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Background

Deploying AI at the network edge delivers lower 

latency, higher bandwidth efficiency, and 

enhanced privacy, but is constrained by strict 

hardware limits in memory, compute, and 

energy. Knowledge-Guided Machine Learning 

(KGML) integrates structured knowledge into 

machine learning models to boost explainability 

and generalizability. Introducing EdgeKBs (Edge 

Knowledge Bases) brings structured domain 

knowledge directly to resource-constrained 

devices, enabling high predictive performance 

with smaller, energy-efficient base models.

Key Applications

Edge Natural Language Interfaces: Powers 

offline, grounded conversational agents for 

critical industrial workflows. 

Private Smart Assistants: Merges local 

commonsense with user routines on-device for 

complete privacy. 

Physical AI & Cobots: Supplies cobots with 

real-time affordances, task constraints, and 

safety rules.

Proposed EdgeKB Approaches

We propose three archetype approaches to 

construct EdgeKBs. 

Slicing and Dicing (SEKB): Extracts targeted 

sub-graphs from large-scale KBs using 

multifaceted scoring (plausibility, typicality, 

salience) or LLM extraction (semantic chunking 

and SPO triples). 

Tailoring to Fit (TEKB): Constructs customized 

KBs from scratch to match application-specific 

semantics, custom data structures, and 

specialized edge hardware. 

Dynamic EdgeKBs (DEKB): Allows on-device 

KBs to continuously evolve post-deployment via 

Small Language Models (SLMs) through 

Knowledge Graph refinement or autonomous 

entity/relation discovery.

Evaluation

Integrating EdgeKBs into local AI frameworks 

establishes a foundation for sustainable 

EdgeKGML. Grounding local inference in explicit 

knowledge allows systems to achieve high 

predictive accuracy while utilizing significantly 

smaller, energy-efficient base models. 

Evaluating these systems requires balancing 

standard hardware and AI performance metrics 

alongside unified cross-domain metrics.

Hardware: Static Memory (Flash), Dynamic 

RAM, Energy per Query (mJ/J), and Latency 

(ms).

AI Performance: Accuracy, Precision, and F1-

Score.

Unified System Metrics: Storage Ratio (KB vs. 

AI model footprint), Compute Ratio (retrieval vs. 

inference time), and KB Hit/Relevance Rate. 
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Introduction

We propose a vision of EdgeKBs (Edge Knowledge Bases) integrating KBs into Edge AI systems. 

EdgeKBs can infuse commonsense and domain knowledge within Edge devices to guide them while learning from training data.

By doing so, we not only bring explainability and performance benefits of KBs to the Edge, but also enable more efficient, sustainable Edge AI systems.

We envisage three approaches to develop EdgeKBs: Slicing \& Dicing; Tailoring to Fit; and Dynamic EdgeKBs. These

EdgeKBs will bring Knowledge-Guided Machine Learning (KGML) to the Edge to support next-generation applications, e.g., Physical AI, cobots, and local natural 

language interfaces. 

Experimentation Example — MSKC (minimum-sufficient knowledge computation) in targeted 

applications, e.g., decision support of wind turbines for renewable energy, in conjunction with 

EdgeKB development. Knowledge routing is partly tested, the rest of the parts can be 

mounted with EdgeKB components. 


	Slide 1: Edge Knowledge Bases for Sustainable and Explainable AI Aparna S. Varde¹, Emil Njor¹, Francesco Daghero², Mahyar Tourchi Moghaddam² 1Center for Software Technology, SDU Vejle | ²Dept. of Software Engineering, SDU Odense Maersk Mc-Kinney Moller In

