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ABSTRACT Conventional DBMS mechanisms only approximate this access

Agentic systems increasingly use databases as persistent working
memory for speculative action: they fork state, mutate it, evaluate
outcomes, and discard or retain candidate trajectories. Existing
relational benchmarks assume a single shared database state and
therefore do not measure the branch lifecycle, branch-tree scalabil-
ity, cross-branch comparison, or resource costs induced by these
workloads. We present BRANCHBENCH, a benchmark framework
for agentic database branching. BRANCHBENCH makes speculative
database workloads reproducible and comparable by separating
workload topology, branch lifecycle operations, branch-local SQL,
cross-branch comparison, and pruning into explicit parameters.
Macrobenchmarks instantiate complete branch-mutate—evaluate—
prune workflows, while microbenchmarks isolate the operations
needed to explain end-to-end behavior. Running BRANCHBENCH on
Neon and Dolt shows how the benchmark can identify backend fit
for a given workload while exposing architectural trade-offs. In this
case, BRANCHBENCH reveals a branch-agility versus branch-local-
query trade-off: Neon favors fewer branches with data-intensive
queries, while Dolt favors many branches with lightweight data
operations.
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1 INTRODUCTION

Large language model agents are changing database workloads from
operations over one evolving database state into agentic specula-
tion: constructing and evaluating many hypothetical states. These
workloads combine branch creation, connection isolated schema
and data mutations, branch-local evaluation, cross-branch com-
parison, and pruning over wide or deep exploration trees. Monte
Carlo Tree Search (MCTS), for example, selects, expands, and scores
branches over database-backed state, improving Terminal-Bench
success rates from 3.4% to 30.6% by exploring alternative action
trajectories [5, 10]. Realizing such gains requires data systems to
manage many isolated speculative states, not just execute queries
efficiently over one state.

pattern. MVCC, transactions, and savepoints support concurrency
and rollback within one evolving state; physical clones provide
isolated copies at coarse granularity. None directly supports per-
sistent, named, independently mutable states that can be revisited,
compared, and pruned throughout long-running exploration.

Recent relational systems address this gap by enabling branch op-
erations over database state. Neon shares WAL-derived page histo-
ries [8]; TigerData uses copy-on-write distributed block storage [4];
Xata implements block-level copy-on-write below PostgreSQL [9];
and Dolt stores versions in a content-addressed Merkle/prolly-
tree engine [7]. These systems expose related branch abstractions
but differ along dimensions such as metadata management, com-
pute allocation, garbage collection, copy-on-write granularity, and
diff/merge support.

The relevant question is therefore not whether a DBMS exposes
branching, but whether its design matches a workload. Concrete
agents may explore schema-changing branches with backfills, re-
play alternative transaction prefixes, or build deep speculative trees
with hundreds of states. Even within one domain, workloads can
differ in fanout, depth, mutation mix, read intensity, and pruning
behavior, so a useful benchmark must parameterize the shape and
lifecycle of speculative state.

Existing database benchmarks instead operate over one logical
database state. TPC-C and TPC-H define transactional and analyti-
cal workloads, while CH-benCHmark combines them for hybrid
OLTP/OLAP execution [1]. YCSB and OLTP-Bench parameterize
request mixes and OLTP workloads, but both run against a sin-
gle evolving database instance rather than a tree-structured set of
branch states [2, 3]. Similar to SEQUOIA 2000, which exposed how
scientific workloads exceeded prior benchmark assumptions [6],
agentic speculation needs a benchmark that makes branching struc-
ture first-class.

We present BRANCHBENCH!, an extensible benchmark frame-
work for branchable relational DBMSes under agentic workloads.
BRANCHBENCH instantiates a common branch-mutate-evaluate—
prune loop with parameters for worker count, branch fanout and
depth, schema mutations, data queries, cross-branch comparisons,
and pruning. Users can add backends behind a small branch API
and add workloads via parameter configurations, schemas, and SQL
templates.

BRANCHBENCH is not meant to declare a universal winner among
branchable databases or to exhaust all agentic behavior. It provides a
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!Benchmark code: https://github.com/ElaineAng/db-fork.


https://github.com/ElaineAng/db-fork
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Figure 1: The BRANCHBENCH macrobenchmark executes a
parameterized branch-mutate—evaluate—prune loop over a
shared branch tree.

structured way to express, scale, and compare branching workloads.
We make three contributions:

o We define agentic database branching as a benchmark target and
identify workload dimensions that are absent from conventional
relational benchmarks.

e We design BRANCHBENCH, an extensible macrobenchmark and
microbenchmark framework that makes branching workloads
reproducible and comparable through explicit topology, mutation,
evaluation, and pruning parameters.

e We run BRANCHBENCH on Neon and Dolt, two branchable DBM-
Ses with contrasting architectures, and show how the benchmark
attributes end-to-end differences to branch lifecycle costs, branch-
local SQL costs, storage behavior, and resource limits.

2 BENCHMARK FRAMEWORK DESIGN

BRANCHBENCH separates the benchmark into a reusable execu-
tion engine, benchmark configurations, and backend adapters. This
structure is intended to make the benchmark extensible along two
axes: users can add new workload configurations by changing pa-
rameters, schema files, and SQL templates, and can add new systems
by implementing the backend branch API; thus, the benchmark
does not prescribe a fixed database schema; the schema is part of
each benchmark configuration.

Execution model. Figure 1 shows the macrobenchmark driver. A
run starts from a root branch and launches T workers executing
concurrently. Each worker executes S steps over a shared branch
tree. Workers follow the same step structure and parameter counts,
but may choose different parent branches.

Tree shape is enforced during the branch phase: a worker may
select only an eligible parent whose child count is below its fanout
limit and whose depth is below D. The root fanout F,., inner fanout
F;, and maximum depth D therefore constrain where new branches
can be created rather than changing the step sequence itself. These
parameters cover flat stars, wide shallow trees, bushy trees, and
deep search trajectories.

Each step has four phases. In the branch phase, the worker selects
an eligible parent, creates a child branch, and connects to it. In
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the mutate phase, it applies M5 schema mutations and My data
mutations. In the evaluate phase, it executes Q,, read queries that
validate or score the branch state. In the prune phase, it deletes the
branch with probability y. A branch that completes the step and is
not pruned becomes committed; committed leaves form the frontier.
A configuration may also include C cross-branch queries over the
frontier. These queries are scheduled across the run, are not counted
as part of any worker’s S steps, and capture comparisons across
candidate branch states or aggregate outcomes across simulations.

Table 1 summarizes the benchmark configurations used in our
evaluation. The goal is not to restrict agentic speculation to this
specific set of parameters; rather, these configurations demonstrate
how a user can translate a plausible agentic exploration pattern
into a concrete BRANCHBENCH benchmark instance. For example,
the table includes moderate branching with schema evolution (Soft-
ware Dev), flat replay branches with heavy data operations (Failure
Repro), alternative data-cleaning branches (Data Cleaning) com-
pared by validation queries, deep search trees (MCTS), and wide
short-lived fanout patterns (Monte-Carlo Simulation).

Backend interface and microbenchmarks. BRANCHBENCH abstracts
each backend behind timed operations for branch creation, branch
connection, branch deletion, and SQL execution. Both mac-
robenchmarks and microbenchmarks use this interface, so measure-
ments are comparable across end-to-end workflows and isolated
operation studies. Macrobenchmarks compose these operations into
full branch-mutate—evaluate—prune executions and report com-
pletion time, branch-management fraction, and storage overhead.
Microbenchmarks reuse the same operations in scripted setup and
timed phases to isolate branch lifecycle costs, data and schema oper-
ations, and single- or multi-threaded execution effects. This shared
instrumentation lets BRANCHBENCH attribute workflow-level slow-
downs to specific measured components, such as branch lifecycle
latency, schema mutation cost, read-query latency, or contention
under concurrent execution.

3 EVALUATION ON NEON AND DOLT

We run BRANCHBENCH on Neon and Dolt because they were mature
enough to run our representative branchable-relational workloads;
other systems we considered, including Xata and TigerData, were
not yet mature enough for our macrobenchmarks due to constraints
such as high branch latency and small branch limits. Our goal is
therefore not to rank all branchable databases, but to show that
common workload definitions can expose architecture-specific bot-
tlenecks.

We use the most usable deployment mode available for each
system. Despite non-trivial effort, we could not run Neon’s open-
source version reliably, so we evaluate Neon through its hosted
cloud service in us-east-1. Dolt could be built and run from source,
so we run a source-built Dolt server on a c8i.4xlarge EC2 instance
in us-east-1. This is not a controlled apples-to-apples deployment:
Neon includes hosted control-plane and network effects, while Dolt
runs in a controlled EC2 environment. This affects absolute laten-
cies, but not our purpose of attributing bottlenecks: the dominant
effects we observe remain visible despite point network latency. A
system owner can remove this artifact by running BRANCHBENCH
in a fully controlled environment.
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Group Parameter Software Dev  Failure Repro  Data Cleaning MCTS  MC Simulation
Workers T 5 1 10 10 1000
Steps/worker S 20 10 20 100 1

Setup Cross-branch C 1 — 2 — 1
Root fanout F, 5 10 10 10 1000
Inner fanout F; 3 — 3 10 —
Depth D 3 1 3 25 1
Schema changes Mg 1 5 1 - -

Per-step Data mutations Mg 1 45 1 1 50
Read queries Q,, 2 1 1 1 1
Prune prob. y 0.1 1 — 0.1 1

Table 1: Representative BRANCHBENCH macrobenchmark instantiations. Setup parameters define the run shape and scale;
per-step parameters define the work performed at each step; — means the operation is absent.

Software  Failure Data MC
System Dev Repro  Cleaning MCTS  Simulation
Neon ~ v ~ ~ X
Dolt v v v ~ X

Table 2: Full-workflow capability for the two demonstration
systems within a two-hour timeout. vindicates completion,
Xindicates inability to execute the workload, and ~indicates
partial execution or timeout.

Software  Failure Data MC
System Dev Repro Cleaning MCTS  Simulation
Neon 4.0 GB 0B 4.7 MB 4.1 MB —
Dolt 93.1 MB 63.6 MB 94.1 MB 3.8 MB —

Table 3: Storage overhead per workflow for Dolt and Neon.

We instantiate two workload scales over the CH-benCHmark
schema [1]. The full configuration uses five warehouses and the
parameters in Table 1; Appendix A gives representative SQL tem-
plates. This configuration tests whether each system can support
the intended branch topology and lifecycle at scale. Because neither
system completed every full workflow within a two-hour time-
out, we also use a mini configuration with one warehouse and
reduced worker and step counts. The mini configuration preserves
each workflow’s per-step operation mix, allowing both systems to
complete comparable runs for bottleneck attribution.

Full macrobenchmark statistics. Table 2 reports the full configura-
tion, where BRANCHBENCH checks whether each system can execute
the intended branch lifecycle and topology at scale. Neither sys-
tem completes the full suite. Neon completes Failure Reproduction,
but only partially executes Software Development, Data Cleaning,
and MCTS because its hosted deployment limits the number of
concurrent live branches. In our experiments, Neon reached a 20-
active-branch limit even on its highest subscription tier; although
documented as a soft limit, such caps are a practical constraint for
workloads with many live speculative states. Dolt completes Soft-
ware Development, Failure Reproduction, and Data Cleaning, but
MCTS and Simulation become dominated by branch-local reads.

Figure 2 shows why both branch metadata and branch-local data
operations matter for progress: Neon advances quickly until hitting
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Figure 2: MCTS progress before timeout with full . With a
total of 1000 steps, Neon finished 33 steps before stalling at
the live-branch limit; Dolt slowly finished 170 steps before
timeout.
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Figure 3: End-to-end latency by workflow on the mini con-
figuration.

the live-branch cap, while Dolt continues branching but slows on
data-intensive joins.

Storage behavior. Table 3 reports storage at workflow end or
timeout. The same workload definitions expose different storage
behavior: Neon uses over 43X more storage on Software Dev be-
cause backfilled schema updates reduce page sharing, while Dolt
uses more storage on Failure Repro and Data Cleaning because
it retains pruned-branch history and materializes DEFAULT FALSE
columns. Note that Neon’s storage values should be treated as
order-of-magnitude evidence only: Neon and Dolt did not always
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Figure 4: Median operation latency for Neon and Dolt on mini macrobenchmark configurations.
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Figure 5: Branch creation and connection latency when cre-
ating x branches with x threads.

complete the same number of steps before timeout, and Neon’s
hosted metrics start after a delay and update only periodically. This
means Neon may under-report storage for workflows that create
and prune branches; Dolt was measured directly from the local
database directory.

Mini macrobenchmark statistics. The mini macrobenchmarks let
Neon and Dolt complete the same workloads. Figure 3 reports end-
to-end latency by workflow, and Figure 4 decomposes latency by op-
eration class. Across workflows, Neon spends most time in branch
management, while Dolt spends most time in branch-local data op-
erations. Neon executes branch-local SQL faster on these workloads,
but branch management is slower; Dolt branches cheaply, but range
reads and joins become 5-4000% slower than Neon’s, despite not
paying hosted-network round trips. DDL also diverges: Dolt materi-
alizes default values during data-cleaning schema changes, whereas
PostgreSQL-native engines treat them as metadata operations.

Microbenchmark breakdown. Microbenchmarks separate branch-
management cost from branch-local data-access cost. For branch
management, Figure 5 measures creating and connecting to x
branches with x client threads: Neon’s latency is substantially
higher because each branch must be registered through the hosted
control plane and attached to branch-specific compute, whereas
Dolt implements branch creation and checkout by updating lo-
cal metadata over versioned root hashes. For branch-local data-
intensive queries, Figure 6 measures range-read throughput as

- Dolt-RangeRead —¥- Neon - Range Read
~e— Dot - Read —4— Neon - Read

32 g Bl —— -

Throughput (ops/sec) (log scale)

2 8 32 128 512
Number of Branches (log scale)

Figure 6: Read capacity as the number of branches increases
(range size = 100).

branches increase: Neon’s per-branch compute improves aggre-
gate read capacity until the live-branch limit, while Dolt’s shared
process and prolly-tree traversal make throughput plateau. These
drill-downs show how BRANCHBENCH turns a coarse comparison
into attributable measurements; the microbenchmark suite also sup-
ports range updates, deletes, DDL, and new operation templates.

4 CONCLUSION

BrANCHBENCH provides a benchmark framework for making agen-
tic database branching reproducible and comparable. It turns specu-
lative exploration into explicit workload dimensions: branch topol-
ogy, lifecycle operations, branch-local SQL, cross-branch compar-
ison, and pruning. Its macrobenchmarks test whether a system
can execute complete branch-mutate—evaluate—prune workflows,
while its microbenchmarks isolate the primitive costs needed to
explain end-to-end behavior. Running BRANCHBENCH on Neon and
Dolt illustrates the benchmark’s diagnostic role: the same workload
definitions expose different limits and reveal trade-offs between
branch agility and branch-local query performance. More broadly,
BRANCHBENCH gives system users and builders a concrete way
to compare branchable database designs against the speculative
workloads they are meant to support.
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A MACROBENCHMARK QUERIES

This section provides examples of the queries used in the mac-
robenchmark.

A.1 Software Development

Schema Change:

ALTER TABLE customer ADD COLUMN loyalty_tier_xx;
Data Mutation (backfill):

UPDATE customer SET loyalty_tier_xx = (CASE WHEN ...);
Read (evaluate quality):

SELECT loyalty_tier_xx, COUNT(*) FROM customer GROUP
BY loyalty_tier_xx;

Compare (cross-branch):

SELECT loyalty_tier_xx, COUNT(x) AS tier_count,
AVG(c_ytd_payment) AS avg_payment

FROM customer GROUP BY loyalty_tier_xx;

CAIS’26 SAO Workshop, May 26, 2026, San Jose, CA

A.2 Failure Reproduction

Schema Change (replay):

ALTER TABLE order_line ADD COLUMN X;
ALTER TABLE orders ADD/DROP COLUMN Y;
ALTER TABLE customer ADD COLUMN Z;
Data Mutation (replay):

INSERT INTO orders (...);

UPDATE customer SET (...);

DELETE FROM order_line WHERE (...);

Read (invariant check):

SELECT DISTINCT o.o_id FROM orders
JOIN order_line ON (...)

GROUP BY (...) HAVING (...);

A.3 Data Cleaning

Schema Change (aux column):

ALTER TABLE customer ADD COLUMN c_clean_xx DEFAULT
FALSE;

Data Mutation (strategies):

UPDATE customer SET c_balance = @ WHERE c_balance IS
NULL ;

DELETE FROM customer WHERE c_balance IS NULL;

Read (correctness):

SELECT COUNT(CASE WHEN c_balance < @ THEN 1 END)

AS invalid FROM customer;

Compare (cross-branch):

SELECT COUNT(...) AS invalid,
MAX(c_ytd_payment)-MIN(c_ytd_payment) AS spread

FROM customer;

A.4 Monte Carlo Tree Search

Data Mutation:

UPDATE stock SET s_quantity = (...) WHERE (...);
Read (expected reward):

SELECT SUM(ol_amount) AS total_cost

FROM order_line JOIN warehouse ON (...);

A.5 Simulation

Data Mutation:

INSERT INTO orders (...);

UPDATE stock SET (...) WHERE (...);
INSERT INTO order_line (...);

Read (evaluate outcomes):

SELECT SUM(...) AS stockouts,
SUM(ol.ol_amount) AS total_cost
FROM stock JOIN order_line ON (...);

Compare (aggregate across branches):
SELECT AVG(stockouts), AVG(total_cost)
FROM all_branches.outcome_metrics;
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