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Supplementary TextFig. S1. Matched-filter deformation geometry. (A) Canonical 301-tap RRC matched-filter response at 12 samples per symbol, shown against time in unit intervals. (B) Four representative modes from the frozen 64-mode smooth tapered discrete-cosine deformation family. The zero-deformation state is exactly the response in (A); controllers select bounded mode amplitudes rather than synthesizing an unconstrained waveform filter

Deformation geometry and blind state
The deformable receiver retains the canonical 301-tap matched filter at 12 samples per symbol as its exact zero state. Controllers act only through a frozen family of 64 smooth tapered modes (Fig. S1). Both controllers receive the same 26 blind descriptors, divided into scalar, moment, autocorrelation, and polyphase groups (Fig. S2). This common representation allows linear and MLP control to be compared through the same waveform-processing structure.
Independent repeat and adaptation-state diagnostics
The partial experiment repeat used newly acquired physical waveforms while retaining the prespecified receiver architecture and schedule. Seeds and waveform blocks are repeated algorithmic observations, not independent hardware replicates. Clean-condition trajectories reproduce across the two acquisitions (Fig. S3), and the condition-resolved summary demonstrates changing controller advantages (Fig. S4). Small excursions coincide with the first activation of the late-trust constraint after its 24-block grace period (Fig. S9). This timing is consistent with deterministic projection and subsequent readaptation; no matched-capture no-update counterfactual is claimed.
Transmitter controls and factorial boundary condition
The same frozen transmitter deformation is tested at all three held-out roll-offs and all 144 paired physical evaluations (Fig. S5). The additional contribution of delayed online transmitter adjustment is evaluated separately in Fig. S5C. The factorial experiment (Fig. S6) establishes that this pulse is largely redundant after receiver adaptation under moderate distortion, motivating the severity sweep in main Fig. 3.
Persistence controls
The rapid-switching sequence intentionally changes impairment nearly every HIL round and is used only to test bounded state carry-over (Fig. S7). The randomised stationary-dwell experiment provides the convergence control used for the main performance interpretation (Fig. S8). Full receiver-only, two-sided, and baseline trajectories from the uninterrupted 24-hour run, condition-resolved late-window performance, and a representative internal state trace are provided in Figs. S10 to S12.



Fig. S2. Frozen blind receiver-state vector. Composition of the 26-element state supplied identically to MLP and linear controllers: six scalar descriptors, two moment descriptors, six short-lag autocorrelation descriptors, and twelve polyphase-energy descriptors. No payload samples, transmitted symbols, modulation labels, or impairment labels are included.

Fig. S3. Independent physical repeat of clean-condition receiver qualification. (A) Mean EVM trajectories for MLP and linear Rx-DMFs in the first experiment and the independently acquired experiment repeat. (B) Corresponding EVM difference from the matched persistent FSE; negative values indicate lower EVM for the DMF. At each HIL index, controller seeds and captures are first averaged within each run and roll-off. Error bars are 95% t-confidence half-widths across the three roll-off clusters. Seeds and waveform blocks are repeated measurements, not independent hardware replicates.




Fig. S4. Controller-dependent operating advantages within one receiver structure. Condition-resolved relative EVM reduction versus the persistent FSE during C12 qualification. Values are descriptive means across the stored matched capture, controller-seed, and block observations for each impairment class. The relative performance of MLP and linear control varies with impairment class; the underlying repeated observations are not treated as independent physical replicates.




Fig. S5. Held-out transmitter qualification and residual online adaptation. (A) Mean relative EVM reduction of the frozen Tx-DMF pulse at held-out roll-offs of 0.15, 0.25, and 0.35. (B) Paired Tx-DMF and conventional RRC EVM for all 144 held-out evaluations; every point lies below the line of equality. (C) Incremental relative EVM reduction produced by continued delayed transmitter adaptation using MLP and linear controllers beyond the frozen pulse. Bars show means across four controller seeds and error bars show seed standard deviations.




Fig. S6. Moderate-condition factorial interaction. Conditional transmitter benefit in EVM percentage points for a fixed matched-filter receiver and MLP- or linear-controlled Rx-DMF. Each colored point is one of the five prespecified physical condition clusters; black diamonds show their means. The fixed Tx-DMF pulse provides a consistent benefit with the fixed receiver, whereas its additional contribution is centred close to zero with MLP receiver adaptation and is mildly negative with linear control under these moderate conditions.




Fig. S7. Adversarial rapid-switching stress test. (A) EVM during the first 50 rounds of a 180-round sequence in which impairment condition changes nearly every HIL round. Adaptive state persists without condition labels or transition resets. (B) Condition-resolved EVM across the complete sequence for the fixed matched filter, FSE, transmitter-only DMF, and receiver-only and two-sided MLP- and linear-controlled systems. The experiment tests bounded state carry-over under hostile switching; it is not interpreted as a convergence experiment or a model of realistic channel evolution. Combined-condition labels x/y denote bandwidth fraction x followed by nonlinear strength y

Fig. S8. Two-sided trajectories during randomised stationary dwells. Complete EVM trajectories of the fixed matched-filter baseline, persistent FSE, and two-sided MLP- and linear-controlled systems during the 108-round randomised dwell experiment. The five physical conditions remain fixed for 12, 12, 48, 12, and 24 consecutive rounds, respectively. No adaptive state is reset at a dwell boundary. Combined-condition labels x/y denote bandwidth fraction x followed by nonlinear strength y.







[image: ]Fig. S9. Adaptation-state origin of reproducible transient excursions. (A) Local block-level DMF-minus-FSE excursion versus the maximum filter-step norm in the two clean-condition C12 physical repeats. (B) Excursion at the first block for which the prespecified 24-block grace interval has expired and the late-trust constraint becomes active (grace age 25), shown separately for MLP and linear control. The local excursion is the current DMF-minus-FSE residual minus the mean of its immediately preceding and following residuals within the same persistent stream. Points include repeated seeds, captures, roll-offs, and blocks and are therefore descriptive rather than independent experimental replicates. The alignment supports attribution to structured adaptation dynamics but is not a no-update counterfactual test.




Fig. S10. Complete receiver-only, two-sided, and fixed-filter trajectories over 24 hours. (A) MLP- and linear-controlled Rx-DMF and joint Tx-DMF/Rx-DMF trajectories across all six physical channel epochs. (B) Fixed matched-filter, persistent FSE, and transmitter-only Tx-DMF/MF trajectories from the same uninterrupted run. Each controller trace is the per-round mean across four persistent seeds; all 542 completed rounds are shown. Combined-condition labels x/y denote bandwidth fraction x followed by nonlinear strength y.




Fig. S11. Condition-resolved late-quarter performance during 24-hour operation. Late-quarter EVM for the fixed-filter baselines and the MLP- and linear-controlled receiver-only and two-sided systems in each of the six physical channel epochs. Each value is the arithmetic mean over the prespecified final quarter of that epoch. The repeated bandwidth-0.70 visit provides the long-horizon return control and exposes persistent FSE divergence after severe intervening distortion. Combined-condition labels x/y denote bandwidth fraction x followed by nonlinear strength y.





Fig. S12. Representative persistent receiver-state dynamics. Block EVM, cumulative filter-path length, deformation norm, late-trust projection count, and restart count for one representative RRC-transmitter PR4 combined link controlled by the MLP (seed 3234). The trajectory shows continued movement within a bounded deformation neighborhood across the six physical epochs. Projection and restart counts are internal stabilisation events, not scheduled responses to condition transitions.


image6.emf

image7.emf

image8.emf

image9.emf

image10.emf

image11.emf

image12.emf

image13.emf

image14.emf

image15.emf

image16.emf

image17.emf

image18.emf

image19.emf

image20.emf

image21.emf

image22.emf

image23.emf

image24.emf

image180.emf

image1.png
Nominal Amplitude

Basis Amplitude

-0.04 -

-0.08 |- u

0.4 LIS L N D I B | [TrTrrrrr I

03F

0.2F

0.1F

_0.1 oo [N [N Lo i1 Lo i1 I 1

—— Nominal Pulse|]

0.12 e e

0.08 -

0.04 —

0.00

!

U

U

!

U

[0 Jy [ e e e L





image2.png
Nominal Amplitude

Basis Amplitude

-0.04 -

-0.08 |- u

0.4 LIS L N D I B | [TrTrrrrr I

03F

0.2F

0.1F

_0.1 oo [N [N Lo i1 Lo i1 I 1

—— Nominal Pulse|]

0.12 e e

0.08 -

0.04 —

0.00

!

U

U

!

U

[0 Jy [ e e e L





image3.png
Number of Features

14

=y
N

=y
o

Scalar

Moment Autocorrelation

Feature Group

Polyphase





image4.png
Number of Features

14

=y
N

=y
o

Scalar

Moment Autocorrelation

Feature Group

Polyphase





image5.emf

