
УДК 004.582:004.946 

N. V. Kuprienko 

V. V. Chopliak 

 

LIQUID NEURAL NETWORKS: DYNAMIC ADAPTIVITY 

AND EDGE INTELLIGENCE 
 

Vinnytsia National Technical University 
 
Анотація 

Це дослідження досліджує інтеграцію рідких нейронних мереж (LNN) як трансформаційної основи для 

децентралізованого інтелекту в реальному часі. На відміну від традиційних статичних моделей, LNN 

використовують динаміку безперервного часу для адаптації своїх внутрішніх параметрів на льоту. 

Дослідження порівнює ефективність LNN зі стандартними архітектурами, підкреслюючи, як їхня компактна 

кількість параметрів, – часто на кілька порядків менша, ніж у Transformers, – забезпечує високопродуктивну 

обробку на периферійних пристроях з мінімальним споживанням енергії. Крім того, воно досліджує, як властива 

інтерпретованість та «рідка» природа цих мереж забезпечують безперешкодну персоналізацію та надійну 

продуктивність у шумних, непередбачуваних середовищах без необхідності централізованого перенавчання 

даних. 
Ключові слова: рідкі нейронні мережі, штучний інтелект безперервного часу, периферійні обчислення, 

адаптація в реальному часі, ефективність параметрів, біологічно натхненний інтелект. 
 
Abstract 

This study explores the integration of Liquid Neural Networks (LNNs) as a transformative framework for real-time, 

decentralized intelligence. Unlike traditional static models, LNNs utilize continuous-time dynamics to adapt their internal 

parameters on the fly. The research compares the efficiency of LNNs against standard architectures, highlighting how 

their compact parameter count – often several orders of magnitude smaller than Transformers – enables high-

performance processing on edge devices with minimal power consumption. Furthermore, it examines how the inherent 

interpretability and "liquid" nature of these networks allow for seamless personalization and robust performance in noisy, 

unpredictable environments without the need for centralized data retraining. 
Keywords: liquid neural networks, continuous-time AI, edge computing, real-time adaptation, parameter efficiency, 

bio-inspired intelligence. 
 

Introduction 

 
The current AI landscape is dominated by Large Language Models (LLMs) that rely on massive, frozen 

parameter sets and high-latency cloud processing. This creates a "rigidity gap," where models struggle to adapt 

to real-time data shifts without expensive retraining cycles. Liquid Neural Networks (LNNs), inspired by the 

neural structure of simple organisms like the C. elegans worm, offer a solution by treating neuron activity as a 

system of differential equations. This allows the network to be "fluid," continuously learning and adjusting its 

behavior as it processes new information streams directly on the device. 
 

Research results  

 

The main advantage of the LNN framework is its ability to adapt in continuous-time. When we’re talking 

about a liquid system the equations change for each neuron based on incoming data. This means the model 

continues to “learn” even after its initial training phase.  
Liquid Neural Networks (LNNs) provide a paradigm-shifting efficiency to AI architectures. A normal 

Transformer would need billions of parameters to handle a complex environment. But it has been shown that 

an LNN can handle autonomous navigation with less than 20 neurons to achieve similar results. 
This huge complexity reduction allows decisions to be made locally on the edge, enabling zero latency 

processing and eliminating the need for cloud round-trips. The lower power footprint of LNNs also makes 

them an excellent choice for battery-constrained devices such as drones, smartphones and medical wearables.  
Traditional AI has problems with noxious or unexpected data, like a camera obscured by heavy rain. The 

high robustness of LNNs is due to the ability of their internal dynamics to adapt to changes in input patterns 



in real time. This flexibility makes them especially suitable for autonomous vehicles that need to handle 

dynamic road conditions and sensory noise, and for medical monitoring applications that require the analysis 

of irregular physiological signals such as ECG or EEG with high temporal resolution. 
Because LNNs are significantly smaller and governed by transparent mathematical equations, their 

decision-making process is more "explainable" than the "black box" nature of massive deep learning models. 

This provides a higher level of Accountability and Trust in safety-critical applications. 
 

Conclusion 

 
The shift toward Liquid Neural Networks represents a move away from "brute-force" AI toward efficient, 

bio-inspired intelligence. By enabling real-time learning on the edge, LNNs solve the dual challenge of data 

privacy and computational cost. While specialized code is currently required to adapt these networks to varied 

data types, the development of Liquid Foundation Models suggests a future where AI is not just a static tool, 

but a living, breathing system that evolves alongside its user. 
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