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Extended Data Fig. 3| NIST TI-46 spoken-digit and PutEMG hand gestures ten voices. The recognition accuracy is 95.40%. f, Preprocessing of the raw signal
recognition task. a, Preprocessing of the raw signal data by feature extraction databy feature extraction and masking, then converting it to the input voltage
and masking, then converting it to the input voltage of the device. b, One of the ofthe device. g, One of the input time frames to be applied to devicesand h,
input time frames to be applied to devices and ¢, the corresponding outputs of the corresponding outputs of the HIRE. i, Output weight matrix. j, Recognition
the HIRE. d, Output weight matrix. e, Recognition results (confusion matrix) for results (confusion matrix) for seven gestures. The recognition accuracy is 92.14%.
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Extended Data Fig. 4 | PutEMG-Force grasp force and MNIST recognition task.
a, Preprocessing of the raw signal data by feature extraction and masking, then
converting it to the input voltage of the device. b, One of the input time frames
to be applied to devices and ¢, the corresponding outputs of the HIRE. d, Output
weight matrix. e, Recognition results (confusion matrix) for five types of grips.
Therecognition accuracy is 98.00%. f, Preprocessing of the raw signal data by

feature extraction (Gabor convolution results) and masking, then converting it
totheinput voltage of the device. g, One of the input time frames to be applied
todevices and h, the corresponding outputs of the HIRE. i, Output weight
matrix. j, Recognition results (confusion matrix) forimages of ten numbers.
Therecognitionaccuracy is 90.63%.
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Extended DataFig. 5| COVID-19 and ovarian cancer detection task.

a, Preprocessing of the raw signal data by feature extraction (Gabor convolution
results) and masking, then converting it to the input voltage of the device.

b, One of the input time frames to be applied to devices and ¢, the corresponding
outputs of the HIRE. d Output weight matrix. e, Recognition results (confusion
matrix) for three cases. The recognition accuracy is 90.30%. f, Preprocessing

of the raw signal data by masking, then converting it to the input voltage of
the device. g, One of the input time frames to be applied to devices and h, the
corresponding outputs of the HIRE. i, Output weight matrix. j, Recognition
results (confusion matrix) for diseased and non-diseased patients. The
recognition accuracy is 96.67%.
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Extended Data Fig. 6 | ECG diagnosis task. a, Different mask matrices applied to
Sdevices based on decay-based positive integer sequences. b, Input sequences
after mask matrix processing. ¢, One of the input time frames applied to devices
andd, the corresponding outputs of the HIRE. e, Output weight matrix.

f, Recognition results (confusion matrix) for healthy and arrhythmic heartbeats
with recognition accuracy of 98.31%. g, Different mask matrices applied

to 24 devices based on +1binary sequences. h, Input sequences after mask
matrix processing. i, One of the input time frames applied to devices and j, the
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corresponding outputs of the HIRE. k, Output weight matrix. I, Recognition
results (confusion matrix) for healthy and arrhythmic heartbeats with
recognition accuracy of 96.13%. The proposed method employs a 3D decay-based
positive integer sequence input mask, where 3D refers to the dimensionality of
the mask matrix. This approach generates more complex and separable reservoir
states, thereby enabling high-accuracy linear regression while maintaining low
computational complexity.
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Extended Data Fig. 7 | Iris and human action recognition task. a, Preprocessing
ofthe raw signal data by masking, then converting it to the input voltage of

the device. b, One of the input time frames to be applied to devices and ¢, the
corresponding outputs of the HIRE. d, Output weight matrix. e, Recognition
results (confusion matrix) for three species of iris flowers. The recognition
accuracy is 95.44%. f, Preprocessing of the raw signal data by masking, then

converting it to the input voltage of the device. g, One of the input time frames
tobeapplied to devices and h, the corresponding outputs of the HIRE. The first
100 points were selected for the waveform to be visible. i, Output weight matrix.
Jj, Recognition results (confusion matrix) for 27 human actions. The recognition
accuracy is 94.20%.
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Extended DataFig. 8| pH-dependent device characteristics. a, Impedance-
frequency relationship of original samples under different pH environments.

b, Nyquist plots. ¢, Vour-Viy hysteresis curves. d, - Vy characteristics. e, Output

responses triggered by electrical pulses (0.2 s duration) with input amplitudes
ranging from 0.1V to1V.lllustrationin a created in BioRender. Pei, M.
https://BioRender.com/s5u94ya (2026).
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Extended DataFig. 9| Closed-loop neural stimulation control and
biocompatibility assessment. a, Process flow for controlling rat sciatic ne
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time series inputs under different pH conditions during voice command (‘Run’)

recognition tasks. ¢, Recognition results under identical input command
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sequences for open-loop and closed-loop systems. d, The responses of the
hydrogel reservoir to the same time series inputs before (green) and after
(yellow) implantation. e, Confusion matrix for the spoken recognition task.

f, H&E-stained sections (scale bar: 50 pm) of major organs from the sacrificed
rat 9 days after implantation. lllustration in a created in BioRender. Pei, M.
https://BioRender.com/io6ouei (2026).
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Extended Data Fig. 10 | Characterization of devices and demonstration of
computing tasks using fully biocompatible devices. a, Schematicillustration
of PDMS-based soft device. b, V- V;y hysteresis loops and corresponding input
current. ¢, Response to electrical pulse stimulation with different amplitudes
ranging from 0.1to1V and pulse width of 0.2 s. d, Forecasting results of the
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Classification task

Mackey-Glass time series, where the pink line represents the actual data to be
estimated and the black dotted line represents the predicted output based on the
device model. e, 2-D display of the predicted results. f, Classification accuracy

for nine different intelligent tasks using standard datasets. Data are presented as
mean values + SD with n =10 (10-fold cross-validation).
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Reporting on sex and gender The study did not involve human participants.

Population characteristics N. A
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No sample size calculations were performed. Sample size was determined by the number of biological and technical replicates to confirm that
the effect was real. The number of biological replicates was 3-6 with several technical replicates in each sample.

Data exclusions | No data was excluded from the analysis.

Replication All experiment findings, including electrochemical testing, electrical characterization, mechanical characterization, SEM images, cell-related
measurements, and living animal measurements were reliably reproduced for 3-6 times.

Randomization  Inthe reported experiments, each group consisted of identically engineered samples. The work does not involve participant groups.
Therefore, randomization was not relevant the study.

Blinding Blinding was not relevant to our experiments as the results of device capability, cell response and the movement of mouse leg were
quantitative and did not involve subjective judgement or interpretation.
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Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

Adult rats (Sprague Dawley rats, Anuokang Biotech) were used in the study. Rat are housing at Jinling Hospital, Affiliated Hospital of
Medical School, Nanjing University at temperature of 22 oC, 40%-60% humidity.

The study did not involve wild animals.
Sex based analysis was not performed in the study because this study did not involve sex-related variables.
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Animal experiments were approved by Jinling Hospital, Affiliated Hospital of Medical School, Nanjing University (NO.
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

>
QO
L
c
)
e,
o)
=
o
=
—
@
S,
o)
=
>
Q
wv
C
3
3
QO
<






