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Abstract

Large Language Model (LLM) agents, acting on their users’ behalf
to manipulate and analyze data, are likely to become the dominant
workload for data systems in the future. When working with data,
agents employ a high-throughput process of exploration and solu-
tion formulation for the given task, one we call agentic speculation.
The sheer volume and inefficiencies of agentic speculation can pose
challenges for present-day data systems. We argue that data sys-
tems need to adapt to more natively support agentic workloads. We
take advantage of the characteristics of agentic speculation that we
identify, i.e., scale, i dund and bility—to
outline a number of new research opportunities for a new agent-
first data systems architecture, ranging from new query interfaces,
to new query processing techniques, to new agentic memory stores.

1 Introduction

Powered by Large Language Models (LLMs) that can reason, invoke
tools, author code, and communicate with each other, we are on the
precipice of a new agentic revolution that will transform how data
systems are used. Modern LLMs are far more efficient internally,
‘matching the ilities of those orders of magnitude larger just a
year ago, and growing ever more effective at understanding and ma-
nipulating both structured and unstructured data. As they become
both cheap and capable, future LLM agents will act on users’ behalf:
extracting, analyzing, ing, and updating d: iall
becoming the dominant workload for data systems.

of LLM agents tasked with finding reasons for why profits in coffee
bean sales in Berkeley was low this year relative to last. Since they
are not limited by human cognitive bandwidth and response times,
an army of agents could employ an enormous volume of queries to
data systems, far more than any human could—all for a single task.
Many of these queries are likely wasteful, and are simply provid-
ing the agents grounding. As another example, if an LLM agent is
tasked with identifying a new crew for a delayed flight, it would
need to consider various hypothetical transactions to surface to
a human decision maker, each with dozens of updates to various
databases.? For such tasks, agents may explore many alternatives in
parallel by forking database state, running speculative updates, and
rolling back branches. Overall, as agentic workloads become more
and more prevalent, the sheer scale and inefficiencies of agentic
speculation will become the bottleneck, and our data systems will
need to evolve in response.

So we ask the question: how can data systems evolve to better
support agentic workloads? In particular, can data systems natively—

and ly—support agentic ion, helping LLM agents
determine the best course of action? This question—which, as we
argue, our ity is well-equipped to holds the key

to unlocking unimaginable productivity gains from agents being
the primary mechanism we use to interact with data.

Thankfully, while agentic speculation represents a new challenge
for data systems, its ct istics present new ites for
the redesign of data systems. As we show, agentic speculation:
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Making Databases Faster with LLM Evolutionary Sampling

Mehmet Hamza Erol ! Xiangpeng Hao? Federico Bianchi® Ciro Greco* Jacopo Tagliabue* James Zou?!

Abstract

Traditional query optimization relies on cost-
based optimizers that estimate execution cost
(e.g., runtime, memory, and I/O) using predefined
heuristics and statistical models. Improving these
heuristics requires substantial engineering effort,
and even when implemented, these heuristics of-
ten cannot take into account semantic correlations
in queries and schemas that could enable better
physical plans. Using our DBPLANBENCH har-
ness for the DataFusion engine, we expose the
physical plan through a compact serialized rep-
resentation and let the LLM propose localized
edits that can be applied and executed. We then
apply an evolutionary search over these edits to re-
fine candidates across iterations. Our key insight
is that LLMs can leverage semantic knowledge
to identify and apply non-obvious optimizations,
such as join orderings that minimize intermediate
cardinalities. We obtain up to 4.78 x speedups on
some queries and we demonstrate a small-to-large
workflow in which optimizations found on small
transfer i to larger

match user intent) and efficient (i.e., the query is processed
as fast as possible). OLAP queries tend to be reused often
(Van Renen et al., 2024; Tagliabue et al., 2024) and thus,
there is real value in spending time to find optimized solu-
tions. Even small improvements in planning would translate
into massive efficiency gains at cloud scale, so it is not
surprising that both industry and academia have devoted
substantial resources to this task.
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