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I. SENSITIVITY STUDY

As was mentioned in the main manuscript, while an accurate and precise control of

element permittivity by varying discharge current is possible in theory, in practice a number

of factors (such as thermal variation, mechanical/electrical error, etc.) can lead to small

unknown perturbations in discharge current ∼ 1 - 5%, which leads to density perturbations

of about the same order of magnitude relative to the nominal density. Thus, if one wishes

to translate these designs to a physical device, such perturbations must be accounted for.

This can be done in one of three ways: 1) random noise can be programmed into the

learning algorithm itself at greater computational cost, 2) the device can be trained in-situ

which would automatically take experimental noise within the apparatus into account, or

3) one can optimize the device as we have done in this study (i.e. without taking any noise

into account) and then do a sensitivity test on the optimized parameters to determine how

resistant the resultant designs are to perturbations in plasma density. In this supplemental

document, we will be carrying out the third option.

The manner in which we conduct this sensitivity study is as follows: Since the elements of

the device would be individually controlled in practice, we will add mean-zero independently

distributed Gaussian noise to the density of each element with a standard deviation σ =

p
√
ne where p represents a ’perturbation factor’ that sets the variance of the random noise.

If p = 0.05, we can expect variation in plasma density amongst the columns on the order of

∼ 5% of the plasma density in each individual column. This is the same as reassigning the

plasma density of each element according to

ne,perturbed =
∣∣ne,opt +N (0, p2)ne,opt

∣∣ ,
where the absolute value is applied so we don’t end up with non-physical negative densities

when the Gaussian values are spuriously large and negative. For each device, we run 10

different random perturbations with the same value for p and increase p in increments of

0.01 (1%) until we see a significant failure mode in at least 3 of the 10 runs (in the logic gate

case, since the device is the most sensitive of the study, p is increased in increments of 0.001

to more precisely determine the onset of device failure). For a failure mode to be deemed

’significant’, we require a qualitatively obvious degradation of the objective functionality
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where we either have much less signal in the correct output waveguide or a large amount of

loss to the surroundings/incorrect exit waveguides, or both. The dominant and/or typical

failure mode amongst the 3 or more dysfunctional perturbed devices will be presented here

in this document alongside the original design to illustrate how robust each device is and

how the device functionality will deteriorate if the plasma density is perturbed to a high

enough degree.

3



A. Waveguides

The waveguides, in both the low and high frequency cases, are very robust to perturba-

tions in plasma density. Among all the cases in the TM polarization, random perturbations

on the order of 25 - 45% are necessary to significantly degrade the performance of the device

when compared to the optimal design. The TE cases are less resistant to random pertur-

bations but still require ∼ 4 - 25% perturbations to result in degraded performance. In

particular, the low-frequency TE cases suffer large losses when subjected to random pertur-

bations; this is most likely due to enhanced coupling to surface modes. In Figs. 1 and 2

below, the optimal devices are shown alongside perturbation-degraded devices that represent

the dominant failure mode among the test cases.
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FIG. 1. Optimized and perturbed field intensity and permittivity for (a) the TM high frequency

waveguides (ω̃ = 1) and (b) the TM low frequency waveguides (ω̃ = 0.25). The p values setting

the variance are given above the arrows that link the optimized devices to the perturbed devices.
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Optimized
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FIG. 2. Optimized and perturbed field intensity and permittivity for (a) the TE high frequency

waveguides (ω̃ = 1) and (b) the TE low frequency waveguides (ω̃ = 0.25). The p values setting the

variance are given above the arrows that link the optimized devices to the perturbed devices.
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B. Demultiplexers

The demultiplexers also show strong resistance to perturbations, even holding up in the

TE operating mode. Except for the TE low-frequency demultiplexer which didn’t have a

convincing level of functionality to begin with, we need to perturb with p = 0.17 - 0.20

to see significant degradation of the device. The results for this sensitivity study for the

demultiplexer configuration can be seen in Figs. 3 and 4.
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FIG. 3. Optimized and perturbed field intensity and permittivity for (a) the TM high frequency

demultiplexers (ω̃1 = 1, ω̃2 = 1.1) and (b) the TM low frequency waveguides (ω̃1 = 0.25, ω̃2 = 0.27).

The p values setting the variance are given above the arrows that link the optimized devices to the

perturbed devices.

p = 0.01
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FIG. 4. Optimized and perturbed field intensity and permittivity for (a) the TE high frequency

demultiplexers (ω̃1 = 1, ω̃2 = 1.1) and (b) the TE low frequency waveguides (ω̃1 = 0.25, ω̃2 = 0.27).

The p values setting the variance are given above the arrows that link the optimized devices to the

perturbed devices.
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C. Logic Gates

As was mentioned above, the logic gates are the most sensitive devices presented in

this study, however they do show some resistance to plasma density perturbations. As we

described, in this case we incremented p by 0.001 to allow for a more precise determination

of the onset of degradation of the functionality of the device. The AND gate is shown

to be robust to density perturbations up to ∼1% while the OR gate is slightly stronger,

withstanding perturbations ∼1.7%. The results for this sensitivity study for the logic gate

configuration can be seen in Figs. 5 and 6.

p = 0.010

O
pt
im

iz
ed

Pe
rt
ur
be

d

AND

FIG. 5. Optimized and perturbed field intensity and permittivity for the AND gate, showing

break-down of the device functionality when p is increased to 0.010.
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p = 0.017
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FIG. 6. Optimized and perturbed field intensity and permittivity for the OR gate, showing break-

down of the device functionality when p is increased to 0.017.

II. CONCLUSION

The sensitivity study presented here suggests that for all but the most complicated objec-

tives, random perturbations in plasma density among the elements of a plasma metamaterial

are unlikely to be the bottleneck when it comes to experimental realization. Almost all de-

vice configurations are robust to perturbations much greater than 5%, and even the logic

gates, which are the most complicated, show resistance to perturbations up to 1-1.7%. With

sufficient care taken with the experimental design, this error tolerance could be satisfied

with existing technology.
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