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Abstract

In Al-agent pipelines, source-level safety need not survive
adaptive selection among plans, tools, and action propos-
als. We study statistical execution authority: when the action
selected by a complete agent pipeline has enough evidence
to execute. We characterize selection-induced authority risk
(SIAR) with an exact independent-candidate identity, an ex-
act threshold-conditioned decomposition for conditional false
authorization, and a counterexample showing that pairwise
score—loss ranking does not identify top-one risk. Split-local
EPV-Opt fixes the selector and threshold before calibration,
applies simultaneous task-local and high-impact bounds, and
routes unsupported actions to review or abstention. A prereg-
istered one-time sealed MiniWoB study contains 4,000 reset-
state episodes and 32,000 candidate executions. At K = §,
split-local EPV-Opt authorizes 0.194 of actions and observes
0/388 registered adverse authorizations (one-sided 95% test
UCB 0.008, below the 0.10 target), while stronger-coverage
baselines retain different guarantee semantics. A separate
three-model AgentDojo sequence produces a feasible pooled
calibration certificate, but its independent holdout does not
confirm transfer: only 19/90 clusters authorize, giving O ob-
served authority violations but a 0.146 risk UCB above the
0.10 gate; useful completion remains 16/19 with LCB 0.641.
No high-impact action earns a statistical certificate. Predic-
tion is not permission: authority must be established after
selection.

Introduction

An Al agent can be right and still wrong to act. A tool agent
may identify a relevant API call while lacking authority to
commit it; a best-of-/V planner may generate useful alter-
natives but select a persuasive harmful action. Prediction
accuracy, confidence, and sourcewise calibration describe
proposals. Execution requires a separate decision about the
action selected by the complete pipeline.

Selection makes this distinction statistical. Let heteroge-
neous candidates pass role and provenance checks, receive
scores, and compete under argmax. Even if every source has
bounded marginal risk, the selected winner can have a dif-
ferent risk because selection favors particular score tails. We
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call the gap selection-induced authority risk (SIAR). Can-
didate count is not inherently harmful: adding a candidate
raises risk only when the added action is more harmful than
the winner it displaces on replacement events. In our real
benchmark, additional candidates help rather than hurt. The
relevant object is therefore the score—harm relationship of
the complete selector, not K alone.

We propose Statistical Execution Authority as the study
of when a selected agent action has sufficient statisti-
cal and provenance evidence to execute. Calibration (Guo
et al. 2017), selective prediction (Chow 1970; El-Yaniv and
Wiener 2010), conformal risk control (Bates et al. 2021;
Angelopoulos et al. 2024), OPE (Dudik, Langford, and Li
2011; Jiang and Li 2016), and runtime guards address adja-
cent objects. The composition gap remains: permission rules
determine eligibility, while statistical certifiers must control
the realized consequence risk of the final selected output.

EPV-Opt instantiates this object. It freezes candidate
generation, trusted eligibility and provenance, a score, tie-
breaking, and argmax. Development data select one thresh-
old before fresh calibration; simultaneous task and struc-
turally applicable high-impact bounds then determine which
score-clearing tasks authorize and which route to review.
This split-local design avoids searching thresholds and routes
on the same calibration outcomes. Changing the candidate
set, registry, score, threshold rule, or task family invalidates
the certificate. “Opt” denotes maximum empirical coverage
inside the frozen certificate-feasible family; in the split-local
case the solution is the monotone rule that authorizes ev-
ery locally certified task, not a new numerical optimizer or
ranker.

Contributions. First, we define post-selection agent au-
thorization and derive an exact heterogeneous selected-risk
identity with eligibility and authorization conditioning. Sec-
ond, we separate unthresholded winner replacement from
an exact threshold-conditioned decomposition of joint risk,
conditional FAR, authorization entry, exit, and denominator
shift. Third, we introduce split-local EPV-Opt, which sep-
arates threshold selection from simultaneous task/severity
certification and fail-closed versioning. Fourth, we report a
sealed MiniWoB study with 32,000 reset-state executions, or-
der and matched-semantics audits, and a preregistered three-
model AgentDojo transfer sequence with an independent
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Figure 1: Candidate count alone does not determine selected-action risk. Panel A gives two score constructions with identical
pairwise ¢ = 0.5 but sharply different top-one risk; Gumbel curves are a registered parametric special case. Panel B shows the
zero-harm support cost of simultaneous certificates and marks the split-local M = 25 and full-family M = 418 designs.

negative holdout.

Post-Selection Agent Authorization

Candidates, eligibility, and selection. At decision time
t, a pipeline observes state and structured proposals

= {p},... Py pKl. Proposal pk records source ¢F, role
pt , provenance H , action a¥, score inputs, uncertainty, and
cost. A trusted reglstry gives eligibility EF € {0,1}; self-
claimed roles are not authoritative. A frozen scorer and tie
rule select

*
ki = arg max SF, SF = sp(xy, pl).
k:EF=1
The winner is an action hypothesis; selection does not confer
permission.

Authority risk. Let Hf € {0,1} denote a registered
adverse-action 1oss. At threshold ), the authorization event
is Agx = {Stk ¢ > A}. The target risk is conditional false
authorization

Rot(N) = Pr(H{* = 1] Ay = 1),

reported separately from joint risk Pr(A N H) and coverage
C()\) = Pr(A = 1). Sourcewise bounds Pr(Hf = 1 |
AF = 1) < « do not generally imply R,.; < « after a new
argmax.

Global, local, and high-impact authority. For a pre-
registered risk group G' = g, local authority requires R, =
Pr(H=1|A=1,G = g) < a,. Asecond label H" < H
marks a task-semantic high-impact proxy with budget a,;. A
pooled certificate does not imply either local statement. The
decision is therefore d; € {AUTHORIZE, REVIEW, ABSTAIN }:
review denotes insufficient local evidence, while abstention
denotes failed score, eligibility, or support.

Authorization value. All-abstention is statistically safe
but operationally empty. We report direct authorization, re-
view load, missed opportunity, verification cost, and

AV = Havoid + Cavoid + Rreduce - Mopp - ‘/cosfn

The terms denote harm, cost, and risk avoided minus missed
opportunity and verification overhead. EPV-Opt optimizes
certified calibration coverage; AV remains an outcome metric
rather than an objective tuned on the same calibration split.

EPV-Opt: Split-Local Execution Routing

EPV-Opt treats the complete selected-output map as the cer-
tification unit (Figure 2). Generation, eligibility, provenance,
scoring, tie-breaking, and argmax are frozen. Development
outcomes may choose one threshold; independent calibration
outcomes are reserved for local certification.

Split selection and certification. Training fixes a selected
score S and threshold grid A. On a development split, EPV-

Opt selects the highest-coverage threshold A whose empirical
FAR is at most a registered design ceiling. This stage is not
a certificate. On independent calibration data, the threshold
remains fixed. For each registered task ¢ € G, EPV-Opt
computes a one-sided ordinary-risk bound; a high-impact
bound is added only for tasks in the pre-registered family Gy,
where that label can occur.

Local route optimization. Let B and B;”’* denote
bounds protected simultaneously over M = |G| + |Gpil
events. The direct route is

Gauth = {g : Ng 2 Nimin, B; < Ay,

g ¢ Gnior BT <y}
Authorizing every certified task maximizes calibration cov-
erage over task subsets because simultaneous task bounds
compose under any mixture of the accepted tasks. AV re-
mains an outcome metric, not a calibration objective.
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Statistical authorization does not itself grant semantic, organizational, or legal permission.

Figure 2: EPV-Opt certifies only after the frozen selector has produced its winner. A development-fixed threshold and fresh
simultaneous task/severity bounds determine authorization, review, or abstention. A pipeline fingerprint makes later candidate,
registry, score, threshold, or task-family changes fail closed until recalibration. The statistical certificate does not itself grant

semantic, organizational, or legal permission.

Decision and versioning. At deployment, a score-clearing

example in ,C’jauth is authorized; a score-clearing uncerti-
fied task is reviewed; all others abstain. The certificate
stores a hash of the protocol, candidate count, role registry,
fixed threshold, task/severity family, tie rule, and canoni-
cal learned-model state. A mismatch raises a stale-certificate
error rather than silently reusing the bound. The earlier full-
family variant, which searches thresholds and coarse routes
on calibration with a 418-event correction, remains a baseline
and ablation.

Consequence evidence. Resettable environments can ex-
ecute every candidate from the same state. Logged environ-
ments require registered overlap-aware OPE; historical logs
may offer only temporally valid analogue evidence. Tempo-
ral precedence prevents future leakage but does not establish
causal identification. Irreversible actions without a sandbox,
support, or trusted outcome model remain review/abstain
cases.

Theoretical Analysis

Theorem 1 (Independent heterogeneous selected-action
risk). Let candidates be independent with eligibility prob-
ability my, conditional harm probability oy, and continuous
score CDF Fy, j, given eligibility and harm h. Define

Qk(s) = (1 — 7Tk) + Wk[(l — Ozk)ka(S) + akaJ(s)].
Conditioned on an eligible winner clearing threshold ),
_ Dk ThOk f;o I1;.20 Qi () dFy(s)

1 =11 @e(N) '

The numerator sums the probability that candidate k is
harmful, eligible, clears A, and beats every competitor; the
denominator conditions on authorization. The IID identity
Ka [ FE=1dFy is a special case.

Rsel(A)

Proposition 1 (Unthresholded candidate-addition replace-
ment). Let W indicate that an added candidate replaces the
old winner, and let R"'™ denote the harm probability when



a winner is always executed. Then
Ryew, — Royg" = Pr(W)N{Pr(Hpew =1 | W)
—Pr(Hoa=1| W)}
Thus increasing K raises uncensored winner risk only when
the added winner is more adverse than the action it displaces
on replacement states.
For nested candidate counts K; < --- < K,,, applying

Proposition 1 at each transition gives the exact telescoping
identity

Rk, — Rk, = ZPT(WJ) Ay,
j=2

where
Aj = Pr(HKj =1|W;) - Pr(HKj_1 =1|W;).

Unlike Theorem 1, this identity requires neither candidate
independence nor continuous scores and directly matches
our correlated nested planners.

Proposition 2 (Threshold-conditioned authorization
change). For paired old and new selectors, let A; be
authorization, H; the registered loss, C; = E[A;],
J; = E[A;H;], and R; = J;/C;. Let W denote winner
replacement. Then

Ty — Jo = E[AgA\W (H, — Hy)]
+E[AgA1 (1 — W)(Hy — Ho)]
+E[(1 — Ao) A1 H1] — E[Ao(1 — A1) Hol,
and, for C; > 0,

Ji—Jo Co — C4
R1 — Ry ol + Ry o .

The four joint-risk terms are retained-authorized replace-
ment, retained stable action, authorization entry, and autho-
rization exit. The final term shows why joint false authoriza-
tion alone cannot explain conditional FAR when candidate
expansion changes coverage. The identity is distribution-free
and is verified row-wise in the released audit code.

Proposition 3 (Pairwise ranking is non-identifying). For
K > 2, the scalar ¢ = Pr(Sharm > Ssafe) does not gen-
erally identify top-one selected risk. Two score distributions
can share q = 1/2 and still produce different R.); Fig-
ure 1A gives an explicit construction. Under the additional
Gumbel random-utility family, ¢ = logistic(8) and the se-
lected risk has the familiar finite-f softmax form, but that
map is model-specific.

Theorem 2 (Finite-sample split-local EPV-Opt control). As-
sume development, calibration, and deployment episodes
are independent IID draws from one registered distribu-
tion. Freeze the complete selector, choose one threshold on
development, and register tasks G and structurally high-
impact tasks Gp; before calibration. Protect ordinary task
bounds and active high-impact bounds with total error §
over M = |G|+ |Gn;| events. With probability at least 1 — 6,
every certified task satisfies its conditional-risk budgets in
deployment. Any mixture over certified tasks therefore sat-
isfies the largest active ordinary and high-impact budgets;
unsupported tasks route to review.

The proof is simultaneous Clopper—Pearson coverage plus
mixture closure; full proofs and the more conservative finite
threshold-route variant are in the supplement.

Corollary 1 (Zero-harm support). For risk budget oo and M
simultaneous events, a zero-harm bound requires

For split-local M = 25, this is 59 examples at o = 0.10 and
122 at o = 0.05; the earlier M = 418 family needs 86 and
177. Local resolution and calibration search therefore have
an explicit support cost.

The guarantees are conditional on authorization under the
frozen IID deployment distribution. They are not pointwise
coverage, do not cover drift, and expire after an unregistered
pipeline change.

Sealed Evaluation

Environment and candidates. MiniWoB (Shi et al. 2017;
Liu et al. 2018) permits every candidate plan to execute from
the same reset state. Four deterministic planner families pro-
duce exactly eight unique plans per episode: a task-aware
heuristic, single DOM actions, ordered two-step DOM plans,
and plan mutations. Nested prefixes give K € {1,2,4,8}.
These are controlled multi-planner candidates, not indepen-
dent LLM agents.

Splits and protocol integrity. The v2 pilot provided 1,000
train and 500 development episodes for the frozen TF-IDF
logistic scorer and threshold rule. After preserving v2 and
a preregistered v3 zero-coverage certificate failure, v4 froze
a corrected 25-event task/severity family before collecting
another 4,000 disjoint-seed episodes: 2,000 fresh calibration
and 2,000 one-time test. Every candidate executes from reset,
producing 32,000 new outcomes. Protocol, generator, model,
outcomes, and decisions have SHA-256 hashes; v2/v3/v4
seeds do not overlap. No live API or outcome-driven task
removal is used.

Registered adverse-action proxy. Executing a nonempty
state-changing plan without task reward is the binary adverse-
action proxy. Utility is reward net of action and latency cost.
Pre-registered task groups are workflow, account, and ex-
ternal side effect; the last is a high-impact task-semantic
proxy. These labels are not observed privacy, financial, or
irreversible loss.

Methods and metrics. We compare the uncensored
learned selector; sourcewise CP followed by argmax;
SCoRE-SDR (Bai and Jin 2026); end-to-end CP; the 418-
event full-family EPV-Opt baseline; and split-local EPV-
Opt. Their guarantees differ: sourcewise CP does not certify
a new post-argmax distribution, SCoRE controls expected
selected-discovery risk, end-to-end CP controls global con-
ditional FAR, and split-local EPV-Opt simultaneously con-
strains each authorized task and active severity label. We
report direct share, review, conditional and joint FAR, exact
test diagnostics, utility, AV, and local support.



Second-environment transfer sequence. Agent-
Dojo (Debenedetti et al. 2024) supplies stateful banking,
workspace, travel, and Slack tools with registered prompt-
injection goals. The registered sequence separates four
objects: v7 static multi-model proposal replay, v8 dynamic
interaction and provider-failure stress, v9 calibration of
a pooled authority-and-usefulness certificate, and v10
one-time holdout transfer. V9 and v10 freeze the same
six candidates (Sonnet, Opus, and Fable under direct and
cautious policies), task mixture, attacks, selector, and losses.
Each cluster runs a direct validation injection and a distinct
deployment injection from reset state; only validation
evidence can select the deployment candidate. The study
tests pooled sandbox transfer, not AgentDojo leadership,
task-local certification, production prevalence, or legal
permission.

Results

RQ1: Does adding candidates necessarily amplify risk?
No. On 2,000 fresh test episodes, the uncensored selector’s
adverse-proxy rate falls from 0.896 at K = 1 to 0.684
at K = 4/8. The exact correlated replacement terms are
—0.082, —0.130, and 0.000 for K1-2, K2-4, and K4-8.
Added winners are less adverse than displaced winners at
the first two transitions and equally adverse at the last. This
empirically instantiates Proposition 1; the identity itself is al-
gebraic. In a post-outcome robustness audit, all 64 outcome-
independent candidate permutations reduce uncensored risk
from K1 to K4, but threshold-conditioned FAR changes can
have either sign (for K1-2, range [—0.511, 0.126]), as Propo-
sition 2 predicts. Candidate presentation order is therefore
part of the versioned selector; changing it invalidates the
certificate.

RQ2: What do post-selection methods certify? At K =
8, full-family EPV-Opt authorizes 197 actions (coverage
0.099), reviews 363, and observes FAR 0.025. Split-local
EPV-Opt authorizes 388 (0.194), reviews 172, observes
0/388 adverse authorizations (test UCB 0.008), and raises
utility from 180.66 to 367.85 and AV from 621.77 to 808.95.
A post-outcome factor audit shows that a development-fixed
threshold with the original M = 418 correction still autho-
rizes 199 actions; the gain is therefore driven by reducing
the inspected event family, not threshold timing alone. Un-
der matched task-local semantics, task-specific thresholds
add only eight authorizations over one pooled development
threshold, and Holm adds none over Bonferroni. End-to-end
CP still has higher coverage (0.280) and AV (915.80) at
FAR 0.037; SCoRE has coverage 0.318 and AV 958.15 un-
der expected-SDR semantics. Split-local EPV-Opt improves
certificate resolution and local semantics, not every safety—
utility frontier.

RQ3: Which local actions earn direct author-
ity? At K = 8, four tasks pass simultaneous lo-
cal bounds: click-checkboxes, click-option,
enter-password, and 1ogin-user. Their calibration
supports are 100, 99, 100, and 93 with zero adverse out-
comes; ordinary-risk UCBs are at most 0.0646. Three score-
clearing tasks fail or lack support and route to review. In

Table 1: Sealed K = 8 results. FAR denotes the registered
adverse-action proxy (a state-changing plan without task re-
ward) among authorized actions, not observed production
harm; UCB is a one-sided 95% test diagnostic. AV is relative
to uncensored selector utility after common overhead. Guar-
antee semantics differ by method.

Method Direct Review FAR [UCB] Utility AV

Selector 1.000  0.000 0.684 [0.701] -449.10 -8.00
Sourcewise CP 0.089  0.000 0.000 [0.017] 169.43 610.53
SCoRE-SDR  0.318 0.000 0.077 [0.097] 517.05 958.15
End-to-end CP 0.280  0.000 0.037 [0.054] 474.69 915.80
EPV-Opt-Full  0.099 0.181 0.025[0.053] 180.66 621.77
EPV-Opt-Split  0.194  0.086 0.000 [0.008] 367.85 808.95

particular, login-user—popup has 4 adverse outcomes
among 7 calibration actions and receives no direct authority;
its nine score-clearing test actions are reviewed. External-
side-effect tasks have no score-clearing support and abstain,
so high-impact execution is not established.

RQ4: What did the failed certificate teach? The prereg-
istered v3 design applied a 0.05 high-impact bound to all
20 tasks and authorized none: with 40 simultaneous events,
zero high-impact harms among 100 examples still gives UCB
0.0647. V4 preserves that failure, then tests high-impact risk
only for the five tasks where the registered label can occur.
This structural registration reduces the family to 25 events
and restores positive task-level authority without weakening
ordinary task risk.

RQS5: Does authority survive a pipeline change? No.
Changing candidate count, the role registry, or learned score
weights changes the canonical pipeline fingerprint, and all
three audit mutations reject the stale certificate. Versioning
is aby-construction invariant, not a performance comparison.

External dynamic transfer. The registered AgentDojo se-
quence separates proposal replay, dynamic provider stress,
calibration, and an independent holdout. V7 executes 75,165
static candidate—context pairs from Opus, Sonnet, and Fable
butevery certifier is infeasible. V8 dynamic calibration is also
infeasible and its test is dominated by provider-interface fail-
ures, which are retained as operational evidence rather than
model performance. V9 then obtains a pooled dual certificate
on 84 selected clusters: 0 authority violations (simultaneous
UCB 0.043) and 66 useful completions (LCB 0.683). Its
registered test remains unopened because the fixed cost cap
could not cover the full split. V10 imports the exact pipeline
on a fresh one-time holdout. It authorizes 19/90 clusters with
0 authority violations and 16 useful completions, but does
not pass the preregistered confirmation gate. The joint gate
requires all three conditions: support is below 40 and risk
UCB 0.146 exceeds 0.10; only utility LCB 0.641 clears its
0.50 floor. The result is a preserved negative transfer finding,
not a new certificate or a high-impact claim. Supplement S7—
S9 gives the complete audits.
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the 0.10 FAR budget.

Related Work

Runtime authority. Tool and web agents expose side ef-
fects beyond prediction error (Yao et al. 2023; Qin et al.
2024; Zhou et al. 2024; Jimenez et al. 2024; Yao et al. 2025;
Debenedetti et al. 2024). Runtime guards, AgentTrust, and
proof-carrying actions govern source/target permissions and
audit evidence (Qin et al. 2026; Yang 2026; Wang 2026).
EPV-Opt can consume such checks as eligibility; it addresses
the complementary statistical risk of the action selected after
heterogeneous competition.

Selective risk and action evaluation. Selective predic-
tion and conformal risk control govern registered losses
under sampling assumptions (Chow 1970; El-Yaniv and
Wiener 2010; Gibbs and Candes 2021; Bates et al. 2021,
Angelopoulos et al. 2024). SCRC and SCoRE treat post-
selection risk (Xu, Guo, and Wei 2026; Bai and Jin 2026);
SCoRE is a strong baseline here. Conformal Selective Act-
ing (CSA) gives anytime-pathwise selective-risk control for
adaptive RLVR streams (Khosravi and Huo 2026). Our set-
ting is complementary and narrower: sealed IID calibration,
a frozen heterogeneous selector, task-local routes, and ver-
sioned provenance. EPV-Opt is not a new generic confidence
bound; it packages those Agent-specific objects around the fi-
nal selected action. OPE and safe RL supply candidate-value
evidence but do not by themselves authorize a heterogeneous
test-time winner (Dudik, Langford, and Li 2011; Jiang and
Li 2016; Garcia and Fernandez 2015).

Limitations and Impact

The independent heterogeneous identity assumes continuous
scores, while both replacement decompositions allow arbi-
trary dependence. The finite-sample certificate assumes a
frozen pipeline and IID calibration/deployment distribution
and does not cover drift. Split-local routing reduces multi-
plicity from 418 to 25 registered events by spending an in-

dependent development split and structural severity registra-
tion; it does not eliminate conservative exact bounds. High-
impact bounds apply only to pre-registered task-semantic
categories; tasks outside that family are structurally excluded
rather than certified safe. MiniWoB remains the only envi-
ronment with a positive heldout statistical certificate. Agent-
Dojo adds dynamic interaction from three model families in
a recognized tool sandbox, but only for one frozen 20-task
pooled mixture and two registered attack templates. Its cali-
bration certificate does not confirm on the independent hold-
out because selected support contracts from 84 to 19; zero
observed violations therefore still give a 0.146 UCB. Both
environments use registered consequence proxies rather than
observed production harm or legal permission. Split-local
EPV-Opt has lower direct coverage, utility, and AV than end-
to-end CP and SCoRE; matched-semantics task thresholds
add only eight v5 test authorizations over a pooled threshold,
and Holm adds none over Bonferroni. Task-local AgentDojo
certification, independent high-impact labels, broader natu-
ral model populations, and online validity remain open.

Conservative routing can also distribute automation un-
evenly. Deployments should expose group support, review
load, missed opportunity, and certificate expiry rather than
presenting a pooled bound as permanent permission.

Conclusion

Candidate count alone does not determine selected-action
risk; the score—harm relationship and complete selector do.
EPV-Opt makes statistical execution authority explicit by
certifying the versioned selected output and routing unsup-
ported local actions to review or abstention. Prediction is not
permission: execution authority must be established after se-
lection.
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