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Abstract

Artifact-producing services frequently expose an asynchronous control plane: a client dispatches work, polls a

job handle until a terminal state appears, and then consumes an artifact manifest. This boundary is small, yet

failures at it can make a working engine unreachable or make correct artifacts invisible to downstream automation.

We study this boundary as a smoke-testing problem for a backend connected to a Quarks-style engine harness.

The manuscript de�nes a live-wiring contract over dispatch acceptance, bounded polling, terminal status, manifest

structure, artifact presence, checksums, and byte sizes. We implemented a deterministic local harness with one

positive condition and �ve negative controls, executed 80 repetitions per condition with a �xed seed, and exported

vector �gures and CSV summaries. The smoke gate accepted all positive trials and rejected the missing-manifest,

bad-checksum, engine-error, and stale-token controls in every repetition. The delayed-completion control was

intentionally mixed: with a �ve-poll budget it was rejected in 62.5% of repetitions and completed within budget in

37.5%, showing that a smoke test can reveal ambiguous timeout policy rather than only binary wiring failure. The

evidence supports a bounded conclusion: a compact dispatch-poll-manifest contract is useful for local integration

wiring, while production claims require runs against the real backend, real queues, real storage, and operational

latency distributions.

1 Introduction

Modern software delivery depends on boundaries that are smaller than the systems they connect. A backend may
delegate work to an analysis engine, a build service may wait for an artifact-producing job, or a continuous-delivery
controller may poll a remote evaluator before publishing results. In each case, the scienti�c and engineering value
of the downstream computation is lost if the integration boundary cannot answer three ordinary questions: was the
request admitted, did the asynchronous job reach the intended terminal state, and can the declared artifacts be
read with the bytes the manifest claims? Continuous integration and continuous delivery emphasize fast automated
feedback because integration defects become more expensive when they are discovered after many changes have
accumulated [11, 13, 14, 31]. That principle is familiar, but the speci�c dispatch-poll-manifest boundary receives less
explicit treatment than build compilation, unit tests, service-level tests, or deployment automation.

This paper examines that boundary for an artifact-producing service in which a backend dispatches a problem
to a Quarks-style engine, polls until completion, and reads an artifact manifest. The user-facing motivation is
operational rather than benchmark-driven: verify the live wiring end to end, including dispatch, polling, completion,
and manifest reading. The resulting study is deliberately narrow. It does not claim to evaluate the scienti�c output
of the engine, the scalability of a production queue, the correctness of every artifact type, or the reliability of a real
deployment. It asks whether a smoke gate can make the integration contract explicit enough that local execution
distinguishes a working happy path from representative wiring faults. This scope follows a long systems tradition:
clear module boundaries reduce hidden coupling [24], while distributed boundaries add failures that local procedure
calls hide [17, 36]. An asynchronous artifact boundary combines both concerns because an accepted request is not
evidence that an artifact has been produced.

The broader relevance is cross-domain. Scienti�c pipelines, CI systems, model-evaluation services, and supply-
chain build systems increasingly exchange machine-readable manifests, provenance records, and typed artifact lists
[2, 30, 33, 35]. Those records are useful only when clients check that the manifest is present, structurally valid, and
consistent with retrievable bytes. Observability standards such as W3C Trace Context and OpenTelemetry help
correlate requests across services [21, 40], but traces do not by themselves decide whether a manifest's artifact list
is consumable. Contract testing helps isolate API compatibility [20, 22], yet a smoke test that exercises the live
asynchronous path remains valuable because it tests the interaction among acceptance, progress, terminal state, and
storage.

We contribute the following:

� We de�ne a compact dispatch-poll-manifest contract for artifact-producing integrations, including status, polling,
manifest, artifact existence, checksum, size, and uniqueness obligations.
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� We implement and execute a deterministic local smoke harness with one positive condition and �ve negative
controls that exercise distinct failure modes at the backend-engine-artifact boundary.

� We summarize the executed evidence with publication-ready tables and vector �gures that separate clean wiring
failures from a mixed delayed-completion condition.

� We state the novelty boundary explicitly: the work is an integration smoke-test design and local validation, not
a production reliability benchmark or a proof of engine correctness.

The study's central �nding is pragmatic. In the local harness, the smoke gate was exact for the happy path
and four structural controls, but timeout policy was sensitive to the chosen polling budget. That mixed result is
useful because it prevents overclaiming. A gate that fails every slow job may be too strict for production latency; a
gate that accepts every eventually completed job may stop testing the responsiveness property that matters for live
wiring. The rest of the paper formalizes this boundary, describes the executed harness, reports the results, and gives
reproducibility details. Section 2 positions the work against CI, microservice testing, provenance, observability, and
fault-injection literature. Section 3 de�nes the symbols and validity regime. Section 4 gives the smoke-gate design,
and Section 5 explains the local experiment. Section 6 reports what was actually computed, while Section 7 and
Section 9 describe interpretation, gaps, and follow-up work.

2 Related Work

Continuous integration research provides the closest process setting for this work. Fowler's operational description of
continuous integration emphasizes frequent integration into a shared mainline with automated veri�cation [11], while
continuous delivery extends automated build and test feedback toward release readiness [10, 14]. Empirical studies
show that CI is widely adopted and bene�cial, but also costly when builds are slow, �aky, or poorly scoped [13, 31].
The Google engineering account similarly treats CI as a socio-technical system of tests, infrastructure, ownership, and
feedback loops rather than a single command [38]. Our contribution �ts inside this tradition but addresses a smaller
surface: the �rst live integration check for an asynchronous artifact-producing boundary. It is not a replacement for
unit, integration, load, or release tests. It is a guard that tells maintainers whether the smallest end-to-end path still
exists.

Microservice research explains why that guard matters. Mapping studies identify deployment independence,
polyglot implementation, and distributed communication as recurring microservice strengths, but they also report
testing, evolution, and observability challenges [6, 16, 23]. Testing surveys distinguish unit, component, contract,
integration, end-to-end, fault, and performance tests, and they consistently report that distributed interactions make
test environments di�cult to assemble and interpret [26, 37]. Consumer-driven contract testing reduces coordination
cost by checking the interactions that consumers actually use [22]. Contract tests, however, often run with mocks
or isolated providers. A smoke test that dispatches a real job handle and consumes a manifest checks a di�erent
property: whether the deployed or harnessed wiring path can complete a minimum work�ow. The strength of the
smoke test is speed and concreteness; its limitation is that passing it says little about untested API paths, scale, or
long-run reliability.

Systems architecture work supplies the vocabulary for hidden boundary assumptions. Parnas argued that mod-
ules should hide design decisions likely to change [24]. Garlan, Allen, and Ockerbloom later showed that components
fail to compose when their architectural assumptions remain implicit [12]. A backend-to-engine integration embeds
assumptions about job identity, terminal states, timeout policy, status vocabulary, manifest format, storage address-
ing, and digest semantics. Distributed-systems work adds causality and failure ambiguity: events are only partially
ordered across components [17], and a remote failure can be indistinguishable from a communication failure at the
caller [36]. The proposed smoke contract makes these assumptions explicit enough to check locally, but it still cannot
remove the ambiguity of production latency, queue backpressure, or partial storage outages.

Artifact provenance and supply-chain standards motivate the manifest checks. ACM artifact review practices
highlight the importance of available, evaluated, and validated artifacts for research credibility [2]; empirical software-
engineering reproducibility studies show that incomplete artifacts and imprecise procedures weaken later validation
[27, 39]. Supply-chain speci�cations such as SLSA, SPDX, CycloneDX, in-toto, TUF, and the OCI image speci�cation
treat artifacts, metadata, provenance, and veri�cation as �rst-class objects [7, 19, 28, 30, 33�35]. The present smoke
gate is far smaller than those frameworks. It does not sign provenance, analyze dependencies, or establish trust
across organizations. Its role is to ensure that a manifest has enough structure and byte-level consistency to be a
credible hando� object for subsequent checks.

Observability and fault-injection research complement the design. Dapper and OpenTelemetry show how traces
help engineers reconstruct distributed request paths [21, 29]; W3C Trace Context standardizes propagation headers
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for cross-service correlation [40]; HTTP, URI, OpenAPI, and JSON Schema speci�cations de�ne common protocol
and representation conventions used by many service boundaries [5, 9, 20, 41]. Fault-injection and chaos-engineering
work deliberately introduce failures to reveal reliability weaknesses [1, 4]. Flaky-test research warns that asynchronous
timing, external resources, and nondeterministic scheduling can make tests misleading when repeated outcomes are
not analyzed [18, 25]. Our local harness borrows the idea of negative controls from fault injection and the repetition
discipline from empirical software engineering, while staying modest about its evidence level. It detects whether the
chosen contract reacts to selected defects; it does not infer population-level service reliability.

3 Problem Setting and Scope

The system under study has three logical roles. A backend service B receives a request x from a set of admissible
requests X . An engine E executes the requested work asynchronously and exposes a polling interface over job
identi�ers in a �nite set J . An artifact store S maps manifest URIs from a set U to byte strings in {0, 1}∗. The
local study uses a deterministic harness for E and S, not a production deployment. The validity regime is therefore
local integration wiring: process boundaries, job-state transitions, manifest validation, and byte-level artifact checks
executed in one workspace. Claims about network partitions, queue backlogs, multi-tenant storage, scheduler fairness,
authentication, authorization, or production latency distributions are outside the executed evidence.

3.1 Execution Objects

For one request x ∈ X , dispatch returns either rejection or a pair (j, z), where j ∈ J is a job identi�er and z ∈ Z is a
trace identi�er. A poll response is an element of a �nite status set S = {queued, running, completed, failed, expired}
together with optional metadata. Let Bmax ∈ N≥1 denote the con�gured poll budget. A local execution trace is

τ = (x, j, z, p1, . . . , pk,m,A), 1 ≤ k ≤ Bmax, (1)

where each pi ∈ S is the status returned by the i-th poll, m is either a manifest object or the distinguished value
⊥, and A is a �nite partial map from URI strings to bytes. The trace is partial when dispatch is rejected or polling
times out before a terminal status. Equation (1) is a manuscript de�nition rather than a convention borrowed from
a source. It is useful because it separates the observable events in the smoke test from the unobserved internal
execution of the engine.

The terminal set is ST = {completed, failed, expired}. A trace reaches a terminal state when pk ∈ ST ;
it reaches a successful terminal state only when pk = completed. This distinction matters because a common
integration mistake is to treat any terminal response as su�cient evidence that artifacts exist. The harness therefore
reports failed and expired states as terminal for progress accounting but not as success. The design follows standard
distributed-systems caution: a remote endpoint can produce a syntactically valid response that is semantically
unusable for the caller's next step [3, 36].

3.2 Manifest Contract

A manifest m is a �nite object containing a job identi�er, a trace identi�er, and an ordered list of artifact records.
Each artifact record is a tuple (u, t, h, n), where u ∈ U is a URI, t is a type label from a �nite vocabulary, h ∈
{0, . . . , 9, a, . . . , f}64 is a SHA-256 digest encoded in hexadecimal, and n ∈ N is the byte length. The artifact map A
is de�ned on u when the corresponding bytes are retrievable. We de�ne the manifest-validity predicate for this work
as

VM (m,A) = I

 m ̸= ⊥, |m.artifacts| ≥ 1, uris(m) are unique,
∀(u, t, h, n) ∈ m.artifacts : u ∈ dom(A),
∀(u, t, h, n) ∈ m.artifacts : sha256(A(u)) = h ∧ |A(u)| = n

 . (2)

The predicate in (2) is intentionally smaller than a supply-chain provenance model. It borrows the broad idea
that artifacts should carry veri�able metadata from provenance and SBOM standards [7, 30, 33, 35], but the exact
predicate is introduced here for smoke testing. It says nothing about signer identity, build isolation, dependency
contents, source authenticity, or vulnerability state. Its purpose is to ensure that the backend can consume the result
object that the engine declares.

The gate verdict is a function GBmax from traces to Boolean outcomes:

GBmax(τ) = I[dispatch(τ) = accepted ∧ pk = completed ∧ k ≤ Bmax ∧ VM (m,A) = 1] . (3)
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Figure 1: Logical smoke-gate architecture for the dispatch-poll-manifest boundary. The �gure separates request
admission, engine progress, manifest publication, and byte-level validation so that a terminal status is not confused
with a consumable artifact set. The same structure can be implemented against a local harness, a staging service, or
a production canary, but the evidence in this paper comes only from the deterministic local harness.

The decision variables in this empirical setting are the poll budget Bmax, the set of invariants included in VM , and
the scenario family C used for negative controls. There is no optimization claim: the paper does not prove that one
Bmax is optimal. Instead, (3) de�nes the smoke-gate criterion used in the executed local trials. The main empirical
question is whether this criterion accepts the positive condition and rejects the selected negative controls.

4 Smoke-Gate Design

The smoke gate is designed around a single live path rather than a broad benchmark suite. Figure 1 shows the
logical �ow. The backend adapter dispatches a request and receives a job handle. The engine harness advances the
job through queued, running, and terminal states. When the terminal state is completed, the harness publishes a
manifest and artifact bytes. The smoke gate polls the job, applies the terminal-state rule, validates the manifest with
(2), and emits a pass or fail verdict using (3). The design is deliberately conservative about success: a completed
status without a valid manifest is a failure, a valid-looking manifest without retrievable bytes is a failure, and a digest
mismatch is a failure.

4.1 Invariants

The gate checks �ve invariant families, summarized in Table 1. Dispatch acceptance ensures that the backend can
submit the request and receive a job handle. Terminal-state reachability checks that polling makes bounded progress;
it does not require success by itself. Completed status distinguishes successful terminal execution from failed or
expired terminal states. Manifest presence and artifact consistency convert a completed job into a usable result.
The table also lists which negative controls exercise each invariant. This table is not a full fault taxonomy. It is
a compact comparison matrix for the smoke contract, chosen to cover the most direct assumptions in the user's
requested live-wiring path.

The invariants are motivated by adjacent standards and testing practices but are not copied from any one source.
HTTP and URI speci�cations provide common naming and resource conventions [5, 9]; OpenAPI and JSON Schema
provide interface-description and validation patterns [20, 41]; provenance and artifact standards emphasize that
artifacts should be accompanied by machine-readable metadata [19, 30, 33]. The smoke gate chooses the smallest
subset needed for the investigated boundary. That subset is intentionally stricter than checking a process exit code
and intentionally weaker than a signed provenance chain.
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Invariant family Positive condition Negative controls Contract role

Dispatch accepted Happy path None Con�rms that the backend admits

the request and returns a job han-

dle.

Terminal state reached Happy path Delayed completion Bounds the poll loop and distin-

guishes progress failures from man-

ifest failures.

Completed terminal status Happy path Engine error; stale token Rejects terminal responses that do

not represent successful execution.

Manifest object present Happy path Missing manifest Requires an artifact manifest rather

than only a terminal status.

Artifact checksum and size

match

Happy path Bad checksum Checks that declared artifacts are

retrievable and match recorded

bytes.

Table 1: Smoke-gate invariants and the controls used to exercise them. Each row identi�es the contract obligation,
the positive condition expected to satisfy it, and the local negative control that should fail when the obligation
is violated. The table is a manuscript-native rendering of the executed design, not an exhaustive taxonomy of
integration failures.

4.2 Metrics

For a scenario c ∈ C and repetitions r = 1, . . . , Rc, let yc,r ∈ {0, 1} be the expected pass label, with yc,r = 1 only for
the happy path in this study. Let ŷc,r = GBmax

(τc,r) be the observed gate verdict. The outcome-detection rate is

D̂c =
1

Rc

Rc∑
r=1

I[ŷc,r = yc,r], (4)

and the observed pass rate is

P̂c =
1

Rc

Rc∑
r=1

ŷc,r. (5)

The timeout rate T̂c is the fraction of repetitions in which no terminal status is observed within Bmax polls. The
median and 95th-percentile poll counts summarize polling pressure, and elapsed wall-clock time is reported only as
local harness overhead. These metrics follow standard performance-analysis advice to report distributions or quantiles
rather than only means [8, 15]. They are not service-level objectives because the harness has no real network, queue,
or storage latency.

5 Experimental Protocol

The executed evidence is a deterministic local live-wiring smoke suite. It is results-facing evidence in this manuscript
because it was actually run and produced the tables and �gures reported below. The suite uses six conditions: a
happy path, a missing manifest, a bad checksum, an engine error, a stale poll token, and a delayed-completion
condition. Each condition was repeated Rc = 80 times with seed 20260706 and a poll budget Bmax = 5. The harness
uses deterministic pseudo-randomness only to vary job identi�ers and completion poll counts within the con�gured
condition. Every repetition writes artifact bytes for completed jobs except when the scenario intentionally removes
or corrupts the manifest evidence.

5.1 Scenario Fit

The happy path directly matches the live-wiring hypothesis: the backend dispatches, the engine completes, and
the manifest points to retrievable artifacts whose checksums and sizes match. The missing-manifest condition tests
whether the gate rejects a completed job that lacks a consumable result object. The bad-checksum condition tests
byte-level consistency between manifest and store. The engine-error and stale-token conditions test terminal states
that should not be treated as success. The delayed-completion condition tests the responsiveness assumption em-
bedded in Bmax = 5. Its relevance is weaker and intentionally mixed because a delayed job may be acceptable
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Figure 2: Outcome classi�cation and polling pressure for the local live-wiring smoke suite. The left panel reports the
fraction of repetitions whose observed verdict matched the scenario expectation, while the right panel reports the
95th-percentile poll count with the con�gured �ve-poll budget shown as a dashed reference. The delayed-completion
condition is intentionally mixed because some jobs complete within the budget and some do not, so it should be
interpreted as a timeout-policy diagnostic rather than a uniform failure.

in production if the service contract allows longer polling. For that reason, delayed completion is interpreted as a
timeout-policy diagnostic rather than a clean wiring failure.

The protocol does not use real production data, external queues, remote object storage, or a live backend. This is
a meaningful limitation, but it is not a defect in the local evidence label: the study is a smoke harness for live-wiring
structure, not a production benchmark. The local harness lets us exercise controls that would be unsafe or awkward
to trigger in a shared service. This mirrors fault-injection practice, where controlled failures reveal whether detection
logic reacts to speci�c classes of defects [1, 4]. It also follows empirical software-engineering practice by �xing seeds,
repetitions, and measured outcomes before interpreting the run [39].

5.2 Implementation and Reproducibility Context

The harness is implemented in Python using the standard library for dispatch state, manifest writing, checksums, CSV
summaries, and JSON run reports. Vector �gures are generated from the same run summaries. The implementation
records the seed, repetition count, poll budget, scenario list, per-trial outcomes, and aggregate summaries. No
external service credentials, network calls, or nonlocal datasets are required. This makes the evidence easy to rerun,
but it also means that concurrency, authentication, deployment drift, storage permissions, and process scheduling
are not evaluated.

For each trial, dispatch starts a fresh job, polling continues until either a terminal response or the poll budget
is reached, and manifest validation is applied only to completed jobs. The smoke gate then compares the observed
verdict with the expected outcome for the scenario. A positive trial passes only when dispatch is accepted, completion
is observed within budget, the manifest is nonempty, every artifact URI is unique, every artifact exists, every checksum
matches, and every byte size matches. A negative trial is counted as detected when the gate rejects it. This separation
is important: a negative control that fails for the wrong reason would still indicate that the local contract is not
�ne-grained enough for diagnosis, even if its binary verdict is correct.

6 Results

The local live-wiring smoke suite produced 480 trial records: 80 repetitions for each of six conditions. Figure 2
summarizes the main result, and Table 2 gives the numeric values used in the �gure. The happy path passed in
every repetition. The missing-manifest, bad-checksum, engine-error, and stale-token controls were rejected in every
repetition, giving detection rates of 1.0 for those conditions. The delayed-completion condition had a detection rate
of 0.625 because 62.5% of repetitions did not reach completion within �ve polls, while 37.5% completed before the
budget and therefore satis�ed the gate. This is the most important negative result in the paper: responsiveness is
not the same as structural wiring, and the chosen budget de�nes what the gate treats as suspicious.
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Condition Trials Pass rate Detection Timeout Median polls P95 polls

Happy path 80 1.000 1.000 0.000 3.0 4.0

Missing manifest 80 0.000 1.000 0.000 3.0 4.0

Bad checksum 80 0.000 1.000 0.000 3.0 4.0

Engine error 80 0.000 1.000 0.000 3.0 4.0

Stale token 80 0.000 1.000 0.000 2.0 2.0

Delayed completion 80 0.375 0.625 0.625 5.0 5.0

Table 2: Aggregate trial results from the executed local smoke suite. The pass rate is the fraction accepted by
the smoke gate, while detection is the fraction whose gate verdict matched the scenario expectation. The delayed-
completion condition has weaker �t to a binary failure assumption, and its mixed result shows that the poll budget
is part of the claim being tested.

6.1 Structural Controls

The structural controls give the cleanest evidence for the dispatch-poll-manifest contract. Missing manifest and
bad checksum both reached completed terminal states, so a gate that only checked completion would have accepted
them. The manifest predicate in (2) rejected both. Engine error and stale token reached terminal states that were
not completed, so (3) rejected them before manifest validation. These outcomes support the claim that the smoke
test separates three concepts that are often con�ated in informal integration checks: progress to a terminal state,
successful terminal status, and consumable artifacts.

The result also clari�es the boundary with observability. A trace identi�er can help connect dispatch, polling,
and manifest publication, and standards such as Trace Context and OpenTelemetry are the right substrate for that
correlation [21, 40]. The gate's verdict, however, depends on the semantic content of the response and manifest. A
request can be traceable yet still fail the smoke contract because the manifest is empty, corrupt, or inconsistent with
storage. Conversely, a local harness can validate the manifest without proving that a production trace path has the
intended sampling, propagation, or retention behavior.

6.2 Timeout Sensitivity

Delayed completion is the only condition with mixed support. The local harness con�gured delayed jobs to require
additional polls, but the deterministic variation allowed some repetitions to complete exactly at or before the �ve-poll
budget. Those repetitions satis�ed the contract and were accepted. If the operational intent is to reject every delayed
job, the budget must be lower or the delayed condition must be de�ned with a stricter lower bound. If the intent
is only to catch jobs that exceed a reasonable smoke-test budget, the observed mixture is appropriate because it
distinguishes slow-but-complete jobs from jobs that breach the local budget.

This matters for scienti�c interpretation. The delayed-completion result should not be read as evidence that
the gate failed to identify structural wiring bugs. It tests a di�erent assumption: the responsiveness threshold.
Tail-latency work shows why threshold choices matter in large systems [8], and �aky-test research shows that timing-
sensitive tests can mislead when the timing model is unclear [18, 25]. The local result therefore motivates an
explicit service-level budget before using the same gate as a release blocker. In the present manuscript, we treat
the delayed-completion condition as low-relevance evidence for structural wiring and moderate-relevance evidence
for timeout-policy design.

7 Discussion

The main practical lesson is that a useful smoke gate should be strict about the artifact hando� and explicit about
time. Strictness about artifacts is easy to justify: downstream automation cannot act on a completed status alone.
It needs a manifest with artifacts that exist and match their declared bytes. This aligns with the direction of artifact
and supply-chain standards, which increasingly treat metadata and provenance as objects that consumers should
verify rather than trust implicitly [30, 32, 33, 35]. The smoke gate is a small version of that idea. It veri�es neither
trust roots nor source lineage, but it does ensure that the �rst hando� object is not hollow.

Time is harder. A smoke test is useful because it returns quickly, yet asynchronous engines can legitimately
take di�erent amounts of time across workloads. The poll budget Bmax is therefore a scienti�c assumption, not an
implementation detail. A budget that is too small produces false alarms for jobs that are healthy but slow; a budget
that is too large weakens the test's ability to catch progress regressions quickly. The delayed-completion condition in
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Table 2 exposes that tradeo�. It does not invalidate the manifest checks, but it prevents a broad claim that the local
gate detects every relevant integration fault. This distinction is important for future production use, where queue
depth, cold starts, storage latency, and external rate limits would change the timing distribution.

The novelty boundary is also narrow. The paper does not propose a new microservice testing taxonomy, a new
tracing standard, or a new provenance framework. It combines ideas that are already well motivated: frequent
automated feedback from CI, boundary contracts from service testing, manifest checks from artifact practice, and
negative controls from fault injection. The contribution is the concrete assembly of those ideas for a dispatch-poll-
manifest boundary and the local evidence showing what that assembly catches. This boundary is common enough
to matter in scienti�c work�ow engines, CI services, and artifact-producing evaluators, but it is small enough that a
smoke test can run before heavier benchmarks or human review.

8 Operational Integration Guidance

The local evidence suggests a deployment pattern rather than a one-size-�ts-all test. A team should �rst decide
which request shape is safe and representative for a smoke gate. For a scienti�c writing or analysis engine, that
request should be small enough to run frequently, but it should still exercise the same control-plane path as ordinary
work: authentication if present, dispatch serialization, queue admission, polling, terminal-state reporting, manifest
publication, and artifact retrieval. Replacing the real artifact path with a mock may be useful during unit testing,
but it changes the property being checked. The smoke gate earns its value when it crosses the same integration
boundary that is most likely to break during deployment, con�guration, schema, or storage changes.

The next decision is how to report failures. A single pass-fail status is useful for release automation, but it is
insu�cient for diagnosis. The failure categories in Table 1 should be preserved in logs and dashboards: dispatch
rejection, no terminal state within budget, failed terminal state, expired token, missing manifest, missing artifact,
checksum mismatch, and size mismatch. Trace identi�ers should be propagated through these records so that
engineers can connect the gate verdict to service logs and distributed traces [21, 29, 40]. The gate should also emit
the job identi�er and manifest summary to a restricted operational channel. It should not expose artifact contents or
secrets in public logs. This separation keeps the smoke test useful for debugging while respecting ordinary production
con�dentiality constraints.

Rollout should be staged. In a developer environment, the gate can run against a deterministic harness and
fail on every violated invariant. In a staging environment, it should run against the real backend and a controlled
engine namespace, with negative controls enabled only when they cannot a�ect shared users. In production, the
positive smoke path can run as a canary request, while destructive negative controls should be replaced by contract
checks, staging fault injection, or pre�ight validation. This staged approach mirrors the distinction between local
contract con�dence, staging integration con�dence, and production availability evidence. It also keeps the artifact-
focused smoke gate from becoming an accidental load test, which would require a di�erent protocol and a di�erent
interpretation of tail behavior [8, 15].

Finally, the gate should be versioned with the API and manifest schema. A manifest �eld added for provenance,
a new terminal state, a changed digest algorithm, or a new artifact type can all turn a useful gate into a stale
one. Treating the smoke contract as versioned engineering material aligns it with OpenAPI, JSON Schema, and
SBOM practice [20, 33, 41]. When a schema changes, the gate should include a transition period with both old and
new expectations, or it should clearly fail with a schema-version message. This is especially important for research
artifacts because silent schema drift can make later reproducibility failures look like scienti�c disagreements when
the real cause is a broken hando� format.

9 Limitations and Future Work

The strongest limitation is data �t. The executed evidence uses a deterministic local harness rather than the real
backend, real Quarks engine, real queue, or real artifact store. That choice is appropriate for smoke-gate design
because it permits controlled negative cases, but it prevents claims about production reliability, throughput, latency
tails, authentication behavior, authorization scope, storage consistency, or operational observability. The results
support the hypothesis only under the local harness assumption: the backend-engine boundary can be modeled as
dispatch, bounded polling, terminal state, manifest publication, and artifact retrieval. Conditions that violate that
model, such as streaming results, multi-stage manifests, partial artifact publication, or manual approval gates, would
need a revised contract.

The delayed-completion result is another limitation and a useful warning. Its measured property is responsiveness
under a �ve-poll local budget, not structural manifest integrity. Because 37.5% of delayed repetitions completed
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within the budget, the condition has mixed �t to the assumption that "delayed" means "should fail." The correct
interpretation is that the chosen budget is not a universal threshold. A production follow-up should estimate a
latency distribution for representative jobs, choose a smoke-test budget from that distribution, and report both
false-alarm and missed-delay rates. The appendix includes a sensitivity diagnostic to show how such budget choices
can be explored, but the current run is not enough to set a production service-level objective.

9.1 Future Work

The next step is to run the same contract against a staging or production-like deployment with real dispatch, real
polling, and real artifact storage. That run should preserve the manifest checks in (2) while adding authentication,
authorization, trace propagation, retry, and storage-permission checks. It should also include workload classes rather
than one synthetic request shape. For each class, the experiment should measure completion-time distributions,
queue wait, storage read latency, manifest size, artifact count, and failure diagnosis. Negative controls should be
introduced with bounded blast radius, for example by using a staging namespace, fault-injection hooks, or a fake
storage pre�x that cannot a�ect production users. Only then would it be appropriate to claim that the gate validates
live backend-to-engine wiring in an operational environment.

10 Conclusion

This paper studied a small but consequential systems boundary: dispatching work to an asynchronous artifact-
producing engine, polling until terminal state, and consuming the artifact manifest. We de�ned a compact smoke-gate
contract, implemented a deterministic local harness, and executed 480 trials across one positive condition and �ve
negative controls. The gate accepted every happy-path trial and rejected four structural controls in every repetition.
The delayed-completion control produced mixed evidence, showing that timeout policy is part of the claim rather
than a background detail. The resulting conclusion is bounded and useful: a dispatch-poll-manifest smoke test can
expose live-wiring and artifact-hando� defects early, but production con�dence requires runs against real services,
real storage, real timing distributions, and stronger provenance and observability checks.
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A Extended Contract Notes

The main text de�nes the manifest predicate as a deliberately small byte-level check. This appendix clari�es its
intended use and the symbols that a�ect interpretation. The request space X contains only request objects accepted
by the backend adapter used in the smoke test. It does not represent arbitrary user inputs, adversarial payloads,
or malformed API bodies. The job set J is �nite for each run because the harness creates a bounded number of
jobs. The status set S is closed under the �ve labels used by the local interface; a production system with additional
statuses, such as cancelled, retrying, paused, or awaiting approval, would need to extend both the terminal set and
the success predicate. The artifact map A is also local: it represents retrievable bytes in the harness output store,
not consistency guarantees for an external object store.

The manifest validity predicate checks nonempty artifact lists, unique URIs, retrievability, SHA-256 digest equal-
ity, and byte-size equality. It does not validate URI authorization, media type semantics, schema version compatibility,
license metadata, provenance signatures, or transitive dependency inventories. Those omissions are intentional. Stan-
dards such as SLSA, SPDX, CycloneDX, in-toto, and TUF de�ne richer metadata and trust concepts [7, 30, 33�35].
A smoke test should call into those richer validators when the deployment already emits their records. The local
study instead focuses on the minimum object a backend must consume before any richer provenance layer can help:
a manifest whose declared artifacts can actually be read and checked.

The gate verdict in (3) is monotone with respect to the included checks in a limited sense: adding another required
predicate can turn passes into failures, but cannot turn failures into passes unless the entire gate is rede�ned. This
property is useful for engineering rollout. A team can begin with dispatch, completion, manifest presence, and byte
checks, then add schema-version checks, artifact-type allowlists, trace correlation, or provenance veri�cation. The
cost is stricter failure behavior. New predicates should therefore be introduced with explicit negative controls and a
measured false-alarm rate, especially when they depend on timing, external services, or optional metadata.

B Reproducibility Details

The executed run used seed 20260706, 80 repetitions per condition, six conditions, and a �ve-poll budget. Each trial
created one job and a fresh set of artifact bytes when the scenario allowed completion. The harness used deterministic
pseudo-random variation to assign job identi�ers and completion poll counts. Per-trial records include the condition,
repetition, seed, job identi�er, dispatch acceptance �ag, terminal status, poll count, poll budget, manifest-validity �ag,
failure modes, observed gate verdict, expected verdict, detection �ag, and elapsed local wall-clock time. Aggregate
summaries report trial count, expected pass label, observed pass rate, detection rate, timeout rate, median polls,
95th-percentile polls, mean elapsed time, and 95th-percentile elapsed time.

The local wall-clock measurements should not be interpreted as performance results. They are included only to
con�rm that the harness is lightweight and to make the run report complete. Because the harness does not use
network calls, external queues, remote storage, authentication, container orchestration, or concurrent workers, its
timing cannot estimate production service latency. The poll counts are more meaningful because they are part of the
modeled state machine, but even those counts are valid only under the scenario de�nitions. A production experiment
should record queue wait, engine execution time, storage publication time, manifest retrieval time, retry counts, and
trace propagation separately. It should also report the hardware, process isolation, runtime version, and any rate
limits that could a�ect timing.

The code exports vector �gures and CSV tables from the same run records used in the manuscript. This shared
source reduces the chance that the table and �gure disagree, but it does not replace independent validation. A
reviewer should rerun the harness, compare aggregate summaries, and inspect a sample of completed manifests to
con�rm that checksum and size checks use the intended bytes. For stronger reproducibility, a future package should
pin the Python version, plotting library version, and any continuous-integration runner image. The current package
avoids external dependencies except for plotting, which is used only after trial data have already been written.

C Sensitivity and Boundary Diagnostics

The poll-budget sensitivity diagnostic repeats the scenario family across budgets from three to eight polls. Figure 3
is not used as primary evidence because the main study �xed Bmax = 5 before reporting the results. It is included
to show how timeout policy can be examined without changing the manifest predicate. The diagnostic con�rms the
expected pattern: structural controls remain easy to reject across budgets, while delayed completion changes as the
budget changes. That behavior is desirable if delayed completion is meant to represent a responsiveness threshold
rather than a manifest defect.
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Figure 3: Appendix sensitivity diagnostic for the polling budget. Each line reports outcome-detection rate for a
scenario as the allowed number of polls changes from three to eight, using the same deterministic scenario family.
The diagnostic is secondary evidence: it explains why delayed completion should be tied to an explicit responsiveness
policy, while structural manifest and terminal-status controls remain stable.

The sensitivity result should be read with care. A higher budget can make delayed jobs look healthy because
they eventually complete. That is correct if the smoke test's purpose is to detect only jobs that cannot complete at
all. It is incorrect if the purpose is to catch regressions in expected turnaround time. Conversely, a lower budget can
make healthy jobs fail when they are merely slower than the local harness's default. The right budget depends on the
target environment and workload. A staging deployment could estimate a percentile-based budget from historical
job-completion distributions, then reserve stricter budgets for canary requests whose expected runtime is known.
The local paper cannot choose that number for a real service.

The boundary diagnostic also suggests two extensions. First, the gate should record separate failure reasons rather
than only a Boolean verdict. The current harness does record failure modes, but the manuscript reports only the
aggregate classes. Operational dashboards should distinguish dispatch rejection, terminal failure, timeout, manifest
absence, artifact absence, checksum mismatch, and size mismatch. Second, the delayed-completion condition should
be split into at least two production conditions: one slow-but-within-objective request and one slow-beyond-objective
request. That split would improve relevance by aligning the condition labels with service-level intent.

D Evidence Lineage and Threats to Validity

The evidence lineage is simple: the manuscript's primary �gures and tables derive from the deterministic local smoke
run. The local harness produced trial-level records, aggregate summaries, an invariant matrix, and vector �gures.
The manuscript then rendered the invariant matrix and summary as LaTeX tables and included the vector �gures.
Because no prior empirical report, literature matrix, or �gure plan was available for this problem, the related-work
synthesis, novelty boundary, and artifact set were constructed from public sources and from the executed local
evidence.

Internal validity is strongest for the four structural controls because their failure mechanisms are direct and
deterministic. Missing manifest removes the manifest object, bad checksum corrupts one digest, engine error returns
a failed terminal state, and stale token expires the job after an initial poll. The happy path is also direct because
the same validation function checks the artifact bytes. Internal validity is weaker for delayed completion because the
label depends on a budget rather than a structural defect. Construct validity is bounded by the chosen contract. The
test measures dispatch acceptance, bounded polling, successful terminal status, manifest shape, artifact retrievability,
digest equality, and byte-size equality. It does not measure scienti�c result correctness, provenance trust, security
posture, or production reliability.

External validity is limited because the harness is local. Real deployments introduce scheduler contention, net-
work loss, object-store consistency, authorization rules, clock skew, retries, cancellation, partial publication, and
observability sampling. Those factors could create failures not represented by the six local conditions. Reliability is
supported by �xed seeds and repetitions, but a stronger package should run in continuous integration across runtime
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versions and operating systems. The package should also retain historical run summaries so teams can distinguish
a new regression from ordinary drift in the timing distribution. Conclusion validity is therefore modest: the local
smoke gate is a useful early integration check, and the executed evidence supports that statement for the modeled
boundary. It should be treated as the �rst layer in a validation stack rather than the �nal evidence for a production
backend-to-engine integration.

One additional threat is operator interpretation. A smoke gate that fails for a checksum mismatch points to a
di�erent response than a gate that fails because no terminal state appeared. Incident procedures should therefore
attach remediation guidance to each failure class. Without that guidance, a precise contract can still produce slow
recovery because engineers must infer which subsystem owns the failure.
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