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Abstract

Inside organizations, a question’s data often
sit with several owners, who query their own
tables but never hand them over. An LLM co-
ordinator can fan out, sending the question to
every owner at once, or relay, querying own-
ers in turn and reusing earlier rows. We show
that neither is safe in advance, because data
ownership decides which one is right. Across
thirteen settings on PeopleJoin and BIRD with
three model families, fan-out is more accurate
in twelve on questions one owner can answer,
yet answers at most 4.3% of those joining two
owners’ tables. The flip follows ownership, not
query shape: on BIRD two-table joins, fan-out
answers 32-44% when one owner holds both
and 1-4% otherwise. Relay wins by condition-
ing on returned rows, and hiding them from an
otherwise identical planner cuts two-owner ac-
curacy from 23.2% to 5.1%. Since ownership is
public, we propose Ownership-Aware Routing
(OAR), which drafts a schema-only SQL query,
counts the owners whose tables it joins, and
routes the question before any private row is
read. In ten settings OAR is never significantly
less accurate than the best fixed protocol, and
beats every fixed protocol on PeopleJoin, by up
to 9.3 points on held-out organizations.

1 Introduction

In a university, a hospital or a company, many ques-
tions put to an LLM assistant cannot be answered
from any single place. Course records may sit with
the registrar and salary data with human resources,
and each owner is willing to run a query over its
own tables but not to hand the tables over. People-
Join (Jhamtani et al., 2025) and iAgents (Liu et al.,
2024) study agents that gather facts held by other
users, and tool interfaces now expose such data
one query at a time (Schick et al., 2023; Anthropic,
2024). A coordinator must decide whom to ask,
what to ask and in what order, while every returned
row competes for a limited communication bud-

get. How it asks can decide whether a question is
answered at all.

Two ways of asking recur in existing systems.
A coordinator can fan out, sending the question to
all relevant owners in parallel and merging their
answers, much as parallel function calling runs
independent tool calls at once (Kim et al., 2024).
It can also relay, querying one owner at a time
so that each query can use rows returned earlier
(Figure 1). Relaying mirrors interleaved reasoning
and retrieval (Yao et al., 2023; Trivedi et al., 2023)
and the semi-join strategies of distributed databases,
which ship join keys instead of whole relations
(Bernstein and Chiu, 1981; Kossmann, 2000).

Prior work explained the success of such col-
laboration from two angles. Multi-agent studies
optimized the structure of communication, assign-
ing roles, wiring agents into graphs and pruning re-
dundant messages (Hong et al., 2024; Zhuge et al.,
2024; Qian et al., 2025; Zhang et al., 2025). Adap-
tive methods matched the strategy to the question
instead, choosing between one-step and iterative re-
trieval by question complexity (Jeong et al., 2024)
or learning a collaboration mode per query (Yue
et al., 2025). Both lines assumed that all agents
share one view of the data. On PeopleJoin itself, an
agent that sends the user’s question once to every
member trailed a reactive agent in aggregate (Jham-
tani et al., 2025). None of these accounts explains
why the same protocol succeeds on one question
and fails on the next over the same organization’s
data.

We find that the missing variable is data own-
ership, namely whether answering a question re-
quires joining tables held by different owners. On
PeopleJoin, and on BIRD (Li et al., 2023b) with its
tables distributed over owners, fan-out is typically
the more accurate protocol on questions that a sin-
gle owner can answer. Once the needed tables span
two owners, the ranking flips, and fan-out answers
at most 4.3% of the questions while relay answers
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Figure 1: (1) A coordinator answers a question over tables held by different owners, who publish their schemas
but keep their rows. (2) When the question joins tables of two owners, fan-out fails because Alice’s department
ids never reach Bob, while relay places them in its query to Bob. (3) OAR drafts one SQL query over the public
schema, counts the owners whose tables it joins (its owner cover «, Equation 1), and routes the question before any

private row is read.

up to 47.9% (Figure 2). In all thirteen settings we
evaluate, relay’s advantage over fan-out is 16 to 57
points larger on two-owner than on single-owner
questions, across three model families and on 600
questions never used during development. The flip
follows ownership rather than query shape. BIRD
deals tables to owners by hashing their names, and
on joins of two tables fan-out answers 32-44%
when one owner holds both and 1-4% when two
owners do. When owners merely hold different
rows of one table, no join is needed and fan-out
usually keeps its lead.

The cause is mechanical. A join across owners
needs the keys held by one owner to select the
matching rows of the other. Owners that answer
independently never see those keys, and a relay
planner that cannot see the rows already returned
loses most of its advantage on both benchmarks.

Ownership is decided by who holds which table,
and that information is public even when the rows
are not. This lets the coordinator predict the better
protocol before it touches any private data, and we
turn the observation into Ownership-Aware Rout-
ing (OAR). OAR asks the model for one draft SQL
query over the public schema, maps the tables in
the draft to their owners, and sends the question to
relay when the draft needs two or more owners and
to fan-out otherwise. The draft is never executed. It
only exposes the question’s ownership structure, at

the cost of one model call and without any training.

Across ten settings, OAR is never significantly
less accurate than the best fixed protocol chosen in
hindsight. On PeopleJoin it exceeds that protocol
for all three model families, by 2.4-3.3 points, and
by 7.3-9.3 points on 108 organizations that played
no part in its design. On BIRD, where most ques-
tions span several owners, OAR improves fan-out
by 14-19 points and stays within 2.7 points of the
strongest fixed protocol. When the measured ac-
curacies are reweighted to any mix of single- and
two-owner questions, OAR never falls more than
3.8 points below the better of fan-out and relay,
while fan-out can fall 46.5 points behind.

Our contributions are threefold:

* We identify joins across owners as the vari-
able that decides whether fan-out or relay an-
swers a question, in thirteen settings over 134
databases and with the query shape held fixed.

* We trace the reversal to conditioning on re-
turned rows: hiding them from a relay planner
erases most of its advantage, and planning all
queries in advance recovers only part of it.

* We propose OAR, a one-call router that reads
ownership from a schema-only draft and out-
performs every fixed protocol on PeopleJoin
as well as routing on question difficulty or on
the model’s own choice of protocol.



Sections 2 to 4 define the task, the protocols and the
setup, Section 5 presents the findings and Section 6
the router.

2 Problem Setup

An organization consists of owners 01, . . ., 0p,, and
owner o; holds a set of tables 7; (Figure 1, panel 1).
A coordinator receives a natural-language ques-
tion together with a public catalog that lists, for
every owner it can reach, the names and columns
of the tables it holds, but none of their rows. The
coordinator may send an owner the question or a
read-only SQL query, and the owner runs a query
on its own tables and returns the result rows. We
assume that an owner may see the literal values,
such as join keys, that the coordinator copies into
a query to it (see Ethical Considerations). The
rows that owners return, together with the queries
and provenance that travel with them, are charged
against a per-question budget of B tokens, with
B = 2048 unless stated otherwise. The coordi-
nator finally returns a set of rows or declares the
question unanswerable. An answer is correct when
its rows equal the reference rows as a multiset, and
an unanswerable question counts as correct only
when the coordinator abstains.

To describe how the evidence for a question is
distributed, we use the owner cover of a SQL query.
For a query () that references the set of tables 7'(Q),
it is the smallest number of owners whose tables
jointly contain 7'(Q):

min
SC{1,....m

K(Q) = }{ISI 1 T(Q) € Uies Ti}- (1)

Evaluated on a question’s reference SQL, « sep-
arates questions whose tables one owner holds
(k = 1) from two-owner questions (x = 2) and
from questions that need three or more owners. A
table may also be split by rows across owners, as
PeopleJoin does for one table in many of its or-
ganizations. Combining such rows takes a union,
to which each holder contributes its rows indepen-
dently, so in Equation 1 any holder counts as hold-
ing the table and x counts the owners whose tables
a query must join. Among questions with xk = 1,
we call those that read a split table row-split and the
others single-owner, since one owner then holds
every needed row. No protocol sees the reference
query, so the reference cover serves only for analy-
sis. OAR (Section 6) applies the same definition to
a draft that the coordinator writes itself.

3 Fan-out and Relay

The two protocols start from the same contacted
owners and the same budget, and they differ in how
they query those owners (Figure 1, panel 2). On
PeopleJoin the coordinator contacts the asking user
and the three colleagues whose public descriptions
best match the question under BM25. Relay may
also follow up to two referral messages found in
these owners’ documents. On BIRD every owner
is contacted. Appendix A gives the prompts and
limits.

Fan-out. Each contacted owner receives the ques-
tion and its own schema, writes one SQL query that
computes the most useful local partial result, and
returns up to 100 rows (8,000 bytes). The results
of the other owners are packed into the budget and
passed, together with the asking user’s own result,
to a receiver call that composes the answer. No
owner sees another owner’s rows, which lets all
owners work in parallel.

Relay. A planner queries owners one at a time. At
every step it sees the question, the owners’ schemas,
and the queries and rows obtained so far, and it ei-
ther sends one owner the next SQL query or stops.
It is instructed to obtain a small filtered set of join
keys first and to place those literal keys in its query
to the next owner. The planner issues at most five
queries, each returning up to 20 rows (1,600 bytes).
A receiver call composes the answer from executed,
untruncated results only, and it sees the SQL that
produced each result. Relay attaches this prove-
nance at the end and reserves a fixed 256-token
share of the budget for it. Relay+ instead attaches
the SQL to each result as it is returned and charges
it immediately, so no share has to be reserved.

4 Experimental Setup

Evaluation pools. Table 1 summarizes the six
pools. The two benchmarks complement each other.
PeopleJoin-QA (Jhamtani et al., 2025) distributes
the tables of Spider databases (Yu et al., 2018) over
the members of simulated organizations, while on
BIRD we assign tables to owners by a rule that
ignores the questions. We give every PeopleJoin
member an owner-local SQL interface to the tables
in their documents. PJ-8a and PJ-8b are disjoint
question samples from the same eight organiza-
tions, on which the routing rule was developed,
and PJ-7 contains 511 questions from seven fur-
ther organizations. PJ-Unseen holds 300 questions



Pool DBs Qs 1l-own. Split 2-own. Models

PJ-8a 8 96 41 2 36 DS

PJ-8b 8494 275 14 138 DS, So
PJ-7 7 511 203 45 134 DS, So, Qw
PJ-Unseen 108 300 147 29 71 DS, Qw
BIRD 11 500 130 — 293 DS, So, Qw
BIRD-Unseen 11 300 68 - 171 DS, Qw

Table 1: Evaluation pools. Single-owner, row-split and
two-owner counts use the reference cover « (Section 2).
The other questions need three or more owners, are
unanswerable or have references whose tables could not
be resolved. DS, So, Qw: DeepSeek, Sonnet, Qwen.

from 108 organizations that were never used dur-
ing development. For BIRD (Li et al., 2023b) we
distribute the tables of each database over up to
four owners with a fixed rule that hashes the ta-
ble names and use the 500 Mini-Dev questions.
BIRD-Unseen adds 300 development-set questions
outside Mini-Dev (Appendix B). Every pool was
drawn from public identifiers before any model
saw it, and the routing rule of Section 6 was fixed
before the PJ-7, BIRD and unseen evaluations on
which routers are compared.

Models. The three model families cover an open-
weight model run locally and two API models from
different providers. We run DeepSeek-V4.1-Flash
(DeepSeek-Al, 2026) through its API, with two
runs per question on PJ-8, PJ-7 and BIRD and
one on the unseen pools, Claude Sonnet 4 (An-
thropic, 2025) through OpenRouter with one run,
and Qwen3.8-27B (Qwen Team, 2026) locally with
5-bit weights and one run. All calls use tempera-
ture 0 and at most 1,024 output tokens. Fan-out,
relay and the router OAR (Section 6) run on every
pool except the two PJ-8 samples, which compare
fan-out and relay. Relay+ and OAR+ run with
DeepSeek on PJ-7 and with DeepSeek and Qwen
on BIRD and both unseen pools.

Statistics. Scores are averaged over runs within
each question. Confidence intervals are 95% per-
centile intervals from 10,000 paired bootstrap re-
samples of questions. For the interaction between
protocol and ownership, the single-owner and two-
owner strata are resampled separately, and Ap-
pendix D also resamples whole databases. Code,
prompts and per-question results are included in
the supplementary material.

One owner Two owners
Setting FO RL FO RL Diff.
BIRD, DS 364 250 42 259  +33.0
BIRD, So 31.8 273 3.0 289 +304
BIRD, Qw 364 273 27 30.0 +36.5
BIRD-Uns.,DS 444 222 1.3 239 +449
BIRD-Uns.,Qw 389 389 3.1 346 +31.4

Table 2: Accuracy (%) on questions whose reference
SQL joins exactly two tables, by whether the hash-based
partition gives both tables to one owner (44 questions
on BIRD, 18 on BIRD-Unseen) or to two (263 and 159).
FO: fan-out, RL: relay. Diff.: fan-out’s lead with one
owner minus its lead with two, in points, with every
95% interval above zero.

5 Ownership Decides Which Protocol
Wins

5.1 The winner flips with ownership

Fan-out wins when one owner holds the needed
tables and collapses when they span two owners
(Figure 2). On single-owner questions, fan-out is
more accurate by 2.2 to 15.1 points on PeopleJoin
and by 6.9 to 18.5 points in four of the five BIRD
settings, while relay leads by 1.5 points on BIRD-
Unseen with Qwen. On two-owner questions, fan-
out answers 0.0-4.3% of the questions correctly in
every setting, while relay reaches 11.6-47.9%.

The reversal holds in every setting. We summa-
rize the reversal by the interaction between protocol
and ownership, defined as relay’s advantage over
fan-out on two-owner questions minus its advan-
tage on single-owner questions. The interaction
ranges from +16.2 points on PJ-7 with DeepSeek
to +56.7 points on PJ-Unseen with DeepSeek, and
its 95% interval excludes zero in all thirteen set-
tings (Appendix C). Even on BIRD-Unseen with
Qwen, the one setting where relay leads on single-
owner questions, it is +29.5 points. The effect is
also consistent inside individual databases: the in-
teraction is positive in 74 of the 78 per-database
estimates available for PJ-8, PJ-7 and BIRD.

The flip follows ownership, not query shape. A
two-owner question also joins at least two tables,
so the flip could reflect query shape rather than
ownership. BIRD separates the two: its owners are
dealt tables by hashing the table names, so whether
the two tables of a join fall to one owner is un-
related to the question. Among questions whose
reference SQL joins exactly two tables (Table 2),
when one owner holds both tables, fan-out answers
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Figure 2: Accuracy of fan-out and relay on single-owner questions (left) and two-owner questions (right) in all
thirteen settings. Diamonds mark OAR in the ten settings where it runs. Fan-out leads on the left and collapses on
the right, while OAR stays close to fan-out on the left and to relay on the right.

32-449% of them and is never less accurate than re-
lay. When two owners hold them, fan-out answers
1-4%, while relay answers 22-39% in both cases.
PeopleJoin offers the converse case. Many of its
organizations split the rows of one table between
two members, so some questions need two owners
but no join. On these row-split questions fan-out
leads relay in six of the eight PeopleJoin settings,
by 2.2 to 44.8 points, including all five settings on
PJ-7 and PJ-Unseen (Table 4 in Appendix C). The
protocol is decided by a join across owners, not by
the number of tables or owners involved.

5.2 Relay wins by conditioning on returned
rows

A two-owner question requires matching rows
across owners, because the rows of one owner de-
cide which rows of the other are relevant (Figure 1).
Fan-out owners write their queries without seeing
each other’s results, so neither side can restrict its
rows to the matching keys and the rows the join
needs rarely reach the receiver, which abstains on
78-90% of the two-owner questions (Appendix C).
Relay can put the keys it has already received into
its next query.

Hiding returned rows removes relay’s ad-
vantage. We test this account on PJ-8b with
DeepSeek. We take the Relay+ planner without
its key-passing instruction and run it in two con-
ditions that differ in one switch: it either sees the
rows returned so far or only learns that its queries
executed. Hiding the rows lowers accuracy on two-
owner questions from 23.2% to 5.1% (Figure 3,

PJ-8b BIRD BIRD
DeepSeek DeepSeek Qwen
Rows hidden | |5.1 3.4 2.7
Planned in advance /6.9 82-4 4.1
Fan-outl2.9 I3.8 I3.1

0 20 0 20 0 20

Two-owner accuracy (%)

Figure 3: Two-owner accuracy in the mechanism ex-
periments. The first two bars show the Relay+ planner
without its key-passing instruction, with the returned
rows visible or hidden. The planned variant writes all of
relay’s queries before any row returns. With Sonnet on
PJ-8b the comparisons point the same way with smaller

gaps.

—18.1 points, 95% CI [—24.6, —12.0]) and leaves
single-owner accuracy unchanged at 42.9% versus
43.3%. The planner without rows even issues 14%
more calls, so the loss does not come from fewer
queries. On BIRD, hiding the rows costs the plan-
ner 17.7 points of two-owner accuracy with Qwen
and 15.9 points with DeepSeek, down to the level
of fan-out, while single-owner accuracy again stays
unchanged (Appendix C.2). Relay’s advantage on
two-owner questions comes from conditioning later
queries on earlier rows.

Successful relay runs pass keys. Traces from
all ten evaluation settings show the same behav-
ior (Table 9 in Appendix C). We say that a relay
run passes a key when a later query to one owner
contains a literal value that a different owner re-
turned earlier, as in the example of Table 8. On



two-owner questions, relay passes a key in 45-92%
of its runs. These runs produce 93-98% of relay’s
correct two-owner answers on BIRD and 85-91%
on PJ-Unseen. With DeepSeek and Qwen on BIRD
and PJ-Unseen, runs that pass a key are 3.1 to 8.6
times as accurate as runs that do not.

Planning is not enough. A coordinator could
instead plan every owner’s query from the public
schema and run them in parallel. Our planned vari-
ant of relay writes up to five queries, including the
join-key columns that a cross-owner answer needs,
before any row returns, and keeps everything else
of relay (Appendix A). On the two-owner questions
of PJ-8b it answers 6.9% with DeepSeek (Figure 3)
and 28.3% with Sonnet, 18.1 and 7.2 points below
relay (Figure 2). On BIRD it answers 4.1% with
Qwen and 2.4% with DeepSeek, within 1.4 points
of fan-out and 24.6 and 22.1 points below relay.
On single-owner questions it trails fan-out by 14 to
35 points. Planning helps only as far as the planner
can anticipate the keys, whereas relay reads them
from the rows that come back.

Limits, reach and budget do not explain the col-
lapse. Fan-out has the larger row limit and, on
PeopleJoin, reaches fewer owners. Yet it answers at
most 5.2% of the two-owner questions whose own-
ers are all among its initial contacts, against 10.3—
55.6% for relay. Restricted to questions whose
reference answer has at most 20 rows, relay’s per-
query limit, the interaction still ranges from +14.6
to +55.9 points, with every interval above zero. On
BIRD both protocols contact every owner, and the
interaction still ranges from +29.5 to +39.1 points.
Halving or quadrupling B on BIRD with Qwen
keeps the interaction between +31.7 and +34.3
points (Appendix C).

6 Ownership-Aware Routing

6.1 Routing by a schema-only draft

Section 5 showed that fan-out fails on questions
that join tables of different owners, while relay
trails it on most questions that one owner can an-
swer. Which owners a question needs is visible
in the public catalog, so the better protocol can be
chosen before any private row is read. Ownership-
Aware Routing (OAR) makes this choice with one
extra call before any owner is contacted. The model
receives the question and the public catalog of the
owners that relay can reach and is asked for one
read-only SQL query Q whose result contains ex-

actly the requested columns and rows, or an empty
query if no safe answer exists. OAR extracts the ta-
bles named in the draft’s FROM and JOIN clauses,
maps them to owners through the catalog, and com-
putes the draft’s owner cover (Q) with Equation 1.
It routes the question to relay if x(Q) > 2. The rule
has no parameter to tune, since a join across own-
ers involves at least two of them. All other ques-
tions go to fan-out, including those whose draft is
empty, malformed, or names a table that no reach-
able owner holds. The draft is stored before routing
and is never executed or shown to the chosen proto-
col, so OAR reads no private rows. We write OAR+
for the same router with Relay+ as its relay branch.

6.2 OAR is robust across settings

In no setting is OAR significantly less accurate than
the most accurate fixed protocol of that setting, cho-
sen in hindsight (Table 3). On the five PeopleJoin
settings it is more accurate than every fixed pro-
tocol, leading the best one by 2.4 to 3.3 points
on PJ-7 and by 9.3 and 7.3 points on PJ-Unseen
with DeepSeek and Qwen, and every 95% interval
of these differences lies above zero (Table 11 in
Appendix C). Because OAR uses, for every ques-
tion, the fan-out or relay run of that same question,
each difference from a fixed protocol comes from
routing alone.

OAR Kkeeps the strength of each protocol. Peo-
pleJoin mixes question types (Table 1), and a fifth
of the PJ-7 questions cannot be answered from the
organization’s data. Figure 2 and Table 4 in Ap-
pendix C show that OAR keeps fan-out’s accuracy
on single-owner, row-split and unanswerable ques-
tions and most of relay’s accuracy on two-owner
questions, a combination that no fixed protocol
achieves. With DeepSeek on PJ-7, for instance,
OAR abstains correctly on 92.5% of the unanswer-
able questions, against 78.3% for relay, and it an-
swers 10.1% of the two-owner questions, against
none for fan-out.

On BIRD, OAR follows relay. More than 70%
of the BIRD questions need several owners, and
OAR routes most of them to relay. It improves
on fan-out by 14.0 to 19.0 points in the five BIRD
settings and differs from the best fixed protocol
by 0.0 to —2.7 points, with every 95% interval
of the difference including zero. OAR+, which
routes to Relay+, is the most accurate protocol
with DeepSeek on both BIRD pools, at 31.6% and
32.0% (Appendix C.3).



Fixed protocols

Other routers

Ownership routing

Setting Fan-out Relay Relay+ Self Ask Difficulty OAR OAR+
PJ-7, DeepSeck 39.5 36.9 38.1 38.6 39.7 - 42.01 414
PJ-7, Sonnet 39.3 31.1 - - - - a5t -
PJ-7, Qwen 41.3 415 - 43 434 - 44.2f -
PJ-Unseen, DeepSeek 52.7 54.0 53.0 60.9 58.3 - 63.31 61.3
PJ-Unseen, Qwen 55.7 57.7 56.7 62.7 60.0 - 65.0 65.0
BIRD, DeepSeek 14.5 25.2 30.3 27.4 28.5 20.8 28.8 31.6
BIRD, Sonnet 13.8 29.2 - - - 22.2 29.2 -
BIRD, Qwen 14.6 31.6 33.0 27.4 314 23.6 314 31.4
BIRD-Unseen, DeepSeck 14.0 24.3 30.7 25.7 27.3 20.0 28.0 32.0
BIRD-Unseen, Qwen 13.0 33.0 333 30.7 32.3 26.0 32.0 32.0

Table 3: Accuracy (%) of the fixed protocols and the routers. Each router picks the saved fan-out or relay run of
a question by the model’s choice (Self), by the owners the model says the question needs (Ask), by BIRD’s gold
difficulty labels (Difficulty) or by the draft’s owner cover (OAR). Bold marks the highest accuracy in each row, and
 marks OAR when its 95% interval against the best fixed protocol lies above zero (Appendix C).

OAR is robust to the question mix. Reweight-
ing the stratum accuracies predicts how each pro-
tocol would fare on any mix of single-owner and
two-owner questions (Figure 4 in Appendix C).
Across all ten settings and all mixes, OAR is never
more than 3.8 points below the better of fan-out
and relay, whereas fan-out can fall 46.5 points and
relay 18.5 points behind. At intermediate mixes
OAR exceeds both in nine of the ten settings, by up
to 8.5 points on BIRD and 7.3 points on PJ-Unseen
with DeepSeek, because it keeps the better protocol
on each kind of question.

OAR costs about as much as relay. Including
its draft call, OAR costs 0.9 to 1.2 times as much as
relay and 1.4 to 1.9 times as much as fan-out in the
four API settings on PJ-7 and BIRD. Relay makes
3.4 to 4.6 model calls per question in sequence,
against two rounds for fan-out with parallel owners
and one more call for OAR’s draft. In our imple-
mentation, which queries fan-out’s owners in turn,
relay took about as long as fan-out with the API
models and up to 1.8 times as long with Qwen
(Appendix C.3).

6.3 Why routing by a draft works

The ablations below reroute the same saved runs
by the reference cover, by other routing signals and
by drafts from a smaller model, to test whether
the draft reveals ownership and how much better
knowledge of ownership could add.

Ownership is legible in the draft. When the
draft needs two or more owners, the reference
query does as well in 88-99% of the cases, and the
draft identifies 59-91% of all multi-owner ques-

tions (k > 2, Table 13 in Appendix C). High pre-
cision keeps single-owner questions with fan-out.
With drafts from Llama-3.1-8B, OAR is not signif-
icantly less accurate than the best fixed protocol in
any PeopleJoin setting and stays 10 to 15 points
above fan-out on BIRD (Appendix C.3).

OAR comes close to an ownership oracle. An
oracle that routes every question by its reference
cover shows what perfect knowledge of ownership
would achieve. On PJ-7 this oracle improves on the
best fixed protocol by 3.0-4.1 points, and on PJ-
Unseen by 11.3 and 7.7 points with DeepSeek and
Qwen. OAR attains 81-96% of these gains from
the draft alone, and perfect knowledge of owner-
ship, however obtained, would add at most 2.4
points in any of the ten settings. On BIRD, even an
oracle with the stronger relay executor adds at most
2.8 points over the best fixed protocol, because re-
lay already handles the multi-owner majority.

Owner cover against other routing signals.
Routing the same draft on whether it references at
least two tables, or on whether it contains a JOIN,
stays within 1.4 points of OAR in the six settings
where these variants run. The proxies nearly coin-
cide with owner cover on PeopleJoin, where every
member holds at most one table. They part on
the 44 BIRD questions that join two tables of one
owner, where fan-out is the better protocol (Table 2)
and OAR is 4.5 to 9.1 points more accurate than
routing on table count. Asking the model which
owners a question needs fails on the converse case,
sending 47-90% of the row-split questions, which
need two owners but no join, to relay. Letting the
model choose a protocol trails OAR by 1.3 to 4.0



points, and routing by BIRD’s difficulty labels by
6.0 to 8.0 points (Table 3). Owner cover tracks the
join that key passing serves, which none of these
signals captures.

A retry after fan-out helps only on BIRD. Two-
owner questions that the draft misses are answered
at most 10% of the time under fan-out, against
15-52% for those it sends to relay. Retrying with
relay whenever fan-out abstains adds 0.7 to 2.2
points to OAR on BIRD, but changes PeopleJoin
accuracy by —8.2 to +1.3 points, because fan-out’s
abstention there is often the correct answer to an
unanswerable question (Appendix C.3).

7 Related Work

Multi-agent collaboration. LLM-based multi-
agent systems assign agents roles and conversation
patterns (Li et al., 2023a; Hong et al., 2024; Wu
et al., 2024a), let them debate (Du et al., 2024),
and learn or prune the graphs along which they
communicate (Zhuge et al., 2024; Qian et al., 2025;
Zhang et al., 2025). Lin et al. (2026) trace failures
to the messages passed between agents (see also
Guo et al., 2024). These systems share the task
input and study how agents should talk. We study
agents that hold different data, where the flow of
rows between them decides whether a question can
be answered at all.

Collaboration under information asymmetry.
iAgents (Liu et al., 2024) let agents exchange their
users’ private information to complete shared tasks.
Privacy studies show that models disclose context
they should withhold (Mireshghallah et al., 2024),
which motivates keeping rows with their owners.
PeopleJoin (Jhamtani et al., 2025) evaluates agents
that gather information from the members of an
organization and finds that a reactive agent out-
performs one that messages every member once.
ECHO improves such agents by learning online
from their trajectories (Hu et al., 2026). We build
on PeopleJoin’s organizations and show that the
ranking of these two styles, which our relay and
fan-out formalize, depends on whether each ques-
tion joins data across owners.

Adaptive execution strategies. Sequential meth-
ods interleave reasoning with tool calls or retrieval
(Yao et al., 2023; Press et al., 2023; Trivedi et al.,
2023) or solve subproblems in order (Zhou et al.,
2023), and LLMCompiler runs independent calls
in parallel (Kim et al., 2024). FanOutQA (Zhu

et al., 2024) applies the term fan-out to questions
over many documents rather than to a protocol.
Adaptive-RAG selects a retrieval strategy from pre-
dicted question complexity (Jeong et al., 2024),
RouteLLM selects between models (Ong et al.,
2025), and MasRouter learns a collaboration mode,
roles and models for each query (Yue et al., 2025).
OAR is a training-free strategy router whose signal,
the ownership that a schema-level draft exposes
before any data is accessed, outperforms BIRD’s
difficulty labels, and perfect knowledge of own-
ership, however obtained, would add at most 2.4
points (Section 6.3).

Text-to-SQL and distributed query processing.
Spider and BIRD (Yu et al., 2018; Li et al., 2023b)
evaluate SQL generation over single databases, and
multi-agent pipelines such as MAC-SQL divide
it among specialized roles (Wang et al., 2025).
CSMA splits the schema of one database across
agents that keep their parts private and cooperate to
write a single query (Wu et al., 2024b). In our set-
ting the catalog is public and the rows are private,
so we study how to query the owners. Distributed
and federated database systems have long chosen
between shipping data and semi-join reduction ac-
cording to where relations reside (Bernstein and
Chiu, 1981; Sheth and Larson, 1990; Kossmann,
2000). OAR brings this placement-aware choice
to LLM agents that can neither see nor move the
owners’ tables.

8 Conclusion

An LLM coordinator that queries several data own-
ers must choose how to ask them, and data own-
ership decides which protocol is right. Fan-out
usually leads when one owner holds the needed
tables but fails once a question joins tables of two
owners, because only relay conditions its queries
on the rows already returned. Since who holds
which table is public, OAR reads ownership from
one schema-only draft and routes each question
before any private row is read. In ten settings on
two benchmarks with three model families, it is
never significantly less accurate than the best fixed
protocol and beats every fixed protocol on People-
Join. Reading who holds the data before deciding
how to collaborate is a simple principle for agents
that work over data no single agent holds.



Limitations

We study two protocol families under a per-
question communication budget, which we vary
only on BIRD with Qwen. Correctness is a strict
match of row multisets, complemented by row-
level F1. Ownership in BIRD is assigned by a
fixed hashing rule, which separates ownership from
query shape by design, and PeopleJoin supplies
simulated organizations whose members each hold
at most one table. Organizations that keep related
tables with one owner would produce more single-
owner joins, the case in which owner cover and
table count disagree. Such placements also change
the mix of single- and two-owner questions, and
Section 6.2 reweights the measured accuracies to
every such mix. A coordinator reaches at most six
owners and thirteen tables per question, so very
large catalogs may require retrieving candidate ta-
bles before drafting. The owner cover that defines
the question strata is computed from reference SQL
for analysis only, while OAR relies on a model-
written draft whose quality depends on the model.
OAR also assumes a public catalog of who holds
which tables and one extra model call before any
owner is contacted. Our experiments cover English
questions over relational tables and three model
families, and Relay+ runs with two of them. Own-
ers that hold documents or other non-relational
data, and budgets that differ across owners, are
natural extensions.

Ethical Considerations

All data come from two public research bench-
marks, used as released: PeopleJoin-QA, built on
Spider and distributed under CDLA-Permissive-
2.0, and BIRD, distributed under CC BY-SA 4.0.
Some BIRD databases contain public records about
real people, such as the names and birth dates of
athletes, and we report aggregate results and one
illustrative trace that shows only an opaque record
id. No human subjects were involved. Our setting
is motivated by keeping data with their owners. In
every protocol owners run queries locally and only
result rows leave an owner. Under relay, some of
these rows, typically join keys, also reach the next
owner inside the coordinator’s queries. Where one
owner’s keys must not reach another, routing can
be restricted to fan-out, and our results measure
what this costs on joins across owners. Private set
intersection (Freedman et al., 2004) could instead
let owners find matching keys without revealing

the rest, at additional cost. Routing reads only the
public catalog, but the catalog itself reveals which
owner holds which data. A compromised coor-
dinator could also send crafted queries to several
owners. Our owners accept only read-only queries
over their own tables and cap the rows they return.
Deployments would also need access policies and
auditing at each owner.
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A Protocol Details

Contacted owners. On PeopleJoin the coordi-
nator acts for the asking user and ranks the other
members by BM25 (k; = 1.2, b = 0.75, stop-
words removed) between the question and their
public descriptions. The asking user and the top
three members form the initial contacts, which fan-
out uses as its owner set. Relay, Relay+ and the
OAR draft may add at most two owners named
in referral messages in the contacts’ documents.
On BIRD the four owners of each database are all
contacted.

Fan-out. Each contacted owner receives the ques-
tion and its local schema with the instruction: “Pro-
duce exactly one read-only SQLite SELECT or
WITH SELECT query using only listed local tables
and columns. Compute the most useful local partial
result for the question; return JSON {"sql":"..."}. If
the needed table is not here, return {"sql":""}. Do
not assume access to other owners.” Queries run
locally with a limit of 100 rows and 8,000 bytes.
The asking user’s result is supplied to the receiver
directly. The results of the other owners enter the
receiver’s input in contact order, each in full, as
long as the serialized list fits the 2,048-token bud-
get, and a result that would exceed it is left out.
The receiver’s instruction reads: “Combine only
the supplied local and peer results. Return JSON
with unanswerable boolean and answer_rows list
of lists. If a needed relation was absent, do not
fabricate it.”

Relay. The planner sees the question, the own-
ers’ schemas, referral messages, prior results and
the remaining budget. Its instruction reads: “Plan
the NEXT most informative read-only SQLite SE-
LECT query on exactly one owner. For cross-
owner joins, first obtain a small filtered set of join
keys; on the next step use those literal keys in a
query to another owner. Do not SELECT * or re-
turn full tables. Use WHERE/aggregate/LIMIT to
send only relevant rows.” The planner also sees the
list of its earlier queries. It may issue five queries,
including a second, different query to an owner it
already queried. Each result is limited to 20 rows
and 1,600 bytes. The executed SQL of every result
is attached for the receiver after the last query, and
256 tokens of the budget are reserved for it. A run
stops if this provenance does not fit. The receiver
answers from executed, untruncated rows and ab-
stains when needed rows or owners are absent.

Relay+. Relay+ runs the same kind of planner
loop with the same key-passing instruction. Each
result carries its executed SQL from the moment
it is returned, so the planner and the receiver both
see it, and every query and result is charged against
the budget as it is produced. A result that would
exceed the remaining budget is replaced by a short
status message, and no fixed share of the budget is
reserved.

Planned parallel. The planned variant of relay
in Section 5.2 makes one planning call with the
input of relay’s first step. Its instruction reads: “Be-
fore seeing any query results, plan at most 5 read-
only SQLite SELECT queries, each for exactly one
listed owner. Choose filtered, narrow partial re-
sults, including join-key columns and the attributes
needed to answer cross-owner questions. Do not
SELECT * or return full tables.” The planned
queries then run through relay’s executor with its
limits, budget, provenance and receiver. It was run
on PJ-8b with DeepSeek and Sonnet and on BIRD
with Qwen and DeepSeek.

OAR. The draft prompt lists the tables and
columns of the reachable owners and reads: “Write
one read-only SQLite SELECT or WITH SELECT
over only these tables. The SQL result must con-
tain precisely the requested answer columns and
rows, with no explanatory columns. Return JSON
{"sql":"..."}; return an empty sql string if no safe an-
swer is possible.” Tables are extracted from FROM
and JOIN clauses with a regular expression, includ-
ing those inside subqueries, and the owner cover
of the extracted tables is computed exactly by enu-
merating owner subsets. Every table has a single
holder except the row-split tables of PeopleJoin,
which have two, so the cover equals the number of
distinct holders unless a row-split table is involved,
and the enumeration stays small. A name that no
reachable owner holds, such as that of a common
table expression, leaves the cover undefined and
sends the question to fan-out. The route is stored
before any protocol call. SQL errors are returned to
the coordinator as a status, and a model reply that
cannot be parsed ends the run, which then counts
as incorrect.

Centralized reference. The centralized refer-
ence executes the draft once on a merged database
containing the tables of all reachable owners, with
a limit of 100 rows and 8,000 bytes. It shares
the draft with OAR and differs only in reading ev-



ery owner’s rows, which our setting forbids, so
it measures the draft itself rather than a deploy-
able protocol. It reaches 46.5, 51.3 and 42.9% on
PJ-7 with DeepSeek, Sonnet and Qwen, 71.7 and
73.7% on PJ-Unseen with DeepSeek and Qwen,
44.9, 42.0 and 42.2% on BIRD with the same three
models, and 45.0 and 39.3% on BIRD-Unseen with
DeepSeek and Qwen.

B Evaluation Pools

PeopleJoin. PJ-8a contains 12 questions from
each of eight organizations, selected by a hash
of their public identifiers before any model was
run. PJ-8b contains the remaining 494 questions
of the same organizations. PJ-7 contains 511 ques-
tions from seven other organizations, locked by
identifier before evaluation. PJ-Unseen draws 300
questions, by a hash of their identifiers, from the
PeopleJoin-QA organizations that none of our ear-
lier experiments used and whose member data are
available. The sample covers 108 organizations,
with at most three questions per organization and
one question per duplicated reference SQL. Unan-
swerable questions are kept at their natural rate,
20.7% of PJ-7 and 10.7% of PJ-Unseen. Every
PeopleJoin member holds at most one table. In 53
of the 123 organizations of our pools, the rows of
one table are split between two members, which
Section 2 treats as row-split.

BIRD. Each database’s tables are or-
dered by the SHA-256 hash of the string
v44-bird-20260928| followed by the table
name and dealt to min(4,n) owners in turn,
where 7 is the number of tables. The assignment
depends only on table names, never on questions.
Every owner holds a physically separate SQLite
file with its own tables. BIRD uses the 500
Mini-Dev questions. BIRD-Unseen samples 300
development questions outside Mini-Dev with
all 43 challenging, 150 moderate and 107 simple
questions by the original difficulty labels, and
it is scored against the November 2025 cleaned
annotations.

C Additional Results
C.1 The reversal (Section 5.1)

Per-stratum accuracy. Table 5 extends Table 4
with Relay+, OAR+ and the questions that need
three or more owners, where fan-out answers three
questions in total across all settings. On the row-

split questions of PJ-8a (2) and PJ-8b (14), fan-out
answers 0.0% on PJ-8a and 0.0 and 28.6% on PJ-
8b with DeepSeek and Sonnet, against 25.0, 7.1
and 14.3% for relay. On the unanswerable People-
Join questions with DeepSeek, Relay+ abstains cor-
rectly on 88.7% (PJ-7) and 66.7% (PJ-Unseen) and
OAR+ 0n 92.9% and 72.2%. On BIRD, eight Mini-
Dev and twenty BIRD-Unseen references could
not be parsed into tables and are omitted from the
strata.

Interaction. Table 6 lists the interaction for every
setting. Per database, the interaction is positive in
7 of 7 PJ-7 databases with DeepSeek and Qwen
and 6 of 7 with Sonnet, in all 11 BIRD databases
with each of the three models, in 8 of 8 and 7 of
8 PJ-8b databases with DeepSeek and Sonnet, and
in 6 of the 8 PJ-8a databases, whose strata contain
between one and nine questions each.

Ownership with the query shape fixed. The
95% intervals of the differences in Table 2 are
[19.4,47.1], [16.7,44.4], [26.6,47.5], [25.7,66.5]
and [14.2,48.7].

C.2 The mechanism (Section 5.2)

How runs fail. Table 7 breaks down the out-
comes on two-owner questions. Fan-out rarely re-
turns a wrong join. Its receiver abstains on 78-90%
of the questions, because the rows that a join needs
never arrive. Relay’s errors split between absten-
tions, wrong rows after a key was passed, and runs
stopped by the fixed provenance reserve, which
Relay+ removes.

Row visibility. In the PJ-8b ablation of Sec-
tion 5.2, showing the planner the returned rows
changes single-owner accuracy by —0.4 points
([-2.7,2.0]) and two-owner accuracy by +18.1
points ([12.0,24.6]). Adding the key-passing in-
struction to the planner that sees the rows moves
two-owner accuracy from 23.2% to 24.3%. Re-
stricting the two-owner questions to those whose
reference SQL contains an explicit JOIN (126 ques-
tions) gives +18.7 points ([12.3,25.4]), and the
effect is positive in 7 of the 8 organizations. On
a 186-question subset with Sonnet, showing the
rows raises two-owner accuracy from 16.3% to
22.4% (+6.1 points, [0.0, 14.3]) and leaves single-
owner accuracy at 55.0% versus 56.0%. On BIRD
with Qwen, it raises two-owner accuracy from
2.7% to 20.5% (+17.7 points, [13.7,22.2]) and
changes single-owner accuracy by —0.8 points



Single-owner Row-split Two-owner Unanswerable
Setting FO RL OAR FO RL OAR FO RL OAR FO RL OAR
PJ-7, DeepSeek 463 416 458 222 122 222 0.0 116 10.1 925 783 925
PJ-7, Sonnet 453 409 453 200 17.8 200 22 142 127 915 415 906
PJ-7, Qwen 512 458 507 222 133 222 0.0 127 119 915 90.6 915
PJ-Unseen, DeepSeek 776 673 762 552 103 517 14 479 479 750 583  66.7
PJ-Unseen, Qwen 80.3 74.1 80.3 69.0 24.1 69.0 14 380 380 750 722 722
BIRD, DeepSeek 473 288 454 - - - 38 244 239 - - -
BIRD, Sonnet 469 362 462 - - - 27 283 246 - - -
BIRD, Qwen 492 423 492 - - - 31 287 263 - - -
BIRD-Unseen, DeepSeek  54.4  36.8 51.5 - - - 23 234 23.4 - - -
BIRD-Unseen, Qwen 48.5 50.0 47.1 - - - 29 339 333 - - -

Table 4: Accuracy (%) by reference owner cover. FO: fan-out, RL: relay. OAR follows fan-out on single-owner,
row-split and unanswerable questions and relay on two-owner questions. BIRD has no row-split or unanswerable
questions. On PJ-Unseen the last group also contains four questions whose reference tables could not be resolved.

Single-owner Two-owner Three or more owners
Setting FO RL RL+ OAR OAR+ FO RL RL+ OAR OAR+ FO RL RL+ OAR OAR+
PJ-7, DS 463 416 419 458 461 0.0 11.6 8.2 10.1 7.1 00 00 0.0 0.0 0.0
PJ-7, So 453 409 - 453 - 22 142 - 127 - 00 21.7 - 174 -
PJ-7, Qw 512 458 - 50.7 - 00 127 - 119 - 00 0.0 - 0.0 -
PJ-Unseen, DS 776 673 68.7 762 755 14 479 40.8 479 408 0.0 294 176 294 17.6
PJ-Unseen, Qw 80.3 74.1 735 80.3 803 14 38.0 38.0 38.0 38.0 59 235 17.6 235 17.6
BIRD, DS 473 28.8 358 454 454 38 244 302 239 287 0.0 21.7 225 203 217
BIRD, So 469 36.2 - 46.2 - 27 283 - 246 - 0.0 203 - 1838 -
BIRD, Qw 492 423 462 492 492 3.1 287 294 263 263 0.0 246 246 217 217
BIRD-Unseen, DS 544 36.8 44.1 515 515 23 234 31.0 234 298 24 17.1 195 195 220
BIRD-Unseen, Qw 48.5 50.0 529 47.1 47.1 29 339 322 333 322 24 171 220 17.1 22.0
Table 5: Accuracy (%) by reference owner cover, including Relay+ and OAR+. FO: fan-out, RL: relay, RL+:

Relay+. Single-owner questions exclude the row-split questions of Table 4. Three-or-more groups hold 23 (PJ-7),
17 (PJ-Unseen), 69 (BIRD) and 41 (BIRD-Unseen) questions.

Setting Relay Relay+
PJ-8a, DS +24.0 [5.5, 43.1] -
PJ-8b, DS +37.2 [28.1, 46.3] -
PJ-8b, So +33.3[23.5, 43.5] -
PJ-7, DS +16.2[8.7,24.6] +12.6[5.6,20.2]
PJ-7, So +16.4 [8.0, 25.5] -
PJ-7, Qw +18.1[10.9, 25.8]

PJ-Unseen, DS
PJ-Unseen, Qw

+56.7 [41.9, 71.1]
+42.7 [29.6, 56.6]

+48.3 [33.7, 62.4]
+43.4 [30.3, 56.8]

BIRD, DS +39.1[30.0,48.1] +38.0[29.2, 46.8]
BIRD, So +36.4 [26.7, 46.0] -
BIRD, Qw +32.51[24.7,40.7] +29.4[21.2,37.6]

BIRD-Unseen, DS
BIRD-Unseen, Qw

+38.7[27.2, 50.7]
+29.5 [18.3, 41.0]

+38.9[27.8, 50.7]
+24.8 [13.6, 35.7]

Table 6: Interaction between protocol and ownership in
points: the advantage of relay (or Relay+) over fan-out
on two-owner questions minus its advantage on single-
owner questions, with 95% intervals.

([-3.8,2.3]), with the same number of calls in
both conditions. There, the explicit key-passing
instruction adds +8.9 points on two-owner ques-
tions ([4.4, 13.3]). With DeepSeek on BIRD, show-
ing the rows raises two-owner accuracy from

3.4% to 19.3% (+15.9 points, [11.7,20.3]) and
changes single-owner accuracy by +3.1 points
([-3.1,9.2]), and the key-passing instruction adds
+11.2 points ([7.2, 15.3]). Three BIRD questions
whose relay call ended without a reply are excluded
from these DeepSeek contrasts, since such calls are
never re-sent.

Key passing in Relay+. Relay+ passes a key in
80.7% (BIRD, DeepSeek), 74.4% (BIRD, Qwen),
78.9% (BIRD-Unseen, Qwen), 69.0% (PJ-Unseen,
Qwen) and 52.6% (PJ-7, DeepSeek) of its two-
owner runs, and these runs produce 94.4%, 89.5%,
96.4%, 85.2% and 72.7% of its correct two-owner
answers. The literal matching behind Table 9
counts a returned string only when it appears
quoted in a later query, and a returned number
only when it appears as a separate token that is
absent from the question and is not the argument
of LIMIT or OFFSET.

Planned parallel. On PJ-8b, relay exceeds the
planned variant on two-owner questions by 18.1



Fan-out Relay
Setting Correct Abst. Wrong Stop. Correct Abst. Key No key Stop.
PJ-7, DeepSeek 0.0 80.6 194 0.0 11.9 42.5 23.1 16.4 6.0
PJ-7, Qwen 0.0 81.3 17.9 0.7 12.7 54.5 20.1 12.7 0.0
PJ-Unseen, DeepSeek 1.4 90.1 8.5 0.0 47.9 19.7 18.3 8.5 5.6
BIRD, DeepSeek 4.1 78.2 16.4 14 25.3 18.4 28.7 4.8 229
BIRD, Qwen 3.1 77.8 18.1 1.0 28.7 27.0 32.1 4.8 7.5
BIRD-Unseen, DeepSeek 23 80.1 14.6 29 234 135 28.7 4.7 29.8

Table 7: Outcomes on two-owner questions (% of questions, first run). Abst.: the receiver declares the question
unanswerable or returns no rows. Wrong: wrong rows. Key and No key: wrong rows after relay passed a key or
without one. Stop.: the run ends early, for relay mostly because its provenance reserve is exhausted.

Q: What is the amount of the funds that the Vice President
received? (BIRD, student_club)

Step 1, owner of member: SELECT member_id FROM
member WHERE position = 'Vice President'
LIMIT 5 — recD078PnS3x2doBe

Step 2, owner of income: SELECT amount FROM
income WHERE link_to_member =
'recD078PnS3x2doBe' LIMIT 5 — 50

Relay answers 50, which is correct. Under fan-out each
owner answers alone, and the receiver abstains.

Table 8: A relay run with DeepSeek in which the mem-
ber id returned by one owner becomes the filter of the
query to the next owner.

Accuracy (%)
Setting Runs Key (%) key nokey Share (%)
PJ-7, DS 268 52.6 12.1 11.0 54.8
PJ-7, So 134 65.7 15.9 10.9 73.7
PJ-7, Qw 134 448 15.0 10.8 52.9
PJ-Uns., DS 71 74.6 58.5 16.7 91.2
PJ-Uns., Qw 71 64.8 50.0 16.0 85.2
BIRD, DS 586 81.2 28.8 5.5 95.8
BIRD, So 293 91.5 28.7 24.0 92.8
BIRD, Qw 293 74.4 358 8.0 92.9
BIRD-Uns., DS 171 81.9 27.9 32 97.5
BIRD-Uns., Qw 171 84.8 37.9 11.5 94.8

Table 9: Key passing in relay runs on two-owner ques-
tions. Key: share of runs in which a later query contains
a literal value that a different owner returned earlier.
Share: fraction of the correct runs that passed a key.

points with DeepSeek ([10.9, 25.4]) and 7.2 points
with Sonnet ([0.0, 14.5]). Fan-out exceeds it on
single-owner questions by 22.9 ([17.1,28.9]) and
14.2 points ([8.7,19.6]). Overall the planned vari-
ant reaches 25.4% and 30.4%, below both fan-
out and relay. On BIRD with Qwen, relay ex-
ceeds it on two-owner questions by 24.6 points
([19.5,29.7]), while it differs from fan-out there
by only +1.0 point ([—1.7,4.1]), and fan-out ex-
ceeds it on single-owner questions by 21.5 points
([13.8,30.0]). Overall it reaches 10.0% there. With

At most 20 rows More than 20
Setting Qs FO RL Qs FO RL
PJ-8a, DS 34 618 559 7 143 00
PJ-8b, DS 218 599 495 57 333 00
PJ-8b, So 218 528 550 57 21.1 1.8
PJ-7, DS 173 486 488 30 333 0.0
PJ-7, So 173 468 474 30 367 33
PJ-7, Qw 173 538 538 30 367 0.0
PJ-Uns., DS 147 77.6 67.3 0 - -
PJ-Uns., Qw 147 803 74.1 0 - -
BIRD, DS 118 52.1 31.8 12 0.0 0.0
BIRD, So 118 51.7 398 12 0.0 0.0
BIRD, Qw 118 542 466 12 0.0 0.0
BIRD-Uns., DS 64 578 39.1 4 0.0 0.0
BIRD-Uns., Qw 64 51.6 53.1 4 0.0 0.0

Table 10: Single-owner accuracy (%) by the number of
rows in the reference answer. Relay limits each step to
20 rows.

DeepSeek on BIRD, relay exceeds it on two-owner
questions by 22.1 points ([17.1, 27.2]), fan-out dif-
fers from it there by +1.4 points ([—0.7, 3.4]) and
exceeds it on single-owner questions by 35.0 points
([26.9, 43.5]), and it reaches 4.6% overall, with one
question excluded for the same reason as above.

Answer size and reach. Table 10 splits single-
owner questions by the size of the reference answer.
Restricted to questions whose reference answer has
at most 20 rows, the interaction is +24.6 points
([3.4,46.4]) on PJ-8a, +35.3 ([25.5,45.3]) and
+33.0 ([21.9, 43.8]) on PJ-8b with DeepSeek and
Sonnet, +14.6 ([6.0,24.0]), +14.8 ([5.2,24.8])
and +16.3 ([8.1,25.0]) on PJ-7 with DeepSeek,
Sonnet and Qwen, +55.9 ([41.6,70.2]) and +41.8
([29.1,55.1]) on PJ-Unseen with DeepSeek and
Qwen, +43.7 ([33.7,53.8]), +41.0 ([30.3,51.9))
and +36.8 ([28.1,45.8]) on BIRD with DeepSeek,
Sonnet and Qwen, and +43.4 ([30.9,56.3])
and +34.7 ([22.3,47.0]) on BIRD-Unseen with
DeepSeek and Qwen. On PeopleJoin two-owner
questions whose two owners are both among fan-
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Figure 4: Expected accuracy as the share of two-owner
questions varies, obtained by reweighting the measured
single-owner and two-owner accuracies. OAR stays
near the better of fan-out and relay for every mix and
exceeds both at intermediate mixes.

out’s initial contacts (58 on PJ-7, 54 on PJ-Unseen),
fan-out answers 0.0, 5.2 and 0.0% on PJ-7 with
DeepSeek, Sonnet and Qwen and 1.9% on PJ-
Unseen with both models, against 13.8, 15.5, 10.3,
55.6 and 46.3% for relay.

Communication budget. On BIRD with Qwen
we rerun fan-out and relay with B = 1,024 and
B = 8,192 tokens. Fan-out answers 49.2% of the
single-owner and 3.1% of the two-owner questions
at every budget, because its peer results exceed
1,024 tokens in only 9 of the 500 questions. Re-
lay answers 35.4, 42.3 and 43.8% of the single-
owner and 23.5, 28.7 and 29.4% of the two-owner
questions at B = 1,024, 2,048 and 8,192, and it
stops early in 21.6% of its runs at the smallest bud-
get against 5.6% at the largest. The interaction
is +34.3 ([25.9,43.1]), +32.5 ([24.7,40.7]) and
+31.7 points ([23.7, 39.9]). OAR differs from relay
by +1.8, —0.2 and —0.8 points, with every interval
including zero, and exceeds fan-out by 13.8 to 17.0
points.

C.3 Routing (Section 6)

Paired contrasts. Table 11 lists the paired con-
trasts behind Section 6.2.

Partial credit. Table 12 replaces exact multiset
match with row-level F1, the harmonic mean of row
precision and recall under the same value normal-
ization, with correct abstention scored as 1. Row-
level F1 preserves the pattern of exact match. Fan-
out earns at most 4.2 F1 on two-owner questions,
so its failure there is not a near miss, and OAR has
the highest F1 over all questions in eight of the ten

settings.

Unanswerable questions. On the unanswerable
PJ-7 questions, fan-out abstains correctly in 91.5—
92.5% of the runs, since owners whose tables lack
the requested relation decline to write a query. Re-
lay answers from partial rows in 8-25% of the runs.
OAR sends most unanswerable questions to fan-
out. With Sonnet, relay’s receiver often adds an
explanation field when it abstains, and the strict
format check counts these replies as wrong, includ-
ing on 43 of the 106 unanswerable PJ-7 questions.
Counting them as abstentions raises relay from
31.1 to 39.5% on PJ-7 with Sonnet, and OAR still
leads every fixed protocol, by 3.1 points (95% CI
[0.2,6.1]).

Terminated relay runs. With the fixed 256-
token provenance reserve, 103 of 1,000 DeepSeek
runs, 88 of 500 Sonnet runs and 27 of 500 Qwen
runs of relay on BIRD stop because the provenance
of an executed query no longer fits. Relay+ has no
such stops, and its remaining terminations affect
28 of 1,000 runs with DeepSeek and 4 of 500 with
Qwen. Counting every cause, relay stops early in
213 of its 1,000 DeepSeek runs and 30 of its 500
Qwen runs on BIRD.

Cost. Relative to relay, fan-out costs 0.74 and
0.63 times as much on PJ-7 with DeepSeek and
Sonnet, and 0.62 and 0.71 times on BIRD. OAR
costs 1.07, 0.89, 1.18 and 1.08 times as much as
relay in the same four settings, including its draft
call, and 1.45, 1.41, 1.90 and 1.52 times as much
as fan-out. Qwen runs locally and has no API cost.
Per question, fan-out makes 3.9 to 4.8 model calls,
relay 3.4 to 4.6 and OAR 5.1 to 5.8, including its
draft. With fan-out’s owners queried one after an-
other, the measured time per question on PJ-7 is 3.1,
15.1 and 5.9 seconds for fan-out with DeepSeek,
Sonnet and Qwen, against 2.9, 17.4 and 6.9 for
relay and 3.9, 19.5 and 8.8 for OAR. On BIRD it
is 3.7, 23.4 and 6.4 seconds for fan-out, 3.7, 22.9
and 10.6 for relay and 4.8, 28.1 and 13.5 for OAR.
With Qwen on PJ-Unseen and BIRD-Unseen it is
5.1 and 6.3 seconds for fan-out, 7.9 and 11.4 for
relay and 8.8 and 14.1 for OAR. The DeepSeek
runs on the unseen pools did not record time.

Where the draft misroutes. Most routing errors
send a multi-owner question to fan-out rather than
the reverse. Against the reference cover, first-run
drafts flag a single-owner question as multi-owner
3 to 11 times per setting. A multi-owner question



Setting OAR-FO OAR-RL OAR—best OAR+—RL+ OAR+—0AR
PJ-7, DeepSeek +24[1.0,40]  +5.1[2.3,79]  +24[1.0,40]  +3.3[0.9,59] —0.6[—1.5,0.3]
PJ-7, Sonnet +3.3[14,53] +11.5[7.8,153]  +3.3[1.4,5.3] - -
PJ-7, Qwen +2.9[1.4,45]  +27[06,5.1]  +2.7[0.6,5.1] - -
PJ-Unseen, DeepSeek +10.7[6.3,15.0]  +9.3[5.0,13.7] +9.3[5.0,13.7] +8.3[4.0,12.7] —2.0[—4.7,0.3]
PJ-Unseen, Qwen +93[5.7,13.0]  +73[3.0,11.7] +7.3[3.0,11.7] +8.3[4.0,12.7] +0.0 [—2.0,2.0]
BIRD, DeepSeek +143[11.1,17.6]  +3.6[1.4,59] —1.5[-4.4,14] +1.3[-0.7,33]  +2.8[0.7,4.9]
BIRD, Sonnet +15.4[12.2,18.6] +0.0[-2.6,2.6] +0.0[—2.6,2.6] - -
BIRD, Qwen +16.8[13.6,202] —02[-22,1.8] —1.6[—4.4,12] —1.6[-3.8,04] +0.0[—1.8, 1.8]
BIRD-Unseen, DeepSeek  +14.0 [10.0, 18.3]  +3.7[1.3,6.3] —2.7[-6.3,1.0] +1.3[—1.0,3.7]  +4.0[1.3,7.0]
BIRD-Unseen, Qwen +19.0[14.3,237] —1.0[-33,1.0] —1.3[-4.7,2.0] —13[-3.3,07] +0.0[-2.7,2.7]

Table 11: Paired differences in points with 95% intervals. FO: fan-out, RL: relay, RL+: Relay+. “Best” is the most
accurate fixed protocol of the setting, including Relay+ where it runs.

Single-owner Two-owner All questions
Setting FO RL OAR FO RL OAR FO RL OAR
PJ-7, DeepSeek 50.8 47.1 49.5 1.1 13.1 124 43.0 40.9 45.7
PJ-7, Sonnet 49.5 42.4 49.1 32 18.7 17.7 42.1 33.6 46.4
PJ-7, Qwen 53.1 51.2 52.6 1.2 152 15.1 43.3 45.9 47.1
PJ-Unseen, DeepSeek 80.0 69.0 78.6 33 54.7 52.5 54.9 59.8 67.4
PJ-Unseen, Qwen 81.0 74.9 81.0 33 45.6 44.6 574 62.7 68.2
BIRD, DeepSeek 50.3 31.0 48.2 4.2 26.8 26.3 15.6 27.5 31.2
BIRD, Sonnet 49.6 36.8 48.5 33 312 27.3 14.9 313 31.6
BIRD, Qwen 52.0 46.0 52.8 3.6 33.1 30.7 15.6 354 35.1
BIRD-Unseen, DeepSeek 55.7 36.9 52.4 2.5 25.5 254 14.4 25.6 29.4
BIRD-Unseen, Qwen 49.9 50.8 479 3.8 36.7 35.6 13.8 35.0 33.7

Table 12: Row-level F1 (%), which gives partial credit for overlapping rows. FO: fan-out, RL: relay. Bold marks the

highest F1 over all questions in each row.

Draft Accuracy (%) Setting Best OAR 8B A [95% CI] Rec.
Setting Prec. Rec. Oracle OAR Table JOIN PJ-7, DS 39.5 42.0 39.6 +0.1[—1.8,2.0] 61.1
PJ-7, So 39.3 42.7 38.6 —0.8[—3.3,1.6] 61.1
PJ-7, DS 949 656 42.6 420 41.1 40.6 [ I
PJ-7, Qw 415 442 43.6 +2.2 0.0, 4.3] 61.1
PJ-7, So 96.9 59.2 434 427 431 429
PJ-Uns., DS 54.0 63.3 60.3 +6.3 [2.0, 11.0] 78.4
PJ-7, Qw 945 662 44.6 442 438 438
PJ-Uns., Qw 57.7 65.0 60.7 +3.0[—1.3,7.3] 78.4
PJ-Uns., DS 879 909 653 633 - -
BIRD, DS 30.3 28.8 26.5 —3.8[—6.8, —0.7] 67.7
PJ-Uns., Qw 93.7 84.1 653 650 - -
BIRD, So 29.2 29.2 284 —0.8[—3.4,1.8] 67.7
BIRD, DS 97.1 86.7 29.6 28.8 28.6 284
BIRD, Qw 33.0 314296 —-34[-62,—-0.6] 67.7
BIRD, So 97.5 743 31.6 292 294 29.2
BIRD-Uns., DS 30.7 28.0 24.3 —6.3[—10.7, —2.0] 67.5
BIRD, Qw 99.0 83.1 330 314 314 310 pipp Upg. Qw 333 32.0 267 —6.7 [—10.7, —2.7] 67.5
BIRD-Uns.,DS 969 882 28.0 28.0 - -
BIRD-Uns., Qw 97.3 854  32.7 32.0 - -

Table 13: How the draft routes. Precision and recall of
the draft’s multi-owner (k > 2) prediction against the
reference cover. Oracle routes by the reference cover
with the same relay branch as OAR. Table and JOIN
route the same draft on its table count or on the presence
of a JOIN.

is missed when the draft names a table that is not
in the catalog (3 to 63 times per setting), when it
joins fewer owners than the reference (4 to 26), or
when it is empty (up to 52, mostly with Sonnet
on PJ-7). On BIRD, the unlisted name is almost
always a common table expression that the draft
defines itself. Dropping such names, as a parser

Table 14: OAR with drafts from Llama-3.1-8B (8B),
with the executors of each setting. Best: the most accu-
rate fixed protocol, as in Table 3. OAR: drafts from the
executing model. A: 8B minus Best in points. Rec.: the
share of multi-owner questions that the 8B draft recog-
nizes, the same for every executor of a pool.

that resolves these expressions would, sends 151
of the 159 affected BIRD questions to relay. Re-
routing the saved runs with such a parser would
raise OAR’s accuracy by 0.0 to 1.0 points in the
five BIRD settings. All reported results keep the
frozen parser. On PeopleJoin, the unlisted name is
mostly a plausible table that the catalog does not
list.



Owner cover against table count. On the
44 BIRD questions that join two tables of
one owner, OAR minus table-count routing is
+6.8 ([—4.5,18.2]), +4.5 (]—6.8,18.2]) and +9.1
points ([2.3,18.2]) with DeepSeek, Sonnet and
Qwen.

Other routing signals. Table 3 compares OAR
with routing on other signals. Self and Ask make
one call per question with Qwen or DeepSeek and
receive the same owner catalog as the draft. Self
chooses fan-out or relay from their descriptions,
Ask sends a question to relay when the model
names two or more owners, and difficulty rout-
ing sends the questions that BIRD labels simple
to fan-out and the rest to relay. Self is told that
under fan-out “each owner receives the question
with only its own tables, writes one query and
returns its result,” while under relay “a planner
sees all owners’ tables and queries one owner at a
time, and each later query can use the rows re-
turned by earlier queries.” OAR minus Self is
+2.0([0.6, 3.5]), +2.3 (0.0, 5.0]), +4.0 ([1.8,6.2])
and +1.3 points ([—1.3,4.0]) on PJ-7, PJ-Unseen,
BIRD and BIRD-Unseen. OAR minus Ask is
+0.8([0.0, 1.8]), +5.0 (2.3, 8.0]), 0.0 (]—1.0, 1.0])
and —0.3 points ([—1.3,0.7]). Ask sends 46.7%
and 89.7% of the row-split questions of PJ-7
and PJ-Unseen to relay, against 0.0% and 6.9%
for OAR, and Self sends 20-29% of the single-
owner questions there. With DeepSeek, OAR
minus Self is +3.5 ([2.0,5.3]), +2.3 ([0.0,4.7)),
+1.4 ([-0.3,3.2]) and +2.3 points ([0.3,4.7]) in
the same four pools, OAR minus Ask is +2.2
([0.7,3.7]), +5.0 ([2.7,7.7]), +0.3 ([-0.9,1.6])
and +0.7 points ([—0.7,2.0]), and Ask sends
71.1% and 89.7% of the row-split questions to
relay, against 0.0% and 3.4% for OAR. Four of
the 3,222 DeepSeek routing calls ended without a
reply and their questions are excluded. OAR mi-
nus difficulty routing is +8.0 ([5.5,10.7]), +7.0
([4.2,10.0)), +7.8 ([5.2,10.6]), +8.0 (5.0, 11.3])
and +6.0 points ([3.0,9.3]) in the five BIRD set-
tings, where 30% of the BIRD questions and 32%
of the BIRD-Unseen questions are labeled sim-
ple. For BIRD-Unseen these labels come from
the cleaned annotations we score against, while
the sample was drawn by the original labels (Ap-
pendix B).

Retry after fan-out. We simulate a hybrid from
the saved runs of each question: fan-out, fol-
lowed by relay’s run whenever fan-out’s receiver

abstains or its run stops. Used alone, the hy-
brid differs from OAR by —1.9 (]—3.8,0.1]), —8.2
([-11.4,—5.1]) and —0.4 points ([—1.6,0.8]) on
PJ-7 with DeepSeek, Sonnet and Qwen, by 0.0
([—3.0,3.0]) and +1.0 ([—1.0, 3.3]) on PJ-Unseen
with DeepSeek and Qwen, by +0.1 ([—1.6, 1.8]),
+2.2 ([0.8,3.8]) and —2.2 ([-4.2,-0.2]) on
BIRD with DeepSeek, Sonnet and Qwen, and
by +0.7 ([-1.0,2.3]) and +0.7 ([—1.3,2.7]) on
BIRD-Unseen. Applied after OAR’s route, the
retry changes accuracy by —1.3 ([-3.0,0.5]),
—-8.2 ([-11.2,-5.3]), +0.4 ([-0.6,1.4]), 0.0
([—2.3,2.3]) and +1.3 points ([—0.7,3.3]) in the
same PeopleJoin settings, and by +0.8 ([0.2, 1.6]),
+2.2([1.0, 3.6]), +1.4 ([0.4, 2.4]), +0.7 (]0.0, 1.7])
and +1.3 points ([0.3,2.7]) on BIRD and BIRD-
Unseen. On PJ-7 its loss comes from unanswerable
questions, which contribute —2.9, —10.2 and —0.4
points with DeepSeek, Sonnet and Qwen, while
single-owner questions contribute +1.5, +1.6 and
+0.8. Two-owner questions that OAR sends to fan-
out are answered 0.0-10.0% of the time, and those
it sends to relay 15.4-52.3%.

A smaller drafter. Table 14 routes the saved fan-
out and relay runs with drafts written by Llama-
3.1-8B-Instruct with 5-bit weights, under the same
prompt and parser as OAR. The smaller model
names a table that is not in the catalog in 19-30%
of its drafts, which sends the question to fan-out. It
recognizes 61-78% of the multi-owner questions,
and 69% of its multi-owner predictions are cor-
rect on PeopleJoin and 90-92% on BIRD. Peo-
pleJoin tolerates these misses because most of its
questions are best answered by fan-out. On BIRD,
where most questions need several owners, each
miss gives up relay’s accuracy on that question, yet
OAR with the 8B drafter remains 10 to 15 points
above fan-out in every setting.

D Statistical Procedures

For a contrast between two protocols we average
each protocol’s score over runs within a question,
take the per-question difference, and report its
mean with a 95% percentile interval from 10,000
bootstrap resamples of questions, drawn with seed
20260927. For the interaction we compute each
question’s relay-minus-fan-out difference, resam-
ple the single-owner and two-owner strata sepa-
rately 10,000 times with seed 20260928, and take
the difference of the stratum means. All intervals
are recomputed from the per-question outcomes



with these procedures. Those in Table 11 agree
to within 0.4 points with the intervals of the pre-
specified analyses. The interaction intervals in Ta-
ble 6 use the strata of Section 2, which set row-
split questions apart. On these strata, a stratum-
centered bootstrap test of the interaction with Holm
correction across the six PJ-7 and BIRD settings
gives adjusted p < 0.001 in all of them. The pre-
specified paired sign-flip tests with Holm correc-
tion give OAR’s advantage over fan-out an adjusted
p < 0.004 in the same six settings. Per-database
estimates are descriptive and treat each database
as one unit. Questions over one database share
its schema and need not be independent. Resam-
pling whole databases, which are organizations on
PeopleJoin, instead of questions keeps every inter-
action interval above zero, with lower bounds from
+5.9 to +42.3 points. The intervals of OAR minus
the best fixed protocol become [0.9,4.7], [2.0,4.9]
and [0.0, 6.2] on PJ-7 with DeepSeek, Sonnet and
Qwen and [4.7,13.8] and [3.0, 11.8] on PJ-Unseen
with DeepSeek and Qwen. Counted per organiza-
tion and model, OAR is at least as accurate as the
best fixed protocol in 19 of 21 cases on PJ-7 and in
198 of 216 on PJ-Unseen.

E Models and Runtime

DeepSeek-V4.1-Flash was accessed through the
DeepSeek API under the alias
deepseek-flash in September and October
2026, and Claude Sonnet 4 through OpenRouter as
anthropic/claude-sonnet-4in
September 2026. Qwen3.8-27B ran locally in a
5-bit GGUF quantization with llama.cpp (build
b11146), in non-thinking mode, with a
16,384-token context and a fixed seed.
Llama-3.1-8B-Instruct, used only as the drafter in
Section 6.3, ran on the same server with the same
settings in a 5-bit quantization. All models used
temperature 0 and at most 1,024 output tokens.
Budget token counts use the same local tokenizer,
DeepSeek’s, for every model. Local runs used one
NVIDIA RTX 5090 Laptop GPU with 24 GB of
memory, and all API calls made for this study,
including development runs, cost about USD 101.
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