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Dataset Schema

Surveyed on over 20 business clusters and take typical transaction scenario as design
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The Interface Between Agents and Graph Databases:
Does the Interface Really Affect Graph Agentic RAG?

SSer ERqUEsL repair request, only if authority + budget allow
rejected > regerierate (Bounded) e ——
 2dded RQ2 v,‘r"h——RQIi added ™ ™~~~ RQ1 RQ1 added RQ2 added .. RQ2
Request contract LLM serving Guardrail + plan gate Execution (Bolt) Return contract Verification
harness binds workspace, planner - executor schema / literal / scope rules; parameters bound by harness ResultEnvelope: rows, VerificationDecision,
anchor, row cap; hidden reasoning tokens, EXPLAIN: seek or scan? rowcap +1, completeness, evidence id; advisory by default;
semantic - physical names queue time live here rejects before the DB pays concurrency control what enters the context repair only within budget
\
typed request candidate Cypher validated plan A rows + PROFILE envelope
\ 4

[ Graph database ]

@ oenran e

v
Model ledger Database ledger
prompt - completion tokens one trace id joins both DB hits - plan shape
hidden reasoning tokens rows into context - bytes
Server s - queue s Bolt ms - db ms

Accent-stroked boxes are the ones the measurements added to “request - LLM - tool call - Bolt - database”. RQ tags mark where each question’s variable lives.

RQ1. RQ2. RQ3.
Data Scalability Schema-Contract Intelligence Agent Capacity



Does a 100x larger graph make the agent's queries 100x dearer?

Same request, same agent, same repeat; SF1 (4k nodes, 27k edges) versus SF100 (360k nodes, 2.6M edges). Cost = PROFILE DB hits of
the executed Cypher.

1x = same cost 100x = grew with the data

guarantee chains, whole graph - x99.7 9,720 — 969,065 DB hits
UBO candidates, whole graph - x95.7 2,514 — 240,532 DB hits
loans reaching one account in 3 hops —ff x1.6 3,784 — 6,027 DB hits
high-risk-rail inflow to one account - x1.1 50 — 54 DB hits
structuring fan-in to one account -} x1.0 47 — 48 DB hits
inbound transfers of one account - x1.0 47 — 48 DB hits
repayment gap of one account's loans —f§ x1.0 639 — 639 DB hits
owners paid by one account (control) —ff x0.9 358 — 320 DB hits
channel mix of one account —j| X0.9 71 — 63 DB hits

owners paid by one account | x0.9 369 — 314 DB hits B request names one account (indexed lookup)

request covers the whole graph (no anchor)

40 60 80 100 120

DB hits on the 100x larger graph, as a multiple of the small graph (median of paired runs)

All LLM tokens are supported by MARA Cloud.



RQ1 - data scalability

Does a 100x larger graph make the agent's queries 100x dearer?

Same request, same agent, same repeat; SF1 (4k nodes, 27k edges) versus SF100 (360k nodes, 2.6M edges). Cost = PROFILE DB hits of

the executed Cypher.

[CorRECT] Anchored request, SF1
gemma-4-31B-it - effort default - SF1 - direct single

REQUEST IN For account number 108: how many
incoming transfers are there and
what is their total amount?

EXECUTOR ~ CYPHER MATCH (:Account {_workspace_id:
$workspace_id}) - [t: TRANSFER] ->
(a:Account {_workspace_id:
$workspace_id, acct_no: $acct_no})
RETURN count(t) AS incoming_count,
sum(t.amount) AS total_amount
LIMIT $1limit

HARNESS -BOUND PARAMETERS {"acct_no": 108, "limit": 50%
DATABASE OUT 1 row(s) - 47 DB hits - 8.075 ms
GOLD i"n": 5, "total": 163488%

1 model call(s) - 871 prompt - 72 completion (0 hidden
reasoning) - server 1.3s - queue+network 0.7s

Index seek on one account: 47 DB hits.

(CorRECT)] Same request, SF100

gemma-4-31B-it - effort default - SF100 - direct single

REQUEST IN For account number 7: how many
incoming transfers are there and
what is their total amount?

EXECUTOR - CYPHER MATCH (:Account {_workspace_id:
$workspace_id, acct_no: $acct_no})
<-[x:TRANSFER] - (:Account
{_workspace_id: $workspace_id})
RETURN count(xr) AS incoming_count,
sum(x.amount) AS total_amount
LIMIT $limit

HARNESS-BOUND PARAMETERS {"acct_no": 7, "limit": 50%
DATABASE OUT 1 row(s) - 48 DB hits - 8.327 ms
GOLD i"'n": 6, "total": 108054}

1 model call(s) - 869 prompt - 72 completion (0 hidden
reasoning) - server 1.3s - queue+network 2.6s

The graph is 100x larger; the seek still touches 48 records.



When the agent reads our schema, what does it get wrong — and does the contract catch it?

Same schema description for every model; the contract around it: typed Query Intent handoff, harness-owned ExecutionRequest,
result envelope, an advisory verifier. Measured: rejected generations by cause, and how often the verifier rejects a correct answer.

How often the agent misread the schema How often the verifier rejected a correct answer
gpt-oss low —-- 32 mostly invented a label or property (18) 100% (30 of 30 correct answers)
gpt-oss medium —- 19 mostly broke a guardrail rule (11) 64% (42 of 66 correct answers)

gpt-oss high -- 15 mostly database rejected the query (9) 28% (15 of 54 correct answers)

DeepSeek-V3.1 —--I 42 mostly invented a label or property (42) 25% (12 of 48 correct answers)
DeepSeek-V3.2 --. 27 mostly database rejected the query (15) 40% (12 of 30 correct answers)

gemma-4-31B —- 18 mostly broke a guardrail rule (18) 29% (21 of 72 correct answers)

MiniMax-M?2 7% —--I 43 mostly spent the budget in reasoning (32) 42% (18 of 43 correct answers)
1 I I I

0 20 40 60 80 100 25 50 75 100

queries rejected before execution, out of 180 episodes correct answers the verifier stage rejected anyway

All LLM tokens are supported by MARA Cloud.



RQ2 - schema-contract intelligence

When the agent reads our schema, what does it get wrong — and does the contract catch it?

Same schema description for every model; the contract around it: typed Query Intent handoff, harness-owned ExecutionRequest,
result envelope, an advisory verifier. Measured: rejected generations by cause, and how often the verifier rejects a correct answer.

Guardrail rule broken

gpt-0ss-120b - effort low - SF1 - multi typed

REQUEST IN How many persons stand behind
company-owned accounts through an
investment into the owning
company?

PLANNER - QUERYINTENT { "entities": [ { "name":

(EXCERPT) "Person", "type": "node",

"attributes": ["person_id",

"name"] %, 1 "name": "Company",

"type": "node", "attributes":

["company_id", "name"]l ¥, {

"name": "Account", "..

EXECUTOR -+ CYPHER (rejected before execution)

GUARDRAIL / ENDPOINT ValueError: text2cypher rejected:
unknown_properties:owner_type,inli
ned_literal:= 'Company'’

3 model call(s) - 2,888 prompt - 1,298 completion (523 hidden
reasoning) - server 4.0s - queue+network 2.2s

At low effort the same request produced an inlined literal (= 'Company')
and an unknown property: two contract rules the model was told and did
not apply.




Does spending more model — more reasoning, a different model — buy more correct answers on the
same schema?

reasoning_effort low / medium / high on gpt-oss-120b (the one model where the parameter changes behaviour), and four other
models at their default. Measured: correct answers of 60 against completion tokens spent.

Correct answers Tokens spent for those answers
I one-shot agent role agents I one-shot agent role agents

gpt-oss-120b gpt-oss-120b

effort low — medium — high effort low — medium — high
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completion tokens spent (thousands)

All LLM tokens are supported by MARA Cloud.




Where agents do well is where they cost the most

1. Cost attribution shifts from the data layer to the decision layer.

Cost used to track the scale factor of the data. With an agent in the loop, that link breaks — the agent decides how
far to traverse, how many queries to issue, and how long to reason. Cost is now attributable to those decisions,
which is exactly where we have to measure and control it.

2. Humans need explicit criteria to step in and verify.

We must be able to judge whether the agent's pipeline is actually working: how it interprets the natural-language
question, and what information it uses to retrieve from the graph. The blurrier that threshold, the higher the
operational cost.

3. Let go of the belief that more reasoning gets you closer to the right answer.
What matters is a well-defined schema, plus a clear signal to the agent of how relevant that schema is to the user's
query. That relevance signal is the essential guardrail for a graph-based agent.
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