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Abstract
Autonomous AI research agents can execute long-running scientific
workflows, revise code, inspect results, and reuse prior observations.
Their reliability depends on memory architectures that retrieve rele-
vant evidence without overwhelming the agent or discarding useful
context. This hands-on tutorial presents a low-resource framework
for diagnosing, benchmarking, and improving memory systems
in autonomous research agents. Participants learn taxonomies of
agent memory, trace-based diagnostics for retrieval and utilisa-
tion failures, LLM-as-judge evaluation protocols, and standardised
benchmarking across heterogeneous memory providers. Exercises
use real autonomous-research traces and lightweight open-source
tooling that runs on a standard laptop with modest API credits.

CCS Concepts
• Computing methodologies → Multi-agent systems; • In-
formation systems → Information retrieval; • Human-centered
computing → Human computer interaction (HCI).
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1 Tutorial Summary
Autonomous agents increasingly combine reasoning, tool use, re-
trieval, and long-horizon adaptation [7–9]. Yet memory remains
a practical bottleneck: retrieved context may be irrelevant, useful
evidence may be lost in long contexts [5], and agents may ignore
information that was correctly retrieved.

This tutorial introduces a low-resource framework for diagnos-
ing and benchmarking agent memory systems. It covers retrieval-
augmented generation foundations [4], agent memory architectures
such as MemGPT [6], trace-based separation of retrieval and utili-
sation failures, and LLM-as-judge evaluation protocols [10]. The
material builds on recent work on RAG-driven memory, weather-
energy pattern learning, and neurocognitive-inspired hybrid mem-
ory architectures [1–3].
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