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AHoTauis

Y nybnixayii 0ocnioscyemocs inmezpayia gpedepamusrozo naguanus (PH) 3 indcenepicio niokazok na npucmpoi
01 nios8UWeHHs NPOOYKMUBHOCMI OeyeHMpPaniz08anux Mo8HUx mooeneu. Y will posenadaromscia cmpameeii 01s
JIOKATIbHO2O HANAUWIMYBAHHS MoOefiell, Oe HNEePCOHANbHI Oaui 3aIUalomvcs HA nepugepiiinomy npucmpoi,
3abesneuyouy SUCOKUU pieeHb KoH@iOenyitinocmi ma Oesnexku Oanux. [lopisHioemobces eghexmueHicms pi3HUX
Memo0i6  «KOHMEKCMHO-3ANeNHCHUXY NIOKA30K, W00 eusHauumu, 5K Cneyianizoeaui IHCMPYKYIi ModCymy
KOMNEHCY8amu 3MeHuleHy KilbKiCmb napamempis KeaHmoganux mooeneli MmobdintvHoco piens. Kpim moeo, y
00CNi0NHCeHHT NIOKPECTIOEMbCS BNIUE JOKANLHOT NOBEOIHKU KOPUCIYBAYI68 MA OAHUX NPO HABKOTUUHE Cepedosuye
Ha nepcouanizayiro gionosioet LI 6e3 neobxionocmi yenmpanizoeanozo 300py 0aHux.

KawuoBi cioBa: ¢enepatnBHe HaBUaHHS, IHKEHepis MiAKa30k, mepcoramzamis, I Ha mpucrpoi,
KOH(iIeHIIHICTh, NETICHTPaTi30BaHUH IHTEIICKT, IOKaJIhbHA ONTHMI3aIlisl.

Abstract

The publication investigates the integration of Federated Learning (FL) with on-device prompt engineering to
enhance the performance of decentralized language models. It explores strategies for local model fine-tuning where
personal data remains on the edge device, ensuring high levels of privacy and data security. The effectiveness of
various "context-aware" prompting techniques is compared to determine how specialized instructions can compensate
for the reduced parameter count of quantized, mobile-tier models. Furthermore, the study highlights the influence of
local user behaviour and environmental data on the personalization of Al responses without the need for centralized
data collection.

Keywords: federated learning, prompt engineering, personalization, on-device Al, privacy, decentralized
intelligence, local optimization.

Introduction

As Large Language Models (LLMs) become central to daily digital interaction, the reliance on massive,
centralized cloud infrastructures poses significant challenges regarding user privacy and data latency.
Traditional Al personalization requires uploading sensitive user history to external servers, creating a
"privacy bottleneck." To resolve this, Federated Learning has emerged as a decentralized alternative,
allowing models to be fine-tuned locally. Coupled with On-Device Prompt Engineering, which optimizes
how a user interacts with these smaller, local versions of Al, this framework enables a highly personalized
experience that functions efficiently on consumer hardware like smartphones or IoT hubs.

Research results

The primary advantage of this integrated approach is the preservation of Data Sovereignty. In a federated
system, personal conversations, habits, and preferences never leave the device. Instead, the local model
learns from the user’s specific context, and only the mathematical "gradients" (improvements) are sent to a
global server to enhance the base model. This decentralized training significantly reduces the risk of large-
scale data breaches associated with central repositories.

However, executing LLMs on edge devices introduces the "Efficiency-Accuracy Trade-off." Most
consumer devices lack the VRAM required for full-scale models. To address this, research focuses on
Model Quantization (e.g., converting 32-bit weights to 4-bit) and Prompt Compression. By using
specialized "system instructions" that are computationally lightweight, On-Device Prompt Engineering
allows a 7B-parameter model to achieve reasoning capabilities comparable to much larger cloud models
within a specific local context.

Current applications show high success in Predictive Text and Virtual Assistants. By analysing local
user behaviour — such as specific vocabulary or scheduling patterns — the Al can adjust its response
temperature and style in real-time. This ensures that the assistant is not only faster due to zero-latency local
processing but also more attuned to the individual user’s linguistic nuances.



Conclusion

The synergy between Federated Learning and On-Device Prompt Engineering marks a transition toward
Privacy-First Intelligence. By shifting the burden of personalization from the cloud to the edge, we address
the inherent conflicts between Al utility and data security. While hardware limitations remain a challenge,
the development of specialized neural processing units (NPUs) and refined prompt strategies suggests that
the future of Al lies in decentralized, autonomous, and deeply personalized systems.
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