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My journey (academically)

Aerial robots ‘14

Automotive ‘16

Thermo—Fluidic 
Processes ‘20

Neuroscience ‘22

System

Controller

Recurring theme:
• Interconnection of components

(position-dependent)
• Occurrence of natural or synthetic feedback

*Das et al (’14),
https://www.youtube.com/watch?v=dQrlFIgPilk&t=39s
*Das et al (’16), Optimal trajectory tracking control for
automated guided vehicles
*Das (’20), A digital twin for controlling thermo-fluidic
processes
*Das et al (’22), Oscillations in mixed-feedback systems
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Example: my PhD research

Print-quality → thermo-fluidic processes

1 Liquid temperature

2 Moisture and temperature of paper

Jetting Fixation

Interaction of solids and fluids

Theme of Research
Develop A Digital Twin for Controlling Thermo-Fluidic Processes (PhD thesis ’20)4 / 21
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• Multi-physics models in linear state-space form
• Synthesizing (-ve) feedback loop in 3-ways
• Computational tools from convex optimization5 / 21



Theme of my PhD research

Nj

Nr

Nk

Ni

Ej,r PDE

ODE

Spatially invariant

Spatially varying

Controller

−
• Multi-physics models in linear state-space form
• Synthesizing (-ve) feedback loop in 3-ways
• Computational tools from convex optimization5 / 21



Application: how feedback controls temperature of jetting liquid in printers

Nozzle

Lumping based model
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Application: how feedback controls temperature of jetting liquid in printers

Lumping based model

Without adding new sensors or actuators, by using negative feedback controller, fluctuation in liquid
temperature among nozzles is kept below ±0.3◦C
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My academic journey post PhD

Natural occurrences of +ve and −ve feedback

Linear 
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Membrane
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Ion Channels
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My academic journey post PhD

Natural occurrences of +ve and −ve feedback
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My academic journey post PhD: from classical feedback to mixed-feedback
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Thematic viewpoint: incremental I/O analysis

• Let us look at one element:

H
yx • The supplied energy (in incremental sense)

∆V :=
〈

x1 − x2, y1 − y2

〉
• H is incrementally passive if ∆V ≥ 0
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Thematic viewpoint: incremental I/O analysis

• Let us look at one element:

H
yx • The supplied energy (in incremental sense)

∆V :=
〈

x1 − x2, y1 − y2

〉
• H is incrementally passive if ∆V ≥ 0

+

+

In the language of operator theory
For causal operators, incremental passivity is synonymous to Monotonicity on signal space

(A positive change in the input should cause a positive change in the output)

*Minty(1960), “Monotone networks”
*Camlibel and Schumacher (2016), “Linear passive systems and maximal monotone mappings"10 / 21



My academic journey post PhD: study oscillations in mixed-feedback systems

Mix-signed feedback interconnection of monotone operators
= Difference of monotone operators

H

Gp

−Gn

+

vi

-

0 = H−1(v) + Gp(v) − i−Gn(v)︸ ︷︷ ︸
H, Gp, Gn are monotone
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My academic journey post PhD: study oscillations in mixed-feedback systems

Mix-signed feedback interconnection of monotone operators
= Difference of monotone operators

H

Gp

−Gn

+

vi

-

0 = H−1(v) + Gp(v) − i−Gn(v)︸ ︷︷ ︸
H, Gp, Gn are monotone

Takeaway: Connecting monotonicity and theory of optimization
• Computing output requires minimizing the difference of convex

function: leads to a locally convergent algorithm
• Scalable to larger networks by port-interconnection mixed-feedback

systems in series, parallel, and -ve feedback
• Operator-splitting algorithm allows for solving a large network of

mixed-feedback systems

*Das, Chaffey, and Sepulchre (’22): Oscillations in Mixed-Feedback System11 / 21



Part of my research plan for future: motivation

How control occurs in brain: understanding patterns that emerge from a cluster of neuron
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Part of my research plan for future: motivation

How control occurs in brain: understanding patterns that emerge from a cluster of neuron

Neuronal Signaling
• Patterns varies spatio-temporally
• Rhythmic, spiking, and bursting
• Ultra-sensitive
• Excitable
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Part of my research plan for future: theme

Develop a computational tool to analyze and synthesize mixed-feedback architecture for
robust modulation of spatio-temporal neuronal patterns
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Part of my research plan for future: theme

Develop a computational tool to analyze and synthesize mixed-feedback architecture for
robust modulation of spatio-temporal neuronal patterns
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f(·) :=

*Schiff (’21): Neural Control Engineering13 / 21



Part of my research plan for future: theme

Develop a computational tool to analyze and synthesize mixed-feedback architecture for
robust modulation of spatio-temporal neuronal patterns
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v(s, t)Passive 
RLC Circuit
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Integral operators
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f(·) :=

Physics-driven approach
How to synthesize Gp, Gn such that a specific pattern can be
generated?

Data-intensive approach
Given input output data, how to learn the mixed-feedback architecture
of a neural field?

*Schiff (’21): Neural Control Engineering

*Sepulchre (’22): Spiking Control Systems13 / 21



Part of my research plan for future: proposal for VENI’23
Synthesizing Gp, Gn
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Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�
<latexit sha1_base64="MRPOQbiveaeoqBtcRUlfqnm+2Gs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZbLYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I/xULCIEWys1I2qfRJKcz4oV9yaOwdaJV5OKpCjOSh/9UNJ0pgKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepQLHVPvZ/N4pOrNKiCKpbAmD5urviQzHWk/iwHbG2Iz0sjcT//N6qYmu/YyJJDVUkMWiKOXISDR7HoVMUWL4xBJMFLO3IjLCChNjIyrZELzll1dJ+6LmXdbq9/VK4yaPowgncApV8OAKGnAHTWgBAQ7P8ApvzqPz4rw7H4vWgpPPHMMfOJ8/ZfyPkA==</latexit>

f(·)
<latexit sha1_base64="GY3R4xoj0aKdBRs13EEnasIPLVU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQQcKuBPUY9OIxgnlAsoTZyWwyZnZmmekVQsg/ePGgiFf/x5t/4yTZg0YLGoqqbrq7wkRwg5735eRWVtfWN/Kbha3tnd294v5B06hUU9agSijdDolhgkvWQI6CtRPNSBwK1gpHNzO/9ci04Ure4zhhQUwGkkecErRSk5fNGZ72iiWv4s3h/iV+RkqQod4rfnb7iqYxk0gFMabjewkGE6KRU8GmhW5qWELoiAxYx1JJYmaCyfzaqXtilb4bKW1LojtXf05MSGzMOA5tZ0xwaJa9mfif10kxugomXCYpMkkXi6JUuKjc2etun2tGUYwtIVRze6tLh0QTijaggg3BX375L2meV/yLSvWuWqpdZ3Hk4QiOoQw+XEINbqEODaDwAE/wAq+Ocp6dN+d90ZpzsplD+AXn4xurgo6M</latexit>

i(s, t)
<latexit sha1_base64="bvDQOTS/yZGb6W+DmJmir5f21WE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQQcquFPVY9OKxgv2AdinZNNvGZpMlmS2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsY3c381phpw5V8hEnM/IgMJA85JWCl5rhsLuC8Vyy5FXcOvEq8jJRQhnqv+NXtK5pETAIVxJiO58bgp0QDp4JNC93EsJjQERmwjqWSRMz46fzaKT6zSh+HStuSgOfq74mURMZMosB2RgSGZtmbif95nQTCGz/lMk6ASbpYFCYCg8Kz13Gfa0ZBTCwhVHN7K6ZDogkFG1DBhuAtv7xKmpcV76pSfaiWardZHHl0gk5RGXnoGtXQPaqjBqLoCT2jV/TmKOfFeXc+Fq05J5s5Rn/gfP4Av3eOmQ==</latexit>

v(s, t)Passive 
RLC Circuit

Linear passive PDE/
Integral operators

<latexit sha1_base64="UgtaEZN6pMW9GhSHYvkdi1OImO0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFBVBKHrxWMF+YLuUbJptQ7PJkmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O/dYTVZpJ8WDGMfUjPBAsZAQbKz2G5S7pS3N6dd0rltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2cUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0fdRnihLDx5Zgopi9FZEhVpgYG1LBhuAtvrxMmmcV77xSva+WajdZHHk4gmMogwcXUIM7qEMDCAh4hld4c7Tz4rw7H/PWnJPNHMIfOJ8/agGQGw==</latexit>

f(·) :=
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Part of my research plan for future: proposal for VENI’23
Synthesizing Gp, Gn

<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�
<latexit sha1_base64="MRPOQbiveaeoqBtcRUlfqnm+2Gs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZbLYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I/xULCIEWys1I2qfRJKcz4oV9yaOwdaJV5OKpCjOSh/9UNJ0pgKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepQLHVPvZ/N4pOrNKiCKpbAmD5urviQzHWk/iwHbG2Iz0sjcT//N6qYmu/YyJJDVUkMWiKOXISDR7HoVMUWL4xBJMFLO3IjLCChNjIyrZELzll1dJ+6LmXdbq9/VK4yaPowgncApV8OAKGnAHTWgBAQ7P8ApvzqPz4rw7H4vWgpPPHMMfOJ8/ZfyPkA==</latexit>

f(·)
<latexit sha1_base64="GY3R4xoj0aKdBRs13EEnasIPLVU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQQcKuBPUY9OIxgnlAsoTZyWwyZnZmmekVQsg/ePGgiFf/x5t/4yTZg0YLGoqqbrq7wkRwg5735eRWVtfWN/Kbha3tnd294v5B06hUU9agSijdDolhgkvWQI6CtRPNSBwK1gpHNzO/9ci04Ure4zhhQUwGkkecErRSk5fNGZ72iiWv4s3h/iV+RkqQod4rfnb7iqYxk0gFMabjewkGE6KRU8GmhW5qWELoiAxYx1JJYmaCyfzaqXtilb4bKW1LojtXf05MSGzMOA5tZ0xwaJa9mfif10kxugomXCYpMkkXi6JUuKjc2etun2tGUYwtIVRze6tLh0QTijaggg3BX375L2meV/yLSvWuWqpdZ3Hk4QiOoQw+XEINbqEODaDwAE/wAq+Ocp6dN+d90ZpzsplD+AXn4xurgo6M</latexit>

i(s, t)
<latexit sha1_base64="bvDQOTS/yZGb6W+DmJmir5f21WE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQQcquFPVY9OKxgv2AdinZNNvGZpMlmS2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsY3c381phpw5V8hEnM/IgMJA85JWCl5rhsLuC8Vyy5FXcOvEq8jJRQhnqv+NXtK5pETAIVxJiO58bgp0QDp4JNC93EsJjQERmwjqWSRMz46fzaKT6zSh+HStuSgOfq74mURMZMosB2RgSGZtmbif95nQTCGz/lMk6ASbpYFCYCg8Kz13Gfa0ZBTCwhVHN7K6ZDogkFG1DBhuAtv7xKmpcV76pSfaiWardZHHl0gk5RGXnoGtXQPaqjBqLoCT2jV/TmKOfFeXc+Fq05J5s5Rn/gfP4Av3eOmQ==</latexit>

v(s, t)Passive 
RLC Circuit

Linear passive PDE/
Integral operators

<latexit sha1_base64="UgtaEZN6pMW9GhSHYvkdi1OImO0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFBVBKHrxWMF+YLuUbJptQ7PJkmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O/dYTVZpJ8WDGMfUjPBAsZAQbKz2G5S7pS3N6dd0rltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2cUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0fdRnihLDx5Zgopi9FZEhVpgYG1LBhuAtvrxMmmcV77xSva+WajdZHHk4gmMogwcXUIM7qEMDCAh4hld4c7Tz4rw7H/PWnJPNHMIfOJ8/agGQGw==</latexit>

f(·) :=

Parameterize with Partial Integral (PI) Operators

• What?
P{Ri}x(s) =

s∫
a

R1(s, θ)x(θ)dθ + R0(s)x(s) +
b∫

s

R2(s, θ)x(θ)dθ

• Where? PI to represent Gp, Gn in a class of neuronal models
• Why? Enforcing monotonicity on PI using LMIs and solving them
• How? Periodic nature of v is determined by the spectra of a matrix

underneath Gp − Gn
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Part of my research plan for future: proposal for VENI’23
Synthesizing Gp, Gn

<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�
<latexit sha1_base64="MRPOQbiveaeoqBtcRUlfqnm+2Gs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZbLYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I/xULCIEWys1I2qfRJKcz4oV9yaOwdaJV5OKpCjOSh/9UNJ0pgKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepQLHVPvZ/N4pOrNKiCKpbAmD5urviQzHWk/iwHbG2Iz0sjcT//N6qYmu/YyJJDVUkMWiKOXISDR7HoVMUWL4xBJMFLO3IjLCChNjIyrZELzll1dJ+6LmXdbq9/VK4yaPowgncApV8OAKGnAHTWgBAQ7P8ApvzqPz4rw7H4vWgpPPHMMfOJ8/ZfyPkA==</latexit>

f(·)
<latexit sha1_base64="GY3R4xoj0aKdBRs13EEnasIPLVU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQQcKuBPUY9OIxgnlAsoTZyWwyZnZmmekVQsg/ePGgiFf/x5t/4yTZg0YLGoqqbrq7wkRwg5735eRWVtfWN/Kbha3tnd294v5B06hUU9agSijdDolhgkvWQI6CtRPNSBwK1gpHNzO/9ci04Ure4zhhQUwGkkecErRSk5fNGZ72iiWv4s3h/iV+RkqQod4rfnb7iqYxk0gFMabjewkGE6KRU8GmhW5qWELoiAxYx1JJYmaCyfzaqXtilb4bKW1LojtXf05MSGzMOA5tZ0xwaJa9mfif10kxugomXCYpMkkXi6JUuKjc2etun2tGUYwtIVRze6tLh0QTijaggg3BX375L2meV/yLSvWuWqpdZ3Hk4QiOoQw+XEINbqEODaDwAE/wAq+Ocp6dN+d90ZpzsplD+AXn4xurgo6M</latexit>

i(s, t)
<latexit sha1_base64="bvDQOTS/yZGb6W+DmJmir5f21WE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQQcquFPVY9OKxgv2AdinZNNvGZpMlmS2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsY3c381phpw5V8hEnM/IgMJA85JWCl5rhsLuC8Vyy5FXcOvEq8jJRQhnqv+NXtK5pETAIVxJiO58bgp0QDp4JNC93EsJjQERmwjqWSRMz46fzaKT6zSh+HStuSgOfq74mURMZMosB2RgSGZtmbif95nQTCGz/lMk6ASbpYFCYCg8Kz13Gfa0ZBTCwhVHN7K6ZDogkFG1DBhuAtv7xKmpcV76pSfaiWardZHHl0gk5RGXnoGtXQPaqjBqLoCT2jV/TmKOfFeXc+Fq05J5s5Rn/gfP4Av3eOmQ==</latexit>

v(s, t)Passive 
RLC Circuit

Linear passive PDE/
Integral operators

<latexit sha1_base64="UgtaEZN6pMW9GhSHYvkdi1OImO0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFBVBKHrxWMF+YLuUbJptQ7PJkmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O/dYTVZpJ8WDGMfUjPBAsZAQbKz2G5S7pS3N6dd0rltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2cUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0fdRnihLDx5Zgopi9FZEhVpgYG1LBhuAtvrxMmmcV77xSva+WajdZHHk4gmMogwcXUIM7qEMDCAh4hld4c7Tz4rw7H/PWnJPNHMIfOJ8/agGQGw==</latexit>

f(·) :=

Parameterize with Partial Integral (PI) Operators

• What?
P{Ri}x(s) =

s∫
a

R1(s, θ)x(θ)dθ + R0(s)x(s) +
b∫

s

R2(s, θ)x(θ)dθ

• Where? PI to represent Gp, Gn in a class of neuronal models
• Why? Enforcing monotonicity on PI using LMIs and solving them
• How? Periodic nature of v is determined by the spectra of a matrix

underneath Gp − Gn

Some relevant fields: Relay-feedback systems, Dominance
theory, DC programming

*Shivakumar, Das, Weiland and Peet (’22): Extension of the Partial Integral Equation Representation to GPDE
Input-Output Systems

*PIETOOLS: http://control.asu.edu/pietools/
*Das, Sepulchre, and Johansson (Upcoming): Mixed-Monotone Analysis of Relay Feedback System14 / 21



Part of my research plan for future: a bit more ambitious
Learning from data

<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�
<latexit sha1_base64="MRPOQbiveaeoqBtcRUlfqnm+2Gs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZbLYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I/xULCIEWys1I2qfRJKcz4oV9yaOwdaJV5OKpCjOSh/9UNJ0pgKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepQLHVPvZ/N4pOrNKiCKpbAmD5urviQzHWk/iwHbG2Iz0sjcT//N6qYmu/YyJJDVUkMWiKOXISDR7HoVMUWL4xBJMFLO3IjLCChNjIyrZELzll1dJ+6LmXdbq9/VK4yaPowgncApV8OAKGnAHTWgBAQ7P8ApvzqPz4rw7H4vWgpPPHMMfOJ8/ZfyPkA==</latexit>

f(·)
<latexit sha1_base64="GY3R4xoj0aKdBRs13EEnasIPLVU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQQcKuBPUY9OIxgnlAsoTZyWwyZnZmmekVQsg/ePGgiFf/x5t/4yTZg0YLGoqqbrq7wkRwg5735eRWVtfWN/Kbha3tnd294v5B06hUU9agSijdDolhgkvWQI6CtRPNSBwK1gpHNzO/9ci04Ure4zhhQUwGkkecErRSk5fNGZ72iiWv4s3h/iV+RkqQod4rfnb7iqYxk0gFMabjewkGE6KRU8GmhW5qWELoiAxYx1JJYmaCyfzaqXtilb4bKW1LojtXf05MSGzMOA5tZ0xwaJa9mfif10kxugomXCYpMkkXi6JUuKjc2etun2tGUYwtIVRze6tLh0QTijaggg3BX375L2meV/yLSvWuWqpdZ3Hk4QiOoQw+XEINbqEODaDwAE/wAq+Ocp6dN+d90ZpzsplD+AXn4xurgo6M</latexit>

i(s, t)
<latexit sha1_base64="bvDQOTS/yZGb6W+DmJmir5f21WE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQQcquFPVY9OKxgv2AdinZNNvGZpMlmS2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsY3c381phpw5V8hEnM/IgMJA85JWCl5rhsLuC8Vyy5FXcOvEq8jJRQhnqv+NXtK5pETAIVxJiO58bgp0QDp4JNC93EsJjQERmwjqWSRMz46fzaKT6zSh+HStuSgOfq74mURMZMosB2RgSGZtmbif95nQTCGz/lMk6ASbpYFCYCg8Kz13Gfa0ZBTCwhVHN7K6ZDogkFG1DBhuAtv7xKmpcV76pSfaiWardZHHl0gk5RGXnoGtXQPaqjBqLoCT2jV/TmKOfFeXc+Fq05J5s5Rn/gfP4Av3eOmQ==</latexit>

v(s, t)Passive 
RLC Circuit

Passive PDE/Integral 
operators

<latexit sha1_base64="UgtaEZN6pMW9GhSHYvkdi1OImO0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFBVBKHrxWMF+YLuUbJptQ7PJkmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O/dYTVZpJ8WDGMfUjPBAsZAQbKz2G5S7pS3N6dd0rltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2cUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0fdRnihLDx5Zgopi9FZEhVpgYG1LBhuAtvrxMmmcV77xSva+WajdZHHk4gmMogwcXUIM7qEMDCAh4hld4c7Tz4rw7H/PWnJPNHMIfOJ8/agGQGw==</latexit>

f(·) :=
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Part of my research plan for future: a bit more ambitious
Learning from data

<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�
<latexit sha1_base64="MRPOQbiveaeoqBtcRUlfqnm+2Gs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZbLYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I/xULCIEWys1I2qfRJKcz4oV9yaOwdaJV5OKpCjOSh/9UNJ0pgKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepQLHVPvZ/N4pOrNKiCKpbAmD5urviQzHWk/iwHbG2Iz0sjcT//N6qYmu/YyJJDVUkMWiKOXISDR7HoVMUWL4xBJMFLO3IjLCChNjIyrZELzll1dJ+6LmXdbq9/VK4yaPowgncApV8OAKGnAHTWgBAQ7P8ApvzqPz4rw7H4vWgpPPHMMfOJ8/ZfyPkA==</latexit>

f(·)
<latexit sha1_base64="GY3R4xoj0aKdBRs13EEnasIPLVU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQQcKuBPUY9OIxgnlAsoTZyWwyZnZmmekVQsg/ePGgiFf/x5t/4yTZg0YLGoqqbrq7wkRwg5735eRWVtfWN/Kbha3tnd294v5B06hUU9agSijdDolhgkvWQI6CtRPNSBwK1gpHNzO/9ci04Ure4zhhQUwGkkecErRSk5fNGZ72iiWv4s3h/iV+RkqQod4rfnb7iqYxk0gFMabjewkGE6KRU8GmhW5qWELoiAxYx1JJYmaCyfzaqXtilb4bKW1LojtXf05MSGzMOA5tZ0xwaJa9mfif10kxugomXCYpMkkXi6JUuKjc2etun2tGUYwtIVRze6tLh0QTijaggg3BX375L2meV/yLSvWuWqpdZ3Hk4QiOoQw+XEINbqEODaDwAE/wAq+Ocp6dN+d90ZpzsplD+AXn4xurgo6M</latexit>

i(s, t)
<latexit sha1_base64="bvDQOTS/yZGb6W+DmJmir5f21WE=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQQcquFPVY9OKxgv2AdinZNNvGZpMlmS2Upf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsY3c381phpw5V8hEnM/IgMJA85JWCl5rhsLuC8Vyy5FXcOvEq8jJRQhnqv+NXtK5pETAIVxJiO58bgp0QDp4JNC93EsJjQERmwjqWSRMz46fzaKT6zSh+HStuSgOfq74mURMZMosB2RgSGZtmbif95nQTCGz/lMk6ASbpYFCYCg8Kz13Gfa0ZBTCwhVHN7K6ZDogkFG1DBhuAtv7xKmpcV76pSfaiWardZHHl0gk5RGXnoGtXQPaqjBqLoCT2jV/TmKOfFeXc+Fq05J5s5Rn/gfP4Av3eOmQ==</latexit>

v(s, t)Passive 
RLC Circuit

Passive PDE/Integral 
operators

<latexit sha1_base64="UgtaEZN6pMW9GhSHYvkdi1OImO0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFBVBKHrxWMF+YLuUbJptQ7PJkmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O/dYTVZpJ8WDGMfUjPBAsZAQbKz2G5S7pS3N6dd0rltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2cUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0fdRnihLDx5Zgopi9FZEhVpgYG1LBhuAtvrxMmmcV77xSva+WajdZHHk4gmMogwcXUIM7qEMDCAh4hld4c7Tz4rw7H/PWnJPNHMIfOJ8/agGQGw==</latexit>

f(·) :=

Leveraging machine learning tools
• What would be the model hypothesis for individual path?
• How can we leverage the the mixed-feedback architecture in learning

excitable behavior?
• Towards learning Gp, Gn when they are non-linear

Some relevant fields: Operator learning, monotonic neural
network, physics informed learning

*Das, Aguiar and Johansson (’22): Neural network architecture for learning fows of controlled dynamical systems
15 / 21



Theme of my future research in a nutshell

Nj
<latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit><latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit><latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit><latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit>

Nr<latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit><latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit><latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit><latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit>

Nk<latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit><latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit><latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit><latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit>

Ni
<latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit><latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit><latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit><latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit>

Ej,r
<latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit><latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit><latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit><latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit> PDE

ODE
Spatially invariant Spatially varying

<latexit sha1_base64="zFgakf0wZ8TsQ7ROciarN4vAkYs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKBnjNU=</latexit>

H

<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

+

<latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

-

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v
<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp
<latexit sha1_base64="gaHFuNNHQC7PEdSAFpuMVTFqEu4=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4sWRLqe2t6EGPFewHtEvJptk2NJtdkqxQlv4FLx4U8eof8ua/MdtWUNEHA4/3ZpiZ58eCa4Pxh7Oyura+sZnbym/v7O7tFw4O2zpKFGUtGolIdX2imeCStQw3gnVjxUjoC9bxJ1eZ37lnSvNI3plpzLyQjCQPOCUmk86vB3JQKOIStqhWUUbcGnYtqddr5XIduXML4yIs0RwU3vvDiCYhk4YKonXPxbHxUqIMp4LN8v1Es5jQCRmxnqWShEx76fzWGTq1yhAFkbIlDZqr3ydSEmo9DX3bGRIz1r+9TPzL6yUmqHkpl3FimKSLRUEikIlQ9jgacsWoEVNLCFXc3oromChCjY0nb0P4+hT9T9rlklstVW4rxcblMo4cHMMJnIELF9CAG2hCCyiM4QGe4NkJnUfnxXldtK44y5kj+AHn7RPhVI4p</latexit>�Gn

<latexit sha1_base64="zFgakf0wZ8TsQ7ROciarN4vAkYs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKBnjNU=</latexit>

H

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i
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Theme of my future research in a nutshell: outlook

Nj
<latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit><latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit><latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit><latexit sha1_base64="xPagDupociWR9dWPoiPVfJdbVWM="></latexit>

Nr<latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit><latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit><latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit><latexit sha1_base64="BIZmKCDVC+kV0A44tzuo9MOmqCg="></latexit>

Nk<latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit><latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit><latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit><latexit sha1_base64="2OPqakiImgm6yGxqvo/PBoSvmI8="></latexit>

Ni<latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit><latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit><latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit><latexit sha1_base64="i/loaL6/DBu0mZQ+YgBZG5PR3CY="></latexit>

Ej,r
<latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit><latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit><latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit><latexit sha1_base64="Aml1V+kJjYCkGAGEzDKxWMC1b0w="></latexit> PDE

ODE
Spatially invariant Spatially varying

<latexit sha1_base64="zFgakf0wZ8TsQ7ROciarN4vAkYs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKBnjNU=</latexit>

H

<latexit sha1_base64="xgBnXHdgcdSHTaKv10bXaLMECek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4baX9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8jdI23</latexit>

Gp

<latexit sha1_base64="AIlFh1hBbSFRmnX0EU2a4KhBOWo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVY9KDHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSRd3AzkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVn16tXaQ63SuMnjKMIJnMI5eHAFDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPig+N7A==</latexit>�Gn

+

<latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

-

<latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>
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Multi-Physics Model

Conventional feedback
• Theme: Robust and Nonlinear Control of

Multi-Physics Systems
• Applications (honoring the past):

• High-tech systems (Canon, ASML, Philips,
TNO, Demcon)

• Nuclear fusion (DIFFER, ASU)

Mixed-feedback
• Theme: Synthesis and learning of spatio-temporal

oscillators
• Applications (bringing the new):

• Neuromorphic engineering (UCSD, IMAG/e)
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Teaching experience and philosophy

Teaching is a major part of the reason why I want to stay in academia

Past teaching experiences (+ 4 Masters students supervision)
1 5LMA0-Model Reduction(TU/e): Making every year’s project ’cooler’ than the previous year’s

2 5ESB0-Systems(TU/e): Answering to ’what am I supposed to do with this subject’

3 GF1-Control Systems Porject(Cambridge): Answering to ’this is easy, I want to do more’

Teaching Ambition
1 Student-focused, example driven and project based (chalk and blackboard are not overrated)

2 More usage of recitation and flipped-classroom during practice sessions (e.g. today’s lecture)

3 Love to design my own course ( e.g. nonlinear circuit theory)

4 First step: Getting my UTQ certification
18 / 21



Teaching experience and philosophy: respect the +/− feedback!
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Networking and Outreach

1 Privileged to serve as a co-author of IEE CSS Roadmap 2030 (section: Climate Change,
only 2 post-docs)

2 Founder and host of KTH-PIL reading club

3 Responsible researcher for coordinating EU project with five international collaborators

4 Upcoming-IFAC WC’23: 1 Workshop on ’A showcase of LMI-based methods for PDEs’
(with M. Peet)

5 Upcoming-IFAC WC’23: 1 invited session on ’Physics informed learning for control’ (with
K. Johansson)20 / 21



My aspiration
Get inspired by cutting-edge technological developments and enable them with the help of

control theory

1 I am self-driven, passionate, and committed to my work

2 My past experience with the academia-industry ecosystem of Eindhoven is an asset

3 I believe scientific and industrial collaboration is key to make an impact in engineering science

4 In future, I am determined to get my own fundings to realise my research plan.
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Thank You!
We hear within us the perpetual call: There is the problem. Seek its solution. − David Hilbert
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