responding to the set of unsolved relays, the knowledge unit
is deleted. For example, if a knowledge unit includes
unsolved relays X,Y and Z having a condition of stuck-closed
and X is determined to be stuck-closed, then the knowledge
unit is deleted. If a knowledge unit does include an unsolved
relay set that includes relay X, and relay X’s condition does
not match the condition corresponding to the set of unsolved
relays, the reference to the relay is deleted form the knowl-
edge unit. For example, if a knowledge unit includes unsolved
relays X,Y and Z having a condition of stuck-closed and X is
determined to be stuck-opened, then the X is deleted from the
knowledge unit such that a modified knowledge unit having
an unsolved relay set including Y and Z, and a corresponding
condition of stuck-closed remains. Repeated knowledge units
may be deleted such that only one of the repeated knowledge
units remains. Knowledge units having an unsolved relay set
including only one relay, the relay may be solved as having
the condition corresponding to the knowledge unit.

[0051] Method 200 may also include updating a relay table
and/or a graph, as depicted at block 212. For example, arelay
table (e.g., table 120a-120c¢) may be updated to reflect the
conditions for solved relays. In some embodiments, relays
included in an unsolved relay set of one or more knowledge
units may be listed as unsolved or untested. In some embodi-
ments, a corresponding graph (e.g., 110) may be updated to
reflect the conditions of the solved relays (e.g., stuck-open, or
stuck-closed). Passed relays may not require the graph to be
updated.

[0052] FIG. 6is a flowchart that illustrates a method 300 of
testing a relay/switch matrix in accordance with one or more
embodiments of the present technique. Method 300 may
include reading switch topography, as depicted at block 302.
In some embodiments, reading switch topography may
include identitying a topography of a corresponding relay/
switch matrix to be tested. For example, reading a switch
topography 302 may include identifying the topography of
4x4 matrix 100 and corresponding I/O paths of matrix 100 of
FIG. 1A. In some embodiments, the topography may be
retrieved from a memory, and/or may be generated and stored
in a memory for subsequent use.

[0053] Method 300 may include initializing arelay table, as
depicted at block 304. In some embodiments, initializing a
relay table may include retrieving or generating a table for
recording the conditions of relays. For example, initializing a
relay table 304 may include generating a table similar to that
of'tables 120a-120c. In some embodiments, the tables may be
retrieved from a memory, and/or may be generated and stored
in a memory for subsequent use.

[0054] Method 300 may include executing path-mode test-
ing, as depicted at block 308. Path-mode testing may include
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determining the condition of a relay by identifying a relay-
to-test, identifying one or more test paths within the matrix to
use in accessing the relay-to-test, applying the determined
path, and operating one or more of the relays within the path
to determine a state of the relay-to-test (e.g., the relay-under-
test) and/or other relays within the path. Embodiments of path
mode testing are described in more detail below with regard to
FIG. 7A. In some embodiments, path-mode testing may con-
tinue until each of the relays is solved or has at least been
tested.

[0055] Method 300 may include executing S-T Cut mode
testing, as depicted at block 310. S-T Cut mode testing may
include determining the condition of a relay by identifying a
relay-to-test, identifying partitions of the graph that exists at
each vertex of the relay-to-test, identifying a set (e.g., cut-set)
of relays/edges that when opened breaks the graph into two
disjointed sub-graphs where one of the sub-graphs includes a
source vertex (e.g., input at ab0) and the other of the sub-
graph includes a destination vertex (e.g., output at abl), open-
ing the identified cut-set of relays, and cycling the relay-
under-test to determine a condition of the relay-under-test.
Embodiments of S-T Cut mode testing are described in more
detail below with regard to FIG. 7B. In some embodiments,
S-T Cut-mode testing may continue until each of the relays is
solved or has at least been tested.

[0056] Method 300 may include checking for unsolved
relays, as depicted atblock 312. Checking forunsolved relays
may include, reviewing whether or not all of the relays have
been solved. For example, a relay table (e.g., table 120a-
120¢) may be reviewed to determine if any unsolved relays
remain. If no unsolved relays remain (e.g., all relays have
been solved), the workflow may progress to providing a solu-
tion 604, as depicted at block 616. Solution 604 may include
providing the conditions of all of the solved and/or unsolved
relays. In some embodiments, providing solution 604
includes providing a table (e.g., table 120a-120c¢) identifying
each relay and their respective solution/condition. Where all
relays have been solved, a condition of pass, stuck-open or
stuck-closed may be provided for each relay.

[0057] Method 300 may include checking for progress, as
depicted at block 318. In some embodiments, where it is
determined that unsolved relays remain (at block 312), it may
be determined whether any progress has been made in the
preceding iteration of testing (e.g., execution of path-mode
testing at 308 and/or S-T Cut testing mode at 310). Progress
may include any additional information, including changes to
conditions of relays, the addition/deletion of one or more
knowledge units and/or modifications to one or more knowl-
edge unit. If progress has been made, the workflow may
return to another iteration of executing path-mode testing at
308 and/or S-T Cut testing mode at 310. Thus, any progress
made may be applied to the subsequent iterations of path-
mode testing at 308 and/or S-T Cut testing mode at 310 make
additional progress. Where it is determined that no progress
has been made as block 318, it may be determined that an
additional iteration would not provide any additional infor-
mation or progress. Thus, the workflow of method 300 may
provide the current solution 314, as depicted at block 316.
[0058] FIG. 7A is a flowchart that illustrates a method 400
of executing path-mode testing in accordance with one or
more embodiments of the present technique. In some embodi-
ments, method 400 may include an iteration of block 308,
depicted and discussed with regard to FIG. 6. In some
embodiments, method 400 includes determining an unsolved
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relay-to-test, as depicted at block 402. In some embodiments,
a relay-to-test may be selected at random from one of the
currently untested and/or unknown relays. In some embodi-
ments, a relay-to-test may be selected by progressing down a
relay table (e.g., 120a-120¢ of FIGS. 3A-3C) and selecting
the next untested and/or unknown relay.

[0059] Method 400 may include determining a path
through the unsolved relay-to-test, as depicted at block 404.
In some embodiments, finding a path through the unsolved
relay-to-test, as depicted at block 404 may include determin-
ing a simple path from a source to a destination that includes
the relay-to-test as described above. For example, in FIG. 4B,
where 102% is the relay-to-test, test path 134a may include
test sub-path 130a from ab0 to r0 to c0 to r2, test sub-path
132a from c2 to r1 to ab1, and edge r2 to c2. In some embodi-
ments, the determined path may be identified based on com-
parisons to other candidate paths, as discussed above. For
example, the test path may include a test path with the lowest
cost relative to other candidate test paths.

[0060] Method 400 may include closing the path, as
depicted atblock 406. In some embodiments, closing the path
may include closing each of the relays contained in the path,
as described above. For example, with regard to FIG. 4B
during testing, path 134a may be closed by closing relays
104a, 1024, 102/, 102%, 1045 and 102g.

[0061] Method 400 may include testing the path, as
depicted at block 408. In some embodiments, testing the path
may include checking for continuity across the path, as dis-
cussed above. For example, where ab0 includes a source
vertex coupled to a first channel of a path detection circuit,
and output at abl includes a destination vertex coupled to a
second channel of the path detection circuit, the path detec-
tion circuit may be operated to determine whether a path is
detected, as depicted at block 410. Where a path is not
detected, it may be determined whether only one unsolved
relay exists in the path, as depicted at block 412. If only one
unsolved relay exists in the path, then the unsolved relay may
be solved as stuck-open, as depicted at block 414. If more
than one unsolved relay exists in the path, then method 400
may include creating a stuck-open knowledge unit (“KU”)
with all unsolved relays in the path, as depicted at block 416.
For example, aknowledge unit identifying the set of unsolved
relays and their condition of stuck-open may be generated, as
discussed above withregard to FIG. 5. The workflow may end
the iteration of method 400 upon solving the only unsolved
relay in the path or creating the knowledge unit. In some
embodiments, upon ending method 400, the workflow may
return to block 310 of method 300 depicted and discussed
with regard to FIG. 6.

[0062] Method 400 may include determining an unsolved
relay, as depicted at block 418. In some embodiments, deter-
mining an unsolved relay may include identitying one of the
relays in the path through the unsolved relay (determined at
block 404). For example, upon detecting a path at block 410,
the relay-under-test may be determined to be the unsolved
relay at block 418. As discussed in more detail below, in
subsequent iterations, one of the other unsolved relays in the
path may be determined to be the unsolved relay.

[0063] Method 400 may include opening the unsolved
relay, as depicted at block 420. In some embodiments, open-
ing the unsolved relay may include commanding all of the
relays in the path, except the unsolved relay, to close and
commanding the unsolved relay to open. Method 400 may
include testing the path, as depicted at block 422. In some
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embodiments, testing the path may include checking for con-
tinuity across the path, as discussed above. For example, the
path detection circuit may be operated to determine whether
a path is detected across the unsolved relay and the test path,
as depicted at block 424. Where a path is not detected, method
400 may include solving the unsolved relay as having a pass
condition, as depicted at block 425.

[0064] Method 400 may also include determining whether
or not the unsolved relay, now solved as passed, is a merged
relay, as depicted at block 428. In some embodiments, a
merged relay is determined by referencing a graph (e.g.,
graph 110a-110¢) or corresponding table (e.g., table 120a-
120¢). If the relay is determined to be merged, method 400
may include testing the merged relay, as depicted at block
430. Testing the merged relay may include the workflow
described in more detail below with regard to FIG. 8A. If the
relay is determined to not be merged or the testing of the
merged relay at block 430 has completed, the workflow of
method 400 may include advancing to determining whether
or not an untested (e.g., has not been individually opened at
block 420) and unsolved relay exists in the path, as depicted
at block 432. If additional untested and unsolved relays exist
in the path, the workflow of method 400 may return to block
418 to execute another iteration of testing with regard to one
of the untested/unsolved relays that remain. If no additional
untested and unsolved relays exist in the path, the workflow of
method 400 may end the current iteration of method 400. In
some embodiments, upon ending method 400, the workflow
may return to block 310 of method 300 depicted and dis-
cussed with regard to FIG. 6.

[0065] Method 400 may include simulating all unknown
relays except relay-under-test as stuck-closed, as depicted at
block 434. In some embodiments, where a path is detected at
block 424, simulating all unknown relays as stuck-closed
includes simulating all unsolved relays (e.g., relays labeled as
having a condition of untested or unknown) of matrix 100
(not just relays within the test path) as stuck-closed. Method
400 may, then, determine that with all of the unknown relays
simulated in the stuck-closed position and the unsolved relay
in the open position, could a simulated path exists that pro-
vides continuity between the source and the destination, as
depicted at block 436. For example, to determine whether a
path exists across all relays solved as stuck-closed and all
unsolved relays other than the current unsolved relay-under-
test that could provide continuity between the source and the
destination of the path. If it is determined that such a simu-
lated path does not exist, method 400 may include determin-
ing that the unsolved relay currently under test is stuck-
closed, as depicted at block 436. In some embodiments,
method 400 may then include determining whether the
unsolved relay is merged, as depicted at block 440. If it is
determined that the relay is not merged, the workflow of
method 400 may include advancing to determining whether
or not an untested and unsolved relay exists in the path, as
depicted at block 432. If the relay is determined to be merged
at block 440, a determination may be made as to whether any
of the individual relays of the merged relay are solved as
stuck-closed, as depicted at block 442. If it is determined that
any of the individual relays of the merged relay are solved as
stuck-closed, the workflow of method 400 may include
advancing to determining whether or not an untested and
unsolved relay exists in the path, as depicted at block 432. If
it is determined that none of the individual relays of the
merged relay are solved as stuck-closed, it may be determined
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whether there is more than one unsolved relay among the
individual relays of the merged relay, as depicted at block
444. 1f it is determined that there is more than one unsolved
relay among the individual relays of the merged relay, then a
stuck-open knowledge unit including all of the unsolved indi-
vidual relays of the merged relay may be created, as depicted
at block 446, and the workflow of method 400 may include
advancing to determining whether or not an untested and
unsolved relay exists in the path, as depicted at block 432. If
it is determined that there not more than one unsolved relay
among the individual relays of the merged relay, then the
unsolved relay of the individual relays is solved as stuck-
closed, as depicted at block 448, and the workflow of method
400 may include advancing to determining whether or not an
untested and unsolved relay exists in the path, as depicted at
block 432. If it is determined that such a simulated path does
exist, method 400 may include creating a stuck-closed knowl-
edge unit with all unsolved relays in the path, as depicted at
block 450. For example, a knowledge unit identifying the set
ofunsolved relays and their condition of stuck-closed may be
generated, ad discussed above with regard to FIG. 5. The
workflow of method 400 may include advancing to determin-
ing whether or not an untested and unsolved relay exists in the
path, as depicted at block 432.

[0066] FIG. 7B is a flowchart that illustrates a method 500
of'executing S-T Cut mode testing in accordance with one or
more embodiments of the present technique. In some embodi-
ments, method 500 may include an iteration of block 310,
depicted and discussed with regard to FIG. 6. In some
embodiments, method 500 includes determining an unsolved
relay-to-test, as depicted at block 502. In some embodiments,
a relay-to-test may be selected at random from one of the
currently untested and/or unknown relays. In some embodi-
ments, a relay-to-test may be selected by progressing down a
relay table (e.g., 120a-120¢ of FIGS. 3A-3C) and selecting
the next untested and/or unknown relay.

[0067] Method 500 may include determining an S-T Cut
set, as depicted at block 504. In some embodiments, deter-
mining an S-T Cut set test may include: finding a path that
goes through the unsolved relay-to-test, where the source and
destination vertices include two channels connected to a path
detection circuit (e.g., input at ab0 and output ab1 of FIGS.
1A and 1B), determining a set of relays that divide the full
graph into two sets separated by vertices of the set of relays.
The S-T Cut set may include the set of relays that divide the
full graph into two sets separated by vertices of the set of
relays. In some embodiments, the S-T Cut set includes the
relay unsolved relay-to-test.

[0068] Method 500 may include determining a minimum
spanning forest, as depicted at block 505. Determining a set of
relays to be closed during the S-T Cut test may be determined
based on a minimum spanning forest for disjoined graphs,
using Kruskal’s algorithm. To determine the minimum span-
ning forest, a copy of the current graph representation of the
switch may be stored in memory. Edges corresponding to the
S-T Cut set determined may be removed from the graph,
resulting in two disjointed graphs. Then Kruskal’s algorithm
may be applied to the graphs. The relays corresponding to the
edges in the calculated minimum spanning tree are closed, the
rest of the relays are left open.

[0069] Method 500 may include closing relays, as depicted
at block 506. In some embodiments, closing relays may
include closing all of the relays corresponding to the mini-
mum spanning forest determined at block 505. In some
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embodiments, all other relays are other than the S-T cut set are
closed. In some embodiments, only the set of relays associ-
ated with the minimum spanning forest are closed.

[0070] Method 500 may include testing the path, as
depicted at block 508. In some embodiments, testing the path
may include checking for continuity across the path, as dis-
cussed above. For example, where ab0 includes a source
vertex coupled to a first channel of a path detection circuit,
and output at abl includes a destination vertex coupled to a
second channel of the path detection circuit, the path detec-
tion circuit may be operated to determine whether a path is
detected, as depicted at block 510. Where a path is detected,
it may be determined whether only one unsolved relay exists
in the S-T Cut set, as depicted at block 512. If only one
unsolved relay exists in the S-T Cut set, then the unsolved
relay may be solved as stuck-closed, as depicted at block 514.
If more than one unsolved relay exists in the S-T Cut set, then
method 500 may include creating a stuck-closed knowledge
unit (“KU”) with all unsolved relays in the S-T Cut set, as
depicted at block 516. For example, a knowledge unit iden-
tifying the set of unsolved relays and their condition of stuck-
closed may be generated, as discussed above with regard to
FIG. 5. The workflow may end the iteration of method 500
upon solving the only unsolved relay in the S-T cut set or
creating the knowledge unit. In some embodiments, upon
ending method 500, the workflow may return to block 312 of
method 300 depicted and discussed with regard to FIG. 6.
[0071] Method 500 may include determining an unsolved
relay, as depicted at block 518. In some embodiments, deter-
mining an unsolved relay may include identitying one of the
relays in the S-T Cut set (determined at block 504). For
example, upon not detecting a path at block 510, the relay-
under-test may be determined to be the unsolved relay at
block 518. As discussed in more detail below, in subsequent
iterations, one of the other unsolved relays in the S-T Cut set
may be determined to be the unsolved relay.

[0072] Method 500 may include closing the unsolved relay,
as depicted at block 520. In some embodiments, closing the
unsolved relay may include commanding all of the relays in
the S-T Cut set, except the unsolved relay, to open and com-
manding the unsolved relay to close. Method 500 may
include testing the path, as depicted at block 522. In some
embodiments, testing the path may include checking for con-
tinuity across the path, as discussed above. For example, the
path detection circuit may be operated to determine whether
a path is detected across the unsolved relay, as depicted at
block 524. Where a path is detected, method 500 may include
solving the unsolved relay as having a pass condition, as
depicted at block 526.

[0073] Method 500 may also include determining whether
or not the unsolved relay, now solved as passed is a merged
relay, as depicted at block 528. In some embodiments, a
merged relay is determined by referencing a graph (e.g.,
graph 110a-110¢) or corresponding table (e.g., table 120a-
120¢). If the relay is determined to be merged, method 500
may include testing the merged relay, as depicted at block
530. Testing the merged relay may include the workflow
described in more detail below with regard to FIG. 8B. If the
relay is determined to not be merged or the testing of the
merged relay at block 530 has completed, the workflow of
method 500 may include advancing to determining whether
or not an untested (e.g., has not been individually opened at
block 520) and unsolved relay exists in the path, as depicted
at block 532. If additional untested and unsolved relays exist
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in the path, the workflow of method 500 may return to block
518 to execute another iteration of testing with regard to one
of the untested/unsolved relays that remain. If no additional
untested and unsolved relays exist in the path, the workflow of
method 500 may end the current iteration of method 500. In
some embodiments, upon ending method 500, the workflow
may return to block 312 of method 300 depicted and dis-
cussed with regard to FIG. 6.

[0074] Method 500 may include simulating all unknown
relays as stuck-open except for the relay-under-test, as
depicted at block 534. In some embodiments, where a path is
not detected at block 524, simulating all unknown relays as
stuck-open includes simulating all unsolved relays (e.g.,
relays labeled as having a condition of untested or unknown)
of matrix 100 (not just relays within the S-T Cut set) as
stuck-open. Method 500 may, then, determine that with all of
the unknown relays simulated in the stuck-open position and
the unsolved relay in the closed position, could a simulated
disconnect exists that that eliminates continuity between the
disjointed sub-graphs where one of the sub-graphs includes
the source vertex (e.g., input at ab0) and the other of the
sub-graph includes the destination vertex (e.g., output atab1),
as depicted at block 536. For example, to determine whether
a set of unknown relays be stuck-open such that they provide
for the discontinuity between the source and the destination.
If it is determined that such a simulated disconnect does not
exists, method 500 may include determining that the
unsolved relay currently under test is stuck-open, as depicted
at block 538. In some embodiments, method 500 may then
include determining whether the unsolved relay is merged, as
depicted at block 540. If it is determined that the relay is not
merged, the workflow of method 500 may include advancing
to determining whether or not an untested and unsolved relay
exists in the path, as depicted at block 432. If the relay is
determined to be merged at block 540, then the relays of the
merged relays are solved as stuck-opened, as depicted at
block 542, and the workflow of method 500 may include
advancing to determining whether or not an untested and
unsolved relay exists in the path, as depicted at block 532. If
it is determined that such a simulated disconnect does exists,
method 500 may include creating a stuck-open knowledge
unit with all unsolved relays in the S-T Cut set, as depicted at
block 540. For example, a knowledge unit identifying the set
of unsolved relays in the S-T Cut set and their condition of
stuck-open may be generated, as discussed above with regard
to FIG. 5. The workflow of method 500 may include advanc-
ing to determining whether or not an untested and unsolved
relay exists in the path, as depicted at block 532.

[0075] FIG. 8A is a flowchart that illustrates a method 600
of testing merged relays in accordance with one or more
embodiments of the present techmque. In some embodi-
ments, method 600 may include an iteration of block 430,
depicted and discussed with regard to FIGS. 7A. Method 600
may include breaking-up the merged relay, as depicted at
block 602. In some embodiments, breaking-up the merged
relay 602 includes identifying the individual relays that have
been previously identified as part of the merged relay. For
example, merged relays 1020 and 102p discussed above with
respect to FIG. 2C, may be identified separately. Method 600
may include determining the next unsolved relay-to-test, as
depicted at block 604. In some embodiments, determining the
next unsolved relay-to-test may include selecting one of the
merged relays that have been identified individually, and that
have not been resolved. Method 600 may include closing the
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unsolved relay-to-test, as depicted at block 606. In some
embodiments, closing the relay-to-test may restore the path
not detected at block 424. Method 600 may include testing the
path, as depicted at block 608. In some embodiments, testing
the path may include checking for continuity across the path,
as discussed above. For example, where ab0 includes a source
vertex coupled to a first channel of a path detection circuit,
and output at abl includes a destination vertex coupled to a
second channel of the path detection circuit, the path detec-
tion circuit may be operated to determine whether a path is
detected across the unsolved relay, as depicted at block 610.
Where a path is detected, the unsolved relay of the merged
relay may be solved as having a pass condition, as depicted at
block 612. Where a path is not detected, method 600 may
include solving the unsolved relay as stuck-open, as depicted
at block 613. Method 600 may include opening the unsolved
relay-to-test, as depicted at block 614. Opening the unsolved
relay-to-test may occur subsequent to determining that a path
was not detected or solving the relay as having a pass condi-
tion. Method 600 may include determining whether any
unsolved relays remain, as depicted at block 614. In some
embodiments, determining whether any unsolved relays
remains includes determining whether any of the individual
relays of the merged relay are unsolved. Upon determining
that unsolved relays remain in the merged relay, workflow of
method 600 may include returning to identifying another
unsolved relay-to-test, at block 604. Upon determining that
no unsolved relays remain in the merged relay, workflow of
method 600 may end. In some embodiments, upon ending,
the workflow of method 600 may return to block 432 of FIG.
7A.

[0076] FIG. 8B is a flowchart that illustrates a method 700
of testing merged relays in accordance with one or more
embodiments of the present techmque. In some embodi-
ments, method 700 may include an iteration of block 530,
depicted and discussed with regard to FIGS. 7B. Method 700
may include braking-up the merged relay, as depicted at block
702. In some embodiments, breaking-up the merged relay
includes identifying the individual relays that have been pre-
viously identified as part of the merged relay. For example,
merged relays 1020 and 102p discussed above with respect to
FIG. 2C, may be identified separately. Method 700 may
include determining the next unsolved relay-to-test, as
depicted at block 704. In some embodiments, determining the
next unsolved relay-to-test may include selecting one of the
merged relays that have been identified individually, and that
have not been resolved. Method 700 may include opening all
individual relays that compose the merged relay except for
relay-to-test, as depicted at block 706. In some embodiments,
opening the relay-to-test may break the path detected at block
524. Method 700 may include testing the path, as depicted at
block 708. In some embodiments, testing the path may
include checking for continuity across the path, as discussed
above. For example, where ab0 includes a source vertex
coupled to a first channel of a path detection circuit, and
output at abl includes a destination vertex coupled to a sec-
ond channel of the path detection circuit, the path detection
circuit may be operated to determine whether a path is
detected across the unsolved relay, as depicted at block 710.
Where a path is detected, the unsolved relay of the merged
relay may be solved as having a pass condition, as depicted at
block 712. Where a path is not detected, method 600 may
include solving the unsolved relay as stuck-open, as depicted
at block 613. Method 700 may include closing the relays, as
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depicted at block 714. Closing the relays may include closing
the relays opened at block 706. Method 700 may include
determining whether any unsolved relays remain, as depicted
atblock 714. In some embodiments, determining whether any
unsolved relays remains includes determining whether any of
the individual relays of the merged relay are unsolved. Upon
determining that unsolved relays remain in the merged relay,
workflow of method 700 may include returning to identifying
another unsolved relay-to-test, at block 704. Upon determin-
ing that no unsolved relays remain in the merged relay, work-
flow of method 700 may end. In some embodiments, upon
ending, the workflow of method 700 may return to block 532
of FIG. 7B.

[0077] Insomeembodiments, the above techmques may be
implemented via an application executed on a computer that
facilitates communication with corresponding switch/relay
hardware. FI1G. 9 illustrates an exemplary measurement/con-
trol system (“computer system”) 1000 that may implement
one or more embodiments of the present technique. Computer
system 1000 may include various combinations of hardware
and software that include devices that can be used to imple-
ment various computer based processes.

[0078] In the illustrated embodiment, computer system
1000 includes a host computer system 1100. Host computer
system 1100 may be operable to execute computer programs/
routines that provide various computer related functions,
such as those for implementing routines for testing a relay/
switch matrix as described herein. For example, instructions
for implementing the techniques described herein may be
stored an executed by one or more of the computer systems/
device of computer system 1000, such as host computer sys-
tem 1100. Moreover, relay/switch matrix 100 may be imple-
mented in a switch/relay module provided within system
1000. Host computer system 1100 may include various com-
ponents such as central processing unit (CPU) 1102 and a
memory medium 1104. Memory medium 1104 may include a
tangible non-transitory computer readable storage medium,
such as random access memory (RAM), flash memory, hard-
drives, and/or CD-ROMs, or the like. Memory medium 1104
may have program instructions stored thereon that are execut-
able (e.g., by CPU 1102) to implement one or more computer
implemented methods, such as those for implementing rou-
tines for testing a relay/switch matrix as described herein. In
the illustrated embodiment, host computer system 1100
includes a display device (e.g., a monitor) 1106, an alphanu-
meric input device (e.g., a keyboard) 1108, and a directional
input device (e.g., amouse) 1110. In some embodiments, host
computer system 1100 may include modular and/or plug-in
boards/cards (e.g., with either commercially available or pro-
prietary hardware) that may be added via a number of expan-
sion slots internal or external to the computer body. For
example, host computer system 1100 may include PCI/PCI
Express slots and PCI/PCI Express cards disposed therein. As
described in more detail below, host computer system 1100
may be connected to one or more devices, such as an expan-
sion chassis for connecting to a various number and combi-
nation of devices. In certain embodiments, host computer
system 1100 and/or other portions of computer system 1000
may be connected to one or more other devices via a network,
such as an internal network (e.g., a local area network (LAN))
and/or an external network (e.g., the internet). In certain
embodiments, host computer system 1100 may be used for
various input/output (/O) functions and processing tasks. For
example, host computer system 1100 may be used for data
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acquisition (DAQ) (e.g., when a DAQ digitizing board is
installed in computer 1100 or a device coupled thereto, such
as a chassis, and associated software is run).

[0079] Host computer system 1100 may be configured to
connect/communicate with other instruments/devices of
computer system 1000. In some embodiments, host computer
system 1100 may operate with the one or more devices of
computer system 1000 to generate and provide data, to
acquire data, to analyze data. For example, computer system
may communicatively couple to and control one or more
devices 1202, processes 1204, or the like. In some embodi-
ments, devices 1201 may include universal serial bus (USB)
devices. Host computer system 1100 may operate with the
one or more devices in communication with device 1202 or
process 1204 to perform an automation function, such as
MMI (Man Machine Interface), SCADA (Supervisory Con-
trol and Data Acquisition), portable or distributed data acqui-
sition, process control, advanced analysis, or other data
acquisition and control functions. For example, computer
system 100 may be used to implement data acquisition and
control applications, test and measurement applications,
image acquisition and processing application, machine vision
processing applications, process control applications, man-
machine interface applications, simulation applications,
hardware-in-the-loop validation applications, motion control
applications, computer based instruments (CBI) applications,
signal conditioning (SCXI) applications, or the like. One or
more of the instruments/devices of computer system 100 may
include a programmable hardware element, using an FPGA
or a processor and memory, and/or one or more portions of
user code.

[0080] Computer system 1000 may include a variety of
devices. For example, computer system 1000 may include
modular instrumentation devices, such test and measurement
devices manufactured by National Instruments Corporation,
headquartered in Austin, Tex. In some embodiments, com-
puter system 1000 may include computer based instrumenta-
tion (CBI) 1206, such as a digital multi-meter (DMM), an
oscilloscope (SCOPE), a radio-frequency (RF) device (e.g.,
up-converter or down-converter), an arbitrary waveform gen-
erator (ARB), or the like. Computer system 1000 may include
general purpose interface bus (GPIB) device 1208, such as a
modular GPIB card used to communicate with a GPIB device
1210 (e.g., an oscilloscope) via a GPIB communication pro-
tocol. Computer system 1000 may include a serial device
1212, such as a modular serial card used to communicate with
a serial device 1214 (e.g., an oscilloscope) via a serial com-
munication protocol. Computer system 1000 may include a
(PXI) device 1216, such as a PXI chassis having PXI form
factor modular devices (e.g., modules) installed therein.
Computer system 1000 may include a (VXI/VME) device
1218, such as a VXI/VME chassis having VXI/'VME form
factor modular devices (e.g., VXI/VME controllers/modules)
installed therein. Computer system 1000 may include data
acquisition (DAQ) device 1220, such as modular instrumen-
tation including data input/output (I/O) interfaces for receiv-
ing, transmitting, conditioning, and/or processing signals
(e.g., digital and analog signals). Computer system 1000 may
include signal conditioning (SCXI) devices 1222 that can be
used to condition and/or route signals, such as 1/O signals as
those transmitted/received at DAQ device 1220. SCXI device
1222 may include a chassis 1224 having devices 1222
installed therein (e.g., a relay/switch module having a relay/
switch matrix). Computer system 1000 may include a pro-
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grammable logic controller (PLC) 1226, such as a PL.C used
for the automation of electromechanical process. Computer
system 1000 may include a distributed /O module, such as a
fieldpoint module 1228. Computer system 1000 may include
a distributed control module, such as a fieldbus module 1230.
Computer system 1000 may include an image acquisition
(IMAQ) system, such as a modular IMAQ module 1232 and
an associated IMAQ device (e.g., camera) 1234. Computer
system 1000 may include a motion control system, such as a
modular motion controller device 1236, a motor drive 1238,
and a motor 1240. Computer system 100 may include any
variety of other devices. Although some of the devices are
illustrated in association with a chassis (e.g., modules) and
some are illustrated independent from a chassis (e.g., card or
standalone devices), embodiments may include all or some of
the described device being provided in a module form factor
to be housed in a chassis and/or a card form factor be installed
in computer 1100. For example, PXI device 1216 may
include a PXI chassis housing any combination of modular
CBI devices, GPIB devices, serial devices, SCXI devices,
DAQ devices, IMAQ devices, motion devices, or the like. For
example a PXI form factor switch/relay module having a
relay/switch matrix may be provided. In some embodiments,
a switch may be provided on a carrier that is disposed in a PXI
module housed in a PXI chassis. The devices may also be
provided in a PCI form factor and installed in PCI slots of
computer 1100. In some embodiments, computer system
1100 may include a test and measurement device, such as a
digital millimeter (DMM). In some embodiments, the DMM
may employ the techniques discussed herein to test relays of
aswitch coupled thereto. For example, the DMM may be used
to measure the connectivity or resistance between two chan-
nels of the switch when appropriate as described above with
regard to the test routine.

[0081] Although the embodiments above have been
described in considerable detail, numerous variations and
modifications will become apparent to those skilled in the art
once the above disclosure is fully appreciated. It is intended
that the following claims be interpreted to embrace all such
variations and modifications. Furthermore, note that the word
“may” is used throughout this application in a permissive
sense (e.g., having the potential to, being able to), not a
mandatory sense (e.g., must). The term “include”, and deri-
vations thereof, mean “including, but not limited to”. As used
in this specification, the singular forms “a”, “an” and “the”
include plural referents unless the content clearly indicates
otherwise. Thus, for example, reference to “a device”
includes a combination of two or more devices.

We claim:

1. A method of testing a relay set, comprising:

utilizing a computer to perform:

mapping an undirected graph indicative of a topology of
the relay set, wherein the undirected graph is stored in
computer memory, wherein the undirected graph com-
prises vertices indicative of channels of the relay set and
edges indicative of relays of the relay set, wherein edges
extend between corresponding vertices;

storing values corresponding to the edges of the undirected
graph, wherein the assigned value for each edge is based
on a characteristic of a relay of the relay set that corre-
sponds to the respective edge;

identifying a plurality of candidate test paths for a relay-
to-test, wherein each of the plurality of candidate test
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paths connect a first input/output (I/O) channel and a
second /O channel, and comprises the relay-to-test;
determining a total value for each of the candidate test
paths, wherein determining a total value for a given one
of the candidate test paths comprises totaling the values
for the edges of the given one of the candidate test paths;

comparing the total values for each of the candidate test
paths to one another; and

determining a test path for the relay-to-test based on the

comparison of the total values for each of the candidate
test paths to one another.
2. The method of claim 1, wherein identifying a plurality of
candidate test paths for the relay-to-test comprises:
identifying a first candidate sub path that connects the first
1/O channel to a first terminal of the relay-to-test; and

identifying a second candidate sub path that connects the
second I/O channel to a second terminal of the relay-to-
test.

3. The method of claim 1, wherein storing values corre-
sponding to edges of the undirected graph comprises:

assigning a low/high value to edges that correspond to

relays having an untested condition;

assigning an intermediate value to edges that correspond to

relays having an unknown condition;

assigning a high/low value to edges that correspond to

relays having a passed condition; and

wherein determining a test path for the relay-to-test com-

prises selecting one of the plurality of candidate test
paths having the lowest/highest total value.

4. The method of claim 1, further comprising:

implementing the test path using the relay matrix;

checking for continuity across the first and second /O

channels; and

determining a condition of the relay-to-test based on the

checking for continuity.

5. The method of claim 1, further comprising dynamically
updating the undirected graph upon determining a condition
of a relay of the relay set, wherein dynamically updating the
undirected graph comprises modifying the undirected graph
to reflect the topology of the relay set including the deter-
mined condition of the relay.

6. The method of claim 5, further comprising determining
that a relay of the relay set is stuck-open, and wherein
dynamically updating the undirected graph comprises remov-
ing from the undirected graph the edge corresponding to the
relay determined to be stuck-open.

7. The method of claim 5, further comprising determining
that a relay of the relay set is stuck-closed, and wherein
dynamically updating the undirected graph comprises merg-
ing within the undirected graph the vertices corresponding to
the relay determined to be stuck-closed.

8. The method of claim 1, further comprising

identifying that at least one of a set of relays has a particular

failure condition;
storing a knowledge unit identifiers for each of the set of
relays in association with the particular condition; and

accessing the knowledge unit, upon subsequently deter-
mining a condition of a relay of the relay set, to deter-
mine a condition of one or more relays of the set of relays
based on the subsequently determined condition of the
relay of the relay set.

9. The method of claim 1, further comprising:

determining an S-T cut set of relays, wherein opening of

the S-T cut set of relays partitions the relay set into a first
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partition connected to the first I/O channel and a second
partition connected to the second I/O channel;

determining a minimum spanning forest relay set, wherein
the minimum spanning forest relay set comprises a mini-
mum number of relays to close;
opening relays of the S-T cut set; and
closing relays of the minimum forest relay set.
10. A non-transitory computer readable storage medium
comprising program instructions stored thereon, wherein the
program instructions are executable to cause a computer sys-
tem to perform a method of testing a relay set, comprising:
mapping a relay set to an undirected graph indicative of a
topology of the relay set, wherein the undirected graph
comprises vertices indicative of channels of the relay set
and edges indicative of relays of the relay set, wherein
edges extend between corresponding vertices;

assigning values to edges of the undirected graph, wherein
the assigned value for each edge is based on a charac-
teristic of a relay of the relay set that corresponds to the
respective edge;
identifying a plurality of candidate test paths for a relay-
to-test, wherein each of the plurality of candidate test
paths connect a first input/output (I/O) channel and a
second /0O channel, and comprises the relay-to-test;

determining a total value for each of the candidate test
paths, wherein determining a total value for a given one
of the candidate test paths comprises totaling the values
for the edges of the given one of the candidate test paths;

comparing the total values for each of the candidate test
paths to one another; and

determining a test path for the relay-to-test based on the

comparison of the total values for each of the candidate
test paths to one another.

11. The storage medium of claim 10, wherein identifying a
plurality of candidate test paths for the relay-to-test, com-
prises identifying a first candidate sub path that connects the
first /O channel to a first terminal of the relay-to-test, and
identifying a second candidate sub path that connects the
second I/O channel to a second terminal of the relay-to-test.

12. The storage medium of claim 10, wherein assigning
values to edges of the undirected graph comprises:

assigning a low/high value to edges that correspond to

relays having an untested condition;

assigning an intermediate value to edges that correspond to

relays having an unknown condition;

assigning a high/low value to edges that correspond to

relays having a passed condition; and

wherein determining a test path for the relay-to-test com-

prises selecting one of the plurality of candidate test
paths having the lowest/highest total value.

13. The storage medium of claim 10, wherein the method
further comprises:

implementing the test path using the relay set;

checking for continuity across the first and second 1/O

channels; and

determining a condition of the relay-to-test based on the

checking for continuity.

14. The storage medium of claim 10, wherein the method
further comprises dynamically updating the undirected graph
upon determining a condition of a relay of the relay set,
wherein dynamically updating the undirected graph com-
prises moditying the undirected graph to reflect the topology
of the relay set including the determined condition of the
relay.
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15. The storage medium of claim 14, wherein the method
further comprises determining that a relay of the relay set is
stuck-open, and wherein dynamically updating the undi-
rected graph comprises removing from the undirected graph
the edge corresponding to the relay determined to be stuck-
open.

16. The storage medium of claim 14, wherein the method
further comprises determining that a relay of the relay set is
stuck-closed, and wherein dynamically updating the undi-
rected graph comprises merging within the undirected graph
the vertices corresponding to the relay determined to be
stuck-closed.

17. The storage medium of claim 1, wherein the method
further comprises:

identifying that at least one of a set of relays has a particular

failure condition;
storing a knowledge unit identifiers for each of the set of
relays in association with the particular condition; and

accessing the knowledge unit, upon subsequently deter-
mining a condition of a relay of the relay set, to deter-
mine a condition of one or more relays of the set of relays
based on the subsequently determined condition of the
relay of the relay set.
18. The storage medium of claim 1, wherein the method
further comprises:
determining an S-T cut set of relays, wherein opening of
the S-T cut set of relays partitions the relay set into a first
partition connected to the first I/O channel and a second
partition connected to the second I/O channel;

determining a minimum spanning forest relay set, wherein
the minimum spanning forest relay set comprises a mini-
mum number of relays to close;

opening relays of the S-T cut set; and

closing relays of the minimum forest relay set.

19. A system, comprising:

a computer system configured to:

map a relay set to an undirected graph indicative of a
topology of the relay set, wherein the undirected
graph comprises vertices indicative of channels of the
relay set and edges indicative of relays of the relay set,
wherein edges extend between corresponding verti-
ces;

assign values to edges of the undirected graph, wherein
the assigned value for each edge is based on a char-
acteristic of a relay of the relay set that corresponds to
the respective edge;

identify a plurality of candidate test paths for a relay-to-
test, wherein each of the plurality of candidate test
paths connect a first input/output (I/O) channel and a
second /0O channel, and comprises the relay-to-test;

determine a total value for each of the candidate test
paths, wherein determining a total value for a given
one of the candidate test paths comprises totaling the
values for the edges of the given one of the candidate
test paths;

compare the total values for each of the candidate test
paths to one another; and

determine a test path for the relay-to-test based on the
comparison of the total values for each of the candi-
date test paths to one another.

20. The system of claim 19, further comprising a switch
module comprising the relay set.
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