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DESCRIPTION

BACKGROUND

[0001] Altering the processing performance of a processing device is widely used to manage
power, current and work load on the processing device. For example, throttling may be used to
reduce power and current consumption in an integrated circuit. Such performance
management is done by a performance operation, such as clock swallowing or a zero op.
However, when such operations are executed, the load current may change abruptly.
Additionally, because these operations are applied repeatedly, the periodicity or frequency of
the application of the operation may naturally stimulate resonance in a power delivery network
from which the processing device draws power. This can result in excessive voltage drop
during resonance, which, if not managed, can result in power related functional failures within
the processing device.

[0002] One way to minimize such failures is to increase the operational voltage applied
through the power delivery network by adding a voltage margin to a minimum amount of
voltage necessary that is sufficient for the power delivery network to provide adequate power
to the processing device. While adding voltage margin for a single device incurs only an
incremental operating expense, the aggregate expense for hundreds of thousands of such
devices can be significant. For example, a data center may employ hundreds of thousands of
processing devices, and extra margin for each of these processing devices can significantly
drive up the total operational costs of the data center.

[0003] William Paul Hovis et al. (US 2017/0357298) reported a voltage based thermal control
of processing device, in which thermal reduction and voltage adjustment techniques for
computing systems and processing devices were presented. In a first example from Hovis et
al., a method of operating a voltage control system for processing device included operating
the processing device in a computing assembly at a selected performance level, the
processing device supplied with at least one input voltage at a first voltage level. The method
included monitoring thermal information associated with the computing assembly, and when
the thermal information indicates a temperature associated with the computing assembly
exceeds a threshold temperature, adjusting the at least one input voltage level supplied to the
processing device to a second voltage level lower than the first voltage level and continuing to
operate the processing device at the selected performance level.

SUMMARY

[0004] The invention is defined by the independent claims. Dependent claims specify
embodiments thereof.
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[0005] This specification describes technologies relating to resonance aware performance
management of processing devices.

[0006] In general, one innovative aspect of the subject matter described in this specification
can be embodied in a method as defined by the appended independent claim 1.

[0007] In general, another aspect of the subject matter described in this specification can be
embodied in a device as defined by the appended independent claim 11.

[0008] Particular embodiments of the subject matter described in this specification can be
implemented so as to realize one or more of the following advantages. Because the system
determines particular application periods or patterns at which a performance operation will
excite resonance in the power delivery network, the performance operations are not applied at
the application periods. Moreover, each device (power delivery network and associated
processing device connected to the power delivery network) can be individually tested to
determine a specific minimum operating voltage (Vmin) for the processing device. This results

in a smaller voltage margin than would be required without such testing, which, in turn, results
in costs savings. Additionally, power related failures due to power delivery network resonance
are reduced or eliminated.

[0009] Additionally, the application periods or patterns can be used to determine a resonant
frequency of the power delivery network. Thus, the system may then be able to monitor signals
of the processing device for a periodicity (e.g., certain pulse trains over a given time period)
that corresponds to the resonant frequency, and preclude application of performance
operations in a manner that results in a signal that corresponds to the resonant frequency of
the power delivery network. Thus, performance operations that have not been specifically
tested can still be used in a manner that does excite resonance in the power delivery network.

[0010] In some implementations, devices need not be tested prior to deployment. Instead, a
performance management system can receive voltage and status feedback from the
processing device and learn the combination of the minimum operational voltage Vi, and

precluded application periods or patterns over time. This also results in a smaller voltage
margin than would be required without such learning, which, in turn, results in costs savings.

[0011] In some implementations, once test statistics are collected for a processing device, e.g.,
different Vq;, for different application periods or patterns, a voltage can be increased

beforehand for aggressive transient load currents to make sure that the system has enough
margin for the transient load currents, and then reduced when such load current are no longer
present, thereby saving power.

[0012] The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will become apparent from the
description, the drawings, and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a block diagram of a device that includes a processing device for which performance
can be adjusted by performance operations.

Fig. 2 is a set of timing diagrams illustrating the application of a performance operation at two
different sequences.

Fig. 3 are timing diagrams of a load current and a corresponding induced resonance resulting
from the application of a performance operation in a manner that causes resonance in the
power delivery network.

Fig. 4 is a flowchart of an example process to determine a resonance parameter value and a
corresponding minimum operational voltage Vpin.

Fig. 5 is a block diagram of a performance management system and a device that has its
operation controlled, in part, by the performance management system.

[0014] Like reference numbers and designations in the various drawings indicate like
elements.

DETAILED DESCRIPTION

[0015] The subject matter of this written description runs a series of power delivery network
characterization tests to establish a power delivery network resonance parameter value and a
minimum voltage Vpqin for the power delivery network. As used in this specification, a

resonance parameter value is data that is used by a performance management system to
preclude application of a performance operation in a manner that causes resonance in the
power delivery network. The resonance parameter value can be a value that specifies a
resonance frequency, a vector that describes a prohibited application pattern of an operation
that causes resonance, or any other data or value that can be used by a performance
management system to preclude applying performance operations in a manner that will induce
resonance in a power delivery network.

[0016] Once determined, the resonance parameter value is used to tailor throttling or any
other performance adjustment to ensure that the power delivery network resonance is not
stimulated. For example, after testing, the system precludes application of performance
operations in a pattern that has been determined to excite resonance in the power delivery



DK/EP 3737041 T3

network.
[0017] These features and additional features are described in more detail below.

[0018] Fig. 1 is a block diagram of a device 100 that includes a processing device 102 for
which performance can be adjusted by performance operations. The processing device 102 is
typically a die that is connected to packaging 104, which, in turn, is connect to a printed circuit
board 106. The printed circuit board 106 includes a voltage regulator 108 that provides power
supply voltages though conductors, e.g., conductors 110 and 112. For the sake of simplicity in
the illustrations, other components such as capacitors, inductors, resistors, ground planes and
other passive and active components are omitted from the drawings. As used in this
specification, the power delivery network includes the printed circuit board 106 and includes
the interconnects in the power supply path from the voltage regulator 108 (or multiple voltage
regulators) to the packaging 104 and processing device 102.

[0019] During operation of the processing device 102, various performance operations may be
applied to the processing device 102. These operations may be applied to reduce peak
current, reduce temperature, or any other reason that is appropriate for altering performance
of the processing device 102. Examples of such operations include clock swallowing, zero op
insertions, and the like. Other performance operations to increase or decrease performance of
the processing device 102 may also be used.

[0020] Often the performance operations are applied according to various sequences,
examples of which are shown in Fig. 2, which is a set of timing diagrams illustrating the
application of a performance operation at two different sequences. The timing diagram 200
illustrates a system clock with a period of TO. This is an unaltered system clock that may be
used, for example, when the processing device 102 is to be operated at full capacity.

[0021] The timing diagram 204 illustrates the same system clock, but with one clock pulse of
every three swallowed, as indicated by the dashed clock pulses. This effectively reduces the
capacity of the processing device by 33%. Such an application of a performance operation
according to this pattern - every third clock pulse swallowed - may be used to reduce
temperature in the processing device 102. The period of this pattern is T1, which is equal to

3*T0O. The timing diagram 206 illustrates the same system clock, but with two clock pulses
swallowed, as indicated by the dashed clock pulses. Here the period is T2, which is equal to

4*T0.

[0022] Due to the swallowing of clock pulses, the load current in the processing device 102 will
be reduced for the duration for which the swallowing operations are applied to the processing
device 102. However, altering the load current according to a certain application pattern may
result in frequency components that excite resonance in the power delivery network. This is
illustrated in Fig. 3, which illustrates timing diagrams of a load current and a corresponding
induced resonance resulting from the application of a performance operation in a manner that
causes resonance in the power delivery network. Timing diagram 300 includes a trace 302 that



DK/EP 3737041 T3

illustrates the load current I over time. Such a load current may, for example, be the result of

the application of the clock swallowing operation according to the pattern illustrated in timing
diagram 206 of Fig. 2.

[0023] This particular load current results in resonance excitation in the power delivery
network, and the resulting voltage V; in the power delivery network is illustrated in timing

diagram 310. Over time, the voltage V; experience resonance, as illustrated by the increasing

sinusoidal perturbation in the voltage trace 312. A voltage on the power delivery network that is
less than a droop threshold 314 may result in a power-related processing error in the
processing device 302.

[0024] One way to mitigate voltage droop induced errors is to add a DC margin to the voltage
Vi. However, while the margin may eliminate or reduce power-related processing errors

resulting from resonance, the resulting higher voltage increases power consumption, which, in
turn, increases total operational costs. The resonance aware performance management
described in this written description overcomes or reduces this inefficiency by reducing the
amount of margin required for the input voltage V, by learning the resonance characteristics of

the power delivery network and then precluding the application of performance operations in a
manner than excites resonance in the power delivery network. Accordingly, because
resonance conditions are reduced or eliminated, the resulting input voltage margin can be
reduced.

[0025] Fig. 4 is a flowchart of an example process 400 to determine a resonance parameter
value a corresponding minimum operational voltage Vpin. The process 400 may be performed

in a computer-controlled testbed that is configured to control the voltage of the power delivery
network and control the application of various performance operations to the processing device
102. The processing device 102 may execute a test process during the process 400, where
the test process causes the processing device 102 to perform at a particular capacity, e.g., at a
rated capacity of power consumption, for example.

[0026] The process 400 initializes a voltage level for a power delivery network to an initial
voltage level. The initial voltage level is greater than a level that is sufficient for the power
delivery network to provide adequate power to the processing device 102 without inducing a
power-related processing error. For example, assume that the minimum input voltage for the
processing device is 1.0 V; the power delivery network may be initialized to 1.3 V.

[0027] The process 400 runs a scanning vector for a performance operation (404). The
scanning vector defines testing data for sweeping a number of different periods (or application
patterns) of a performance operation. One way of doing this is applying the performance
operation to the processing device 102 at a number of different repetitive sequences. For

example, for a clock swallowing operation, 100 patterns may be tested. First, every 100" pulse

may be swallowed; then every 99" and 100! pulse may be swallowed, and so on, until only
one pulse out of every 100 is not swallowed. Other patterns may also be used, each with
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different periods.

[0028] The process 400 determines if a failure was induced for the scanning vector (406). For
example, for each repetitive sequence, the process determines whether the performance
operation applied to the processing device 102 at the repetitive sequence induces a failure
condition in the processing device 102. If a failure is not induced, another sequence is tested,
until either a failure occurs or the sequences are exhausted.

[0029] If the performance operation does not induce a failure condition in the processing
device 102 at any of the repetitive sequences, the process 400 reduces the iteration voltage
level by a step amount, resulting in a different iteration voltage. For example, assuming the
voltage was initialized at 1.3V for the first iteration and the scanning vector was successfully
run, the iteration voltage may be reduce by 50 mV, e.g., to 1.25 V. The process beings
performing another iteration at 404.

[0030] Conversely, if the performance operation does induce a failure condition in the
processing device 102 at any one of the repetitive sequences, the iterative testing ceases.
What constitutes a failure condition can vary. For example, a failure condition may occur when
the voltage on the power delivery network exceeds and overshoots a threshold amount, e.g., is
greater than the threshold 316 of Fig. 3. The overshoot threshold amount may be a scalar
value, or may be a percentage of the input voltage. Alternatively, the failure condition may
occur when the voltage on the power delivery network is less than the droop threshold amount,
e.g., is less than the threshold 314 of Fig. 3. The droop threshold amount may also be a scalar
value, or may be a percentage of the input voltage. In yet another alternative, the failure
condition may occur when the process device 102 experiences a processing error, which,
during such testing, is likely due to resonance-induced noise on the input voltage. Other failure
conditions can also be used, as can combinations of various failure conditions.

[0031] In response to ceasing the testing due to the processing error, the process 400
determines a resonance parameter value (410). As described above, the resonance
parameter value is data that is used by a performance management system to preclude
application of a performance operation in a manner that causes resonance in the power
delivery network. In some implementations, a resonance parameter value can be a value that
specifies a resonance frequency or period. For example, with reference to Fig. 2, the period T1
of timing diagram 206 may define a resonance frequency. Likewise, the period of the resulting
load current in the timing diagram 302 may be measured to determine a resonance frequency.
Alternatively, the parameter value may be a vector that describes a prohibited application
pattern of an operation that causes resonance. For example, with reference to Fig. 2, for a
clock swallowing operation, the process may generate a resonance parameter value that
specifies the application pattern of the timing diagram 206, i.e., for every four clock pulses,
swallow every third and fourth clock pulse. Any other data or value that can be used by a
performance management system to preclude applying performance operations in a manner
that will induce resonance in a power delivery network can also be used.
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[0032] Also in response to ceasing the testing due to the failure condition, the process 400
selects, for the device, an operational voltage level (412). The operational voltage level is for
the power delivery network and is based on the iteration voltage level for the iteration in which
the failure condition was induced. The power delivery network is then configured to provide
power at the selected operational voltage level. The operational voltage that is selected is, in
some implementations, the operational voltage level for the power delivery network for the
interation during which the performance operation induced a failure condition in the processing
device 102. In other implementations, a step margin may be implemented, and the operational
voltage level that is selected the iteration voltage level of an iteration immediately prior to the
iteration during which the performance operation induced a failure condition in the processing
device 102.

[0033] The resonance parameter value is then stored (414). For example, a performance
management system may access the resonance parameter value to tailor throttling or any
other performance adjustment to ensure that the power delivery network resonance is not
stimulated. This enables the performance management system to preclude application of
performance operations in a pattern that has been determined to excite resonance in the
power delivery.

[0034] In some implementations, precluding application of performance operations in a
manner that causes a failure condition to occur may include monitoring, during application of
performance operations, a period of a signal resulting from the application of the performance
operation. When the monitored period of the signal is equal to the period that causes a failure
condition to occur, a period of the application of the performance operation is adjusted so the
periods no longer match. In other words, a signal with a certain periodicity may be avoided to
preclude resonance. The signal that is monitored may be, for example, a clock signal, or a
corresponding load signal.

[0035] Fig. 5 is a block diagram of a performance management system 506 and a device 500
that has its operation controlled, in part, by the performance management system 506. The
device 500 may be that which is described in Fig. 1, for example. The performance
management system 506 may be any computer or processing device that is programmed to
manage performance of one or more processing devices 502. As described above, for a
particular device 500, the performance management system 506 may access a resonance
parameter value for the device 500 and, based on this value, tailor throttling or any other
performance adjustment to ensure that the power delivery network resonance is not
stimulated.

[0036] In some implementations, the performance management system 506 can receive
voltage and status feedback from the processing device 502 and learn the combination of the
minimum operational voltage Vp,, a precluded application patterns over time. This also results

in a smaller voltage margin than would be required without such learning, which, in turn, results
in costs savings. For example, each time the performance management system 506 applies a
pattern of performance operations, the performance management system 506 monitors for a
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failure condition. The failure conditions that are monitored may be those described above.
Over time, if no failures occur, the performance management system 506 may reduce the
power delivery network by a step amount, and then again begin to monitor for failure
conditions. Eventually, a failure occurs during the application of a performance operation
according to a particular sequence. The performance management system 506 may then set
the minimum power deliver network voltage to the current voltage (or increase it by a step
margin), and preclude further application of the performance operation according to the
pattern.

[0037] In some implementations, based on test statistics that are collected for a processing
device, e.g., different Vmin for different application periods or patterns, different margins can
be determined for different transients. The performance management system 506 can thus
increase a voltage prior to operations being applied that induce large transient load currents.
This ensures that the voltage for the processing device 502 has enough margin for the
transient load currents. The performance management system 506 can then reduce the
voltage when such load current is eliminated, thereby saving power.

[0038] Embodiments of the subject matter and the operations described in this specification
can be implemented in digital electronic circuitry, or in computer software, firmware, or
hardware, including the structures disclosed in this specification and their structural
equivalents, or in combinations of one or more of them. Embodiments of the subject matter
described in this specification can be implemented as one or more computer programs, i.e.,
one or more modules of computer program instructions, encoded on computer storage
medium for execution by, or to control the operation of, data processing apparatus.

[0039] A computer storage medium can be, or be included in, a computer-readable storage
device, a computer-readable storage substrate, a random or serial access memory array or
device, or a combination of one or more of them. Moreover, while a computer storage medium
is not a propagated signal, a computer storage medium can be a source or destination of
computer program instructions encoded in an artificially-generated propagated signal. The
computer storage medium can also be, or be included in, one or more separate physical
components or media (e.g., multiple CDs, disks, or other storage devices).

[0040] The term "data processing apparatus” encompasses all kinds of apparatus, devices,
and machines for processing data, including by way of example a programmable processor, a
computer, a system on a chip, or multiple ones, or combinations, of the foregoing. The
apparatus can include special purpose logic circuitry, e.g., an FPGA (field programmable gate
array) or an ASIC (application-specific integrated circuit). The apparatus can also include, in
addition to hardware, code that creates an execution environment for the computer program in
question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, a cross-platform runtime environment, a virtual
machine, or a combination of one or more of them. The apparatus and execution environment
can realize various different computing model infrastructures, such as web services, distributed
computing and grid computing infrastructures.
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[0041] The processes and logic flows described in this specification can be performed by one
or more programmable processors executing one or more computer programs to perform
actions by operating on input data and generating output. The processes and logic flows can
also be performed by, and apparatus can also be implemented as, special purpose logic
circuitry, e.g., a FPGA (field programmable gate array) or an ASIC (application-specific
integrated circuit).

[0042] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors
of any kind of digital computer. Generally, a processor will receive instructions and data from a
read-only memory or a random access memory or both. The essential elements of a computer
are a processor for performing actions in accordance with instructions and one or more
memory devices for storing instructions and data. Generally, a computer will also include, or be
operatively coupled to receive data from or transfer data to, or both, one or more mass storage
devices for storing data, e.g., magnetic, magneto-optical disks, or optical disks. However, a
computer need not have such devices. Moreover, a computer can be embedded in another
device, e.g., a mobile telephone, a personal digital assistant (PDA), a mobile audio or video
player, a game console, a Global Positioning System (GPS) receiver, or a portable storage
device (e.g., a universal serial bus (USB) flash drive), to name just a few. Devices suitable for
storing computer program instructions and data include all forms of non-volatile memory,
media and memory devices, including by way of example semiconductor memory devices,
e.g., EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or
removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor
and the memory can be supplemented by, or incorporated in, special purpose logic circuitry.

[0043] Another aspect of the subject matter described in this specification can be embodied in
systems and methods for resonance aware performance management of processing devices.
In one aspect, a method includes iteratively testing a performance operation for the processing
device, wherein each iteration is performed at an iteration voltage level for a power delivery
network. The performance operation is applied at different application periods and at the
iteration voltage level for the iteration. If no failure condition is met, the iteration voltage is
reduced and another iteration is done. Upon a failure occurring at a particular application
period, an operational voltage level for the power delivery network that is based on the iteration
voltage level for the iteration in which a failure condition was induced is selected, and
application of the performance operation at the particular application period is precluded.

[0044] Similarly, while operations are depicted in the drawings in a particular order, this should
not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the embodiments
described above should not be understood as requiring such separation in all embodiments,
and it should be understood that the described program components and systems can
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generally be integrated together in a single software product or packaged into multiple
software products.

[0045] Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions recited in
the claims can be performed in a different order and still achieve desirable results. In addition,
the processes depicted in the accompanying figures do not necessarily require the particular
order shown, or sequential order, to achieve desirable results. In certain implementations,
multitasking and parallel processing may be advantageous.
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Patentkrav
1. Computerimplementeret fremgangsmade, der omfatter:
initialisering (402) af et spendingsniveau for et
effektforsyningsnetvark (504) til et indledende

spendingsniveau, der er stgrre end et niveau, som er
tilstraekkeligt til, at effektforsyningsnetvarket (504) kan
levere tilstrekkelig effekt til en behandlingsindretning (502)
uden at inducere en effektrelateret behandlingsfejl som fglge
af en resonans i effektforsyningsnetvearket,

hvor behandlingsindretningen (502) er forbundet til
effektforsyningsnetvaerket (504)

iterativ anvendelse (404) af en udfgrelsesoperation pa
behandlingsindretningen (502), hvor hver iteration udfgres ved
et iterationsspandingsniveau for effektforsyningsnetvarket
(504), hvor hvert iterationsspendingsniveau er forskelligt fra
ethvert andet iterationsspaendingsniveau, og det forste
iterationsspandingsniveau er indstillet til det indledende
spendingsniveau, idet hver iteration omfatter:

anvendelse (404) af udfgrelsesoperationen pa

behandlingsindretningen ved en flerhed af forskellige gentagne

sekvenser

for hver gentagne sekvens, bestemmelse (406) af, om den
udfgrelsesoperation (404), der anvendes pa
behandlingsindretningen (502) ved den gentagne sekvens,

inducerer en fejltilstand i behandlingsindretningen (502), hvor
fejltilstanden opstar, nar behandlingsindretningen oplever den
effektrelaterede behandlingsfejl

hvis udfgrelsesoperationen ikke inducerer en fejltilstand i
behandlingsindretningen (502) ved nogen af de gentagne
sekvenser, reducering (408) af iterationsspandingsniveauet med
en trinstegrrelse og udfgrelse af en anden iteration, og

hvis udfgrelsesoperationen inducerer en fejltilstand i
behandlingsindretningen (502) ved en hvilken som helst af de
gentagne sekvenser, standsning af den iterative testning

som svar pd standsning af den iterative testning:
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udvaelgelse (412) af et driftsspandingsniveau for
effektforsyningsnetvarket (504), der er baseret ra
iterationsspendingsniveauet for den iteration, hvori
fejltilstanden blev induceret

bestemmelse (410) af en resonansparametervaerdi baseret pa

anvendelse (404) af udfgrelsesoperationen wved den gentagne

sekvens, for hvilken fejltilstanden blev induceret i
behandlingsindretningen (502), hvor resonansparameterverdien
indehclder en vektor, der beskriver et forbudt

anvendelsesmgnster i en operation af udfgrelsesoperationen, der
forarsager resonansen 1 effektforsyningsnetvarket (504), og

drift af behandlingsindretningen (502) pa en made, at anvendelse
af operationen af de udfgrelsesoperationer, der inducerer

fejltilstande, er udelukket baseret pa

resonansparameterverdien.

2. Computerimplementeret fremgangsmdde ifglge krav 1, hvorved:
anvendelse (404) af udfgrelsesoperationen pa
behandlingsindretningen (502) ved en flerhed af forskellige
gentagne sekvenser omfatter anvendelse (404) af
udfgrelsesoperationen pa& behandlingsindretningen (502) ved en
flerhed af forskellige anvendelsesperioder og ved
iterationsspendingsniveauet for iterationen

bestemmelse af, om udfgrelsesoperationen anvendt (404) pa
behandlingsindretningen (502) ved den gentagne sekvens inducerer
en fejltilstand i Dbehandlingsindretningen (502), omfatter
bestemmelse (406) af, om udfgrelsesoperationen anvendt (404) pa
behandlingsindretningen (502) ved en anvendelsesperiode
inducerer en fejltilstand i behandlingsindretningen (502), og
bestemmelse (410) af en resonansparametervaerdi baseret pa
anvendelsen (404) af udfgrelsesoperationen ved den gentagne
sekvens omfatter bestemmelse (410) af resonansparameterverdien
baseret pa den anvendelsesperiode, hvorunder en fejltilstand

blev induceret i behandlingsindretningen (502).

3. Computerimplementeret fremgangsmdde ifglge krav 2, hvorved
udelukkelse af anvendelse af udfgrelsesoperationer pad en made,

der far en fejltilstand til at opsta, omfatter:
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overvagning under anvendelse (404) af udfgrelsesoperationer af
en periode af et signal, der er et resultat af anvendelsen af
udfgrelsesoperationen, og

justering af en periode af anvendelsen (404) af
udfgrelsesoperationen for at @ndre perioden af signalet, nar den
overvagede periode af signalet er lig med den periode, der far

en fejltilstand til at opsta.

4, Computerimplementeret fremgangsmade ifelge krav 3,
hvorved signalet er et klokkesignal, eller

hvorved signalet er et belastningsstrgmsignal.

5. Computerimplementeret fremgangsmdde ifglge krav 2, hvorved
bestemmelse (406) af, om udfgrelsesoperationen anvendt (404) pa
behandlingsindretningen (502) ved anvendelsesperioden inducerer

en fejltilstand i behandlingsindretningen (502), omfatter:

bestemmelse af (406), at der opstdr en driftsfejl 1
behandlingsindretningen (502), mens udfgrelsesoperationen
anvendes (404) ra behandlingsindretningen (502) i

anvendelsesperioden.

6. Computerimplementeret fremgangsmdde ifglge krav 2, hvorved
bestemmelse (406) af, om udfgrelsesoperationen anvendt (404) pa
behandlingsindretningen (502) ved anvendelsesperioden inducerer
en fejltilstand i behandlingsindretningen (502), omfatter:

maling af et spandingsniveau pa behandlingsindretningen (504),
mens udfgrelsesoperationen anvendes (404) pa

behandlingsindretningen (502) ved anvendelsesperioden

bestemmelse af, at spendingsniveauet pa
effektforsyningsnetvaerket (504) &@&ndrer sig med mindst en
terskelmengde, mens udfgrelsesoperationen anvendes (404) pa

behandlingsindretningen ved anvendelsesperioden, og

som svar pad Dbestemmelsen af, at spaendingsniveauet pa
effektforsyningsnetvarket (504) &ndrer sig med mindst
terskelmengden, mens udfgrelsesoperationen anvendes (404) pa
behandlingsindretningen (502) ved anvendelsesperioden,

bestemmelse af (406), at udfgrelsesoperationen anvendt (404) pa
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behandlingsindretningen (502) ved anvendelsesperioden inducerer

fejlen.

7. Computerimplementeret fremgangsmade ifelge krav 6,

hvorved spazndingsniveauet pa effektforsyningsnetverket (504) er
iterationsspendingsniveauet, eller

hvorved bestemmelsen af, at spendingsniveauet pa
effektforsyningsnetvarket (504) &ndrer sig med mindst
terskelmengden, mens udfgrelsesoperationen anvendes (404) pa
behandlingsindretningen (502) ved anvendelsesperioden, omfatter
bestemmelse af, om spendingsniveauet pa
effektforsyningsnetvarket (504) gges med mindst en
overskridelsestaerskelmengde, eller

hvorved bestemmelsen af, at spendingsniveauet pa
effektforsyningsnetvarket (504) &ndrer sig med mindst
terskelmengden, mens udfgrelsesoperationen anvendes (404) pa
behandlingsindretningen (502) ved anvendelsesperioden, omfatter
bestemmelse af, om spandingsniveauet pd effektforsyningsnetveark

(504) falder med mindst en overskridelsestarskelmengde.

8. Fremgangsmade ifeglge krav 1, der ydermere omfatter:
konfigurering af effektforsyningsnetvaerket (504) til at levere
den udvalgte driftsspending, og

forhindring af anvendelse af udfgrelsesoperationen ved den

gentagne sekvens, hvorunder fejltilstanden blev induceret.

9. Computerimplementeret fremgangsmade ifelge krav 2,

hvorved det driftsspendingsniveau, der udvaelges for
effektforsyningsnetvarket (504), er iterationsspazndingsniveauet
for den iteration, hvorunder udfgrelsesoperationen inducerede
(406) en fejltilstand i behandlingsindretningen (502) wved en
anvendelsesperiode, eller

hvorved det driftsspendingsniveau, der udvaelges for
effektforsyningsnetvarket (504), er iterationsspazndingsniveauet
for en iteration umiddelbart fgr den iteration, hvorunder
udfgrelsesoperationen inducerede (4006) en fejltilstand 1

behandlingsindretningen (502) ved en anvendelsesperiode.
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10. Computerimplementeret fremgangsmade ifglge krav 1,
hvorved udfgrelsesoperationen er en omgdelse af uret, eller

hvorved ydelsesoperationen er en zero—-op-operation.

11. Anordning, der omfatter:

et effektforsyningsnetvaerk (504)

en behandlingsindretning (502), der er forbundet til
effektforsyningsnetverket (504), for at modtage effekt fra
effektforsyningsnetverket (504), og

et udfgrelsesforvaltningssystem (506), der er forbundet til
behandlingsindretningen (502), og som er konfigureret til at
udfore en udfgrelsesoperation, for at &ndre
behandlingsindretningens (502) behandlingsudfgrelse, hvor
udfgrelsesforvaltningssystemet (506) indeholder logik, der er
konfigureret til at fa& udferelsesforvaltningssystemet (506) til
at anvende (404) vudfgrelsesoperationen ved en flerhed af
gentagne sekvenser og til at betjene behandlingsindretningen
(502) pa en made, der udelukker anvendelse af en operation af
udfgrelsesoperationen, der inducerer fejltilstande baseret pa
en resonansparameterverdi

hvor:

effektforsyningsnetvarket (504) er konfigureret til at levere

effekt til behandlingsindretningen (502) ved et
driftsspendingsniveau, som er valgt baseret pd udfgrelse af en
iterativ test gennem gentagen reduktion (408) af et
iterationsspaendingsniveau, indtil en fejltilstand i
behandlingsindretningen opstar under anvendelse af

udfgrelsesoperationen pd behandlingsindretningen, og valg (412)
af driftsspendingsniveauet baseret pa
iterationsspendingsniveauet for en iteration, hvor
fejltilstanden blev induceret, og

resonansparametervaerdien indeholder en vektor, der beskriver et
forbudt anvendelsesmgnster for udfgrelsesoperationen, der
fordrsager en resonans 1 effektforsyningsnetvaerket (504)
anvendelse (404) af udfgrelsesoperationen wved hver sekvens i
flerheden af forskellige gentagne sekvenser ikke inducerer en

fejltilstand i behandlingsindretningen (502).
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12. Anordning ifglge krav 11, hvor fejltilstanden i
behandlingsindretningen (502) omfatter en driftsfe]jl, der opstar
i behandlingsindretningen, mens udfgrelsesoperationen anvendes
(404) pa& Dbehandlingsindretningen (502) ved den specifikke

gentagne sekvens.

13. Anordning ifglge krav 11, hvor fejltilstanden i
behandlingsindretningen (502) omfatter et spaendingsniveau pa

effektforsyningsnetvaerket (504), der &ndrer sig med mindst en

terskelmengde, mens udfgrelsesoperationen anvendes (404) pa
behandlingsindretningen (502) wved den specifikke gentagne
sekvens.

14. Anordningen ifglge krav 13,
hvor terskelmengden er en overskridende tarskelmengde, eller

hvor terskelmengden er en faldende terskelmengde.

15. Anordningen ifglge krav 11,
hvor udfgrelsesoperationen er en omgdelse af uret, eller

hvor udfgrelsesoperationen er en zero-op-operation.
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