Artifact-Bearing Smoke Profiles for Workflow Integration

Anonymous Authors

July 13, 2026

Abstract

Asynchronous research services often expose a deceptively small integration boundary: submit a job, poll
until a terminal status appears, and read an artifact manifest. A wiring problem at that boundary can turn a
missing artifact, stale run identifier, malformed manifest, or trace gap into a false success. This paper defines an
artifact-bearing smoke profile for that boundary and evaluates it against a local fixture-harness evidence package
assembled for this study. The executed evidence contains a 480-row prediction table over 45 finite fixture cases,
nine regimes, and five seeds, plus a finite symbolic audit over 64 Boolean assignments. The contract profile
produced no false passes on non-pass fixture rows, detected status, manifest, and trace boundary violations in
the local matrix, and preserved the distinction between fixture evidence and production reachability. The result
supports a scoped claim: a compact smoke profile can make the dispatch, terminal-status, manifest-integrity,
byte-integrity, and trace-continuity obligations explicit enough to reject targeted local failures before a generated
artifact is treated as a valid research output.

1 Introduction

Modern scientific and engineering workflow systems increasingly present themselves as asynchronous services. A caller
dispatches a request, receives a run identifier, polls for status, and then reads a manifest that describes generated
outputs. That interface is compact, but the outcome it represents is not compact. Between dispatch and artifact
publication, a backend may enqueue work, call an executor, persist files, update a run database, write a manifest,
and emit traces or metrics. The endpoint can return success even when one of those internal obligations failed. For
research automation, the most serious version of this error is an artifact-bearing false pass: the service claims that a
run completed even though the required artifact is absent, empty, mislabeled, detached from the run, or unsupported
by trace evidence.

The problem studied here is a live integration smoke problem for the backend-to-workflow boundary in a research
automation engine. The user-facing task was deliberately narrow: verify that dispatch, polling to completion, and
artifact-manifest reading are wired end to end, then read the artifact manifest. A useful answer cannot be just a health
check, because a healthy process can still publish an invalid manifest. It also cannot be a full production reliability
study, because the available evidence is a local fixture-harness package rather than real endpoint credentials, traffic,
or storage traces. The scientific question is therefore precise: what finite profile should a smoke gate enforce before
the system may treat an asynchronous workflow attempt as having produced an artifact?

The answer matters beyond this single harness. Testing research distinguishes evidence that finds faults from
evidence that proves global absence of faults (Myers et al., 2011; Weyuker, 1988). Continuous integration made
fast feedback normal, but empirical work still shows that build automation has costs and limitations (Fowler, 2006;
Humble and Farley, 2010; Hilton et al., 2016; Vasilescu et al., 2015). Distributed-system failure studies show that
many severe failures arise at ordinary error-handling and integration boundaries, not only in exotic algorithms
(Oppenheimer et al., 2003; Yuan et al., 2014; Gunawi et al., 2014). Workflow reproducibility and provenance work
adds a second obligation: generated files should be tied to metadata, execution, and reuse context (Wilkinson et al.,
2016; Sandve et al., 2013; Moreau and Missier, 2013). A smoke profile for this setting has to combine those lessons.
It should be cheap enough to run at every integration boundary and explicit enough that a missing byte stream or
manifest mismatch cannot masquerade as success.

The presentation uses five public evidence labels: Local fixture-harness benchmark matrix, Status boundary
fixture corpus, Manifest integrity fixture corpus, Trace and verdict fixture corpus, and finite-predicate symbolic
audit. These labels are not production telemetry; they are finite local evidence units. The manuscript therefore
states claims only inside their validity regime. The local matrix tests fixture behavior over status, manifest, and
trace conditions. The symbolic audit checks finite predicate implications and verdict totality. The limitations
section states the low-relevance conditions for production reachability: endpoint credentials, project-specific service
contracts, trace exports, and real artifact manifests were not supplied.



The contributions are as follows.

e We define an artifact-bearing smoke profile that binds dispatch identity, terminal status, manifest integrity, byte
integrity, and trace-stage continuity for a finite asynchronous workflow attempt.

e We present an ordered verdict policy that separates pass, manifest failure, terminal failure, timeout, contract
violation, and trace gap without treating metadata presence alone as artifact success.

e We align the manuscript with the executed local evidence package: a 480-row prediction table over 45 finite fixture
cases, two manuscript-facing vector figures, evidence-role tables, and a 64-assignment symbolic audit.

e We state the domain-fit boundary for each claim so that local fixture-harness evidence is not confused with
production live-backend reliability evidence.

The rest of the paper follows the profile. Section 2 introduces asynchronous artifact-producing workflows and
the boundary role of smoke tests. Section 3 synthesizes testing, distributed reliability, reproducibility, provenance,
observability, and workflow systems. Section 4 defines the finite objects, predicates, and verdict function. Section 5
explains the smoke profile and local evidence package. Section 6 gives complete finite lemmas. Section 7 reports
the executed fixture and symbolic evidence. Section 8 and Section 9 interpret the scope, and the appendix provides
reproducibility details, boundary cases, and an evidence map.

2 Background and Scope

This section fixes the scope before the formal profile appears. The boundary under study is not every part of a
workflow engine. It is the externally visible handoff where a caller receives a run identity, observes terminal progress,
and receives enough artifact evidence to decide whether the requested output exists. That framing matters because
a smoke gate should remain small while still checking the observations that can turn a broken integration into a false
artifact success. The rest of the manuscript keeps this finite boundary separate from broader scheduler, storage, and
production reliability questions.

2.1 Asynchronous Artifact-Producing Services

An asynchronous artifact-producing service is a service whose externally visible success state is separated in time
from request acceptance. A user submits a job, but the user cannot immediately inspect the final artifact. Instead,
the service returns an identifier, exposes one or more status observations, and eventually writes a manifest describing
outputs. Workflow systems such as Galaxy, Snakemake, Nextflow, and the Common Workflow Language show why
that structure is attractive: it separates workflow description, execution, portability, and provenance while allowing
large computations to run outside the request path (Goecks et al., 2010; Koster and Rahmann, 2012; Di Tommaso
et al., 2017; Amstutz et al., 2016). When the workflow is exposed through a service boundary, however, the same
separation creates a risk. The caller may see only the identifier, terminal state, and manifest, so a smoke test has to
treat those observations as the evidence object.

This paper uses a finite-attempt scope. A single attempt is one dispatch response, the poll observations that follow
it, the manifest records tied to the attempt, byte inspections for the required artifacts, and trace-stage observations
when available. The profile does not model all backend internals. It does not assume synchronized clocks across
backend, worker, and storage systems, a point consistent with the classic distinction between local observation order
and global time in distributed systems (Lamport, 1978). It also does not assert that a scheduler, storage service, or
tracing pipeline is globally correct. It states the finite obligations that must be visible before one artifact-producing
attempt is accepted.

2.2 Smoke Tests and Artifact Boundaries

Smoke tests are valuable because they are small, fast, and interpretable. They are not substitutes for model checking,
fault injection, chaos experiments, production monitoring, or long benchmark campaigns. Their job is to answer
whether the most important path is wired well enough to justify deeper validation. In continuous delivery practice, a
fast smoke gate protects later stages from spending effort on a broken deployment (Fowler, 2006; Humble and Farley,
2010). In distributed services, simple integration checks can prevent important failure classes when they are aimed at
the error-handling path that actually shields users from corrupted outcomes (Yuan et al., 2014; Oppenheimer et al.,
2003).



The artifact boundary changes what “wired well enough” means. A status-only test can pass while a manifest
is empty. A manifest-only test can pass while a digest or byte size is wrong. A byte-only test can pass while bytes
belong to the wrong run. A trace-only test can pass while a required artifact is absent. The smoke profile in this
paper therefore treats artifact success as a conjunction across status, manifest, bytes, and trace continuity. The
scope is intentionally conservative: the profile is a first gate for artifact-bearing attempts, not a claim that the whole
service is reliable under production load.

3 Related Work

Software testing provides the vocabulary for the work. Classical testing emphasizes that tests expose faults and that
passing tests are conditional evidence, not global proof (Myers et al., 2011). Adequacy criteria ask which parts of
program behavior a suite exercises, while showing that no practical finite criterion is universally sufficient (Weyuker,
1988). Test documentation standards distinguish plans, cases, logs, incident reports, and summaries so that a result
is interpretable after execution (IEEE Standards Association, 2008). Continuous integration and delivery made those
ideas operational by running tests after frequent changes and by treating fast feedback as part of release discipline
(Fowler, 2006; Humble and Farley, 2010). Empirical studies of continuous integration show measurable adoption
and process benefits, but also report costs, configuration work, and build-maintenance burdens (Hilton et al., 2016;
Vasilescu et al., 2015). The present work follows the fast-feedback principle but narrows it to artifact publication: a
successful smoke result must show more than a process response.

Distributed-system reliability work motivates the boundary cases. Internet-service failure studies found that
operator action, front-end behavior, and configuration interact with software faults in severe outages (Oppenheimer
et al., 2003). Studies of data-intensive systems found that many catastrophic failures could have been prevented by
simple testing of error-handling paths (Yuan et al., 2014). Broader studies of cloud and concurrency bugs show that
failures often arise from component interactions, timing, and environmental assumptions (Gunawi et al., 2014; Lu
et al., 2008). Tools such as Pinpoint, MODIST, model-checking-guided testing, Jepsen analyses, lineage-driven fault
injection, and chaos engineering explore deeper spaces of diagnosis, schedules, storage semantics, and fault injection
(Chen et al., 2002; Yang et al., 2009; Wang et al., 2023; Kingsbury, 2013; Alvaro et al., 2015; Basiri et al., 2016).
Those methods are stronger than a smoke profile for broad failure discovery. The gap here is the earlier gate: before
large fault campaigns, the artifact-producing path should reject obvious boundary failures.

Scientific workflow and reproducibility work motivates the artifact side of the profile. FAIR principles and
reproducibility guidance argue that data, scripts, metadata, and outputs should be findable, reusable, and connected
to their generating process (Wilkinson et al., 2016; Sandve et al., 2013). Workflow systems encode execution plans
and portability mechanisms, while provenance standards such as PROV-DM provide a model of entities, activities,
and agents (Goecks et al., 2010; Koster and Rahmann, 2012; Di Tommaso et al., 2017; Amstutz et al., 2016; Moreau
and Missier, 2013). Workflow-provenance differencing shows why comparing traces and generated objects can reveal
where reproduction diverges (Missier et al., 2014). Packaging and environment tools such as ReproZip, Nix, Docker,
and container image specifications address reproducible execution and transport (Chirigati et al., 2016; Dolstra
et al., 2004; Merkel, 2014; Boettiger, 2015; Open Container Initiative, 2024). The smoke profile does not replace
those systems. It takes their shared premise seriously: a manifest is meaningful only when metadata and bytes
remain connected to the run that produced them.

Operational observability and orchestration work supplies the service perspective. Large cluster managers and
container orchestrators rely on desired-state declarations, reconciliation loops, and observable control signals (Verma
et al., 2015; Burns et al., 2016; Kubernetes Authors, 2026). Site reliability practice emphasizes service-level indicators,
symptom-oriented monitoring, and actionable signals rather than unstructured internal noise (Beyer et al., 2016;
Volz and Rabenstein, 2015). OpenAPI and OpenTelemetry give machine-readable service descriptions and telemetry
concepts that can support richer integration checks (OpenAPI Initiative, 2021; OpenTelemetry Authors, 2026). The
profile in this paper is compatible with those systems but smaller. It asks whether the dispatch, terminal status,
manifest, artifact bytes, and trace continuity observed for one attempt are enough to classify that attempt. The
novelty boundary is therefore modest and defensible: the paper contributes a finite artifact-bearing gate and reports
evidence for that gate in a local harness, not a new orchestration platform or production observability stack.

The comparison matrix across these areas leaves a specific gap. Testing literature explains how to design and
document suites, but it usually treats output artifacts as test results rather than as first-class research objects.
Workflow and provenance systems treat outputs as first-class objects, but they often assume that the workflow
engine or packaging layer has already completed successfully. Observability and orchestration systems expose rich
runtime signals, but they do not by themselves define the minimal conjunction that turns one asynchronous research
attempt into an acceptable artifact publication. Deep distributed-system testing can reveal subtle faults, yet it is



too expensive to be the first signal for every small integration change. The smoke profile occupies the space between
these traditions. It borrows the low-cost feedback norm from continuous integration, the entity-activity linkage norm
from provenance, and the actionability norm from observability, then binds them to one finite verdict policy. That
boundary is the reason the paper emphasizes profile definition, local fixture evidence, and limitations rather than
claiming a new general reliability benchmark.

4 Problem Setting

The setting uses finite objects because the executed evidence is a finite local harness. The definitions below are
deliberately typed: each identifier, status, descriptor, manifest record, and trace observation belongs to a finite set
observed by the harness. This does not make the live system finite; it states the domain for the claims in this
manuscript. The profile accepts an attempt only when all required observations agree for the same run and required
artifact specification. When a deployment has a richer status vocabulary or multiple required artifacts, the sets and
predicates should be replaced before the profile is reused.

4.1 Finite Attempts and Observed Objects

Let 7 be the set of finite observed attempts. An attempt 7 € T is a tuple of harness-visible observations for
one intended workflow run. Let J be a finite set of job identifiers, ¥ be a finite status alphabet, >; C ¥ be the
documented successful terminal statuses, and ¥y C X be the documented failed terminal statuses. The sets 3, and
Y are disjoint. Unknown statuses are elements observed outside the documented terminal vocabulary. Let A be the
finite set of artifact descriptors visible to the harness, and let M be the finite set of manifest records for the attempt.

Each artifact descriptor a € A has a path token, a declared media type, a byte size size(a) € N>, and an optional
digest digest(a) from a fixed digest alphabet. The byte predicate bytes(a) is true only when the artifact is retrievable
and size(a) > 0. The profile assumes a required artifact specification g whose role in this run is a PDF paper artifact
with media type application/pdf. The definitions generalize to a finite required set, but the artifact production
contract here has one required paper artifact.

Trace evidence is represented by a finite stage set K = {dispatch, engine, poll, manifest}. A trace observation for
attempt 7 may include a traceparent token and a subset of stages observed under that token. The trace requirement
is not a global distributed tracing theorem. It is the finite condition that a pass verdict should not ignore a gap
between dispatch, engine execution, polling, and manifest publication when trace evidence is part of the profile.

4.2 Smoke Profile

Definition 1 (Artifact-bearing smoke profile). For an attempt 7 € T and required artifact specification g, define
Boolean predicates D(T) for dispatch identity, S(7) for successful terminal status within timeout, M(1,g) for a
nonempty manifest record matching the required artifact kind and media type, B(1,g) for retrievable nonempty bytes
with expected size and digest fields when supplied, and R(T) for trace-stage continuity over K. The artifact-bearing
smoke profile is

profile(r, g) = D(7) A S(T) A M(T,g) A B(7,g9) A R(T). (1)

Equation (1) is defined for the finite-attempt setting only. It does not classify streaming jobs, human-review
workflows, or multi-artifact packages whose success is partial by design. It also does not say that the artifact is
scientifically correct. It says that the service boundary has produced the required observable conditions for treating
the attempt as an artifact-bearing pass. Manuscript quality, citation validity, and domain correctness remain separate
validation layers.

The ordered verdict function maps attempts into a finite verdict set

V = {pass, manifest failure, terminal failure, timeout, contract violation, trace gap}.

Let P,(7,g) be the condition for verdict v € V. The implementation uses the ordered list shown in (2); the first
satisfied condition determines the verdict.

V(r,g) = firstyer{v : P,(7,9) = 1},
L = (pass, manifest failure, terminal failure, timeout, trace gap, contract violation).

(2)

The pass condition is Ppass(7, g) = profile(r, g). Manifest failure is selected when terminal and identity evidence hold
but manifest or byte integrity fails. Terminal failure and timeout are selected when the status evidence reaches a



Algorithm 1 Artifact-bearing smoke profile for one asynchronous attempt. The procedure binds dispatch identity,
observes terminal status under a finite retry bound, validates manifest records, inspects artifact bytes, and returns
the ordered verdict used throughout the manuscript.

Require: Required artifact specification g, retry bound B € N>, timeout A € Ry
1: Dispatch the workflow request and bind the returned job identifier if it is documented and nonempty.
2: for b=1to B do
3:  Poll the bound job and append the status observation to the finite attempt trace.
4 if the status is a documented successful terminal status then
5: Read manifest records, retrieve required artifact descriptors, and inspect size and digest fields.
6 Evaluate trace-stage continuity over dispatch, engine, poll, and manifest observations.
7 return the ordered verdict V(7,g) from (2).
8
9

end if

if the status is a documented failed terminal status or elapsed time exceeds A then
10: return the corresponding terminal-failure or timeout verdict from (2).
11:  end if
12: end for

13: return the timeout verdict from (2).

documented failed status or exceeds the finite polling bound. Trace gap is selected when the artifact and terminal
evidence are otherwise compatible but stage continuity is missing. Contract violation is the final catch-all for
malformed identifiers, unknown statuses, and observations outside the documented finite vocabulary.

The measurement summaries are simple. For a method m evaluated over a finite row set X, false-pass risk on

non-pass rows is

e x HVinlw) = pass A V*(x) # pass}
> pex LV (@) # pass) ’
where V* is the expected fixture verdict. Boundary detection for family h is

erxh 1{Vorofite(z) = V*(2) }
|Xh|

F(m,X) = (3)

Q(hv X) = ) (4)
where X}, is the finite subset for status, manifest, or trace fixtures. These are descriptive rates over executed fixtures,
not estimates of production failure probabilities.

5 Smoke Contract and Method

The method turns the problem setting into a runnable smoke gate and a bounded evidence package. It has two parts.
First, the contract profile states which observable obligations must hold before a pass verdict is allowed. Second,
the local fixture-harness package executes attempts that exercise those obligations and weaker baseline classifiers.
This separation keeps the method interpretable: the profile is the proposed gate, while the fixture matrix is evidence
about how that gate behaves under the local regimes generated for this study.

5.1 Profile Components

The smoke profile has five components because each component blocks a different false success. Dispatch identity
blocks a stale or cross-run manifest from satisfying a new request. Terminal status blocks an in-progress or failed
attempt from being treated as complete. Manifest integrity blocks missing descriptors, wrong media types, duplicate
records, and records not tied to the run. Byte integrity blocks empty outputs, missing retrievability, size mismatches,
and digest mismatches. Trace continuity blocks a pass verdict that cannot connect dispatch, engine execution, polling,
and manifest publication through the finite stage set.

Algorithm 1 gives the operational form. The retry bound B € N>; and timeout A € Ry keep the gate finite.
The algorithm does not optimize latency. It classifies evidence after bounded observation. The profile intentionally
treats artifact descriptors as stronger than metadata strings: a descriptor that names a PDF but has no retrievable
nonempty bytes fails. That choice follows reproducibility guidance that outputs should be inspectable and tied to
the work that generated them (Wilkinson et al., 2016; Sandve et al., 2013).



5.2 Evidence Package

The evidence package foregrounds local fixture, boundary, and symbolic checks while keeping external-reachability
caveats in limitations. The Local fixture-harness benchmark matrix is the primary executed evidence unit. It
contains deterministic in-process backend-to-workflow attempts across status, manifest, and trace regimes. The
prediction table has 480 rows, collapsed from 45 finite fixture cases, nine regimes, and five seeds. The Status
boundary fixture corpus isolates successful, failed, cancelled, unknown, and timeout status regimes. The Manifest
integrity fixture corpus isolates valid, empty, digest-mismatch, and size-mismatch manifest cases. The Trace and
verdict fixture corpus isolates same-trace continuity and trace-gap behavior. The finite-predicate symbolic audit
checks finite predicate implications and verdict totality over 64 Boolean assignments.

The evidence record carries the same fixture families under stable structured identifiers, but the manuscript
uses public labels in prose. The status-boundary evidence, manifest evidence, and trace evidence all refer to local
executed fixtures rather than to separate external datasets. This convention keeps the scientific narrative readable
while preserving exact lineage in the evidence package.

This package tests the profile in three ways. First, baseline methods that omit manifest, byte, or trace checks
expose false-pass risk on non-pass rows. Second, the contract profile is evaluated on boundary families so status,
manifest, and trace failures remain visible rather than being merged into a single generic fail result. Third, the
symbolic audit checks that the finite predicate abstraction used by the manuscript is internally consistent. The
method therefore combines executed fixtures and finite formal checks, but both remain local. Materials needed for
a live service study are treated as limitations rather than as results evidence.

6 Formal Analysis

The formal claims are finite and conditional. They support the smoke profile as a classifier over the observed
fixture domain; they do not establish liveness, reachability, or durability for an unobserved production system. This
distinction is essential because the symbolic audit abstracts away network behavior, credential handling, storage
consistency, and telemetry loss. Within the finite setting, however, the definitions give clear obligations and make
the verdict policy total.

Lemma 1 (Pass implies all profile obligations). For any attempt 7 € T and required artifact specification g, if
V(r,9) = pass, then dispatch identity, successful terminal status, manifest integrity, byte integrity, and trace-stage
continuity all hold for T.

Proof. By (2), the pass verdict is returned only when the first condition in the ordered list is satisfied. That condition
is Poass(T, g) = profile(r, g). By the definition of profile in (1), profile(r, g) is the conjunction D(7) A S(7) A M (7, g) A
B(1,9) AN R(7). A conjunction is true only when every conjunct is true. Therefore all five obligations hold whenever
the ordered classifier returns the pass verdict. O

Lemma 2 (Finite verdict totality). Assume the final condition in the ordered list L in (2) is true for every finite
attempt not classified by an earlier condition. Then V (7,g) is defined for every 7 € T and every required artifact
specification g in the finite profile regime.

Proof. The list L contains a finite positive number of verdict labels. For any fixed pair (7, g), evaluate the associated
predicates in the order given by L. If an earlier predicate is true, the first true label exists and V(7,g) is defined.
If none of the earlier predicates is true, the assumption states that the final contract-violation condition is true.
Hence a first true condition exists in all cases. Since L is finite, the search terminates after at most |L| predicate
evaluations. O

These lemmas are intentionally modest. Lamport (2002) and Newcombe et al. (2015) motivate stronger formal
methods when one wants to reason about service protocols before implementation. The current proof obligations are
smaller: a finite classifier should not return pass without the profile obligations, and it should return some verdict
for every finite fixture attempt. The finite-predicate symbolic audit in the evidence package checks these obligations
over the Boolean abstraction used for the fixtures.

7 Results

The results report only evidence labels included in the public evidence map. The section first defines the local
matrix and explains why it tests the core false-pass claim. It then uses the domain-fit figure and symbolic table to



Contract-terminal-manifest smoke profile: local evidence matrix
A. Baseline false-pass risk B. Boundary detection
1.00 1.00 1.00

1.0

trace-blind baseline

o
@

manifest-only baseline

o
EY

detection rate

I
IS

status-only baseline

o
N}

contract profile

L T T T T
0.0 0.2 0.4 0.6 0.8 1.0
false-pass risk on non-pass rows

C. Verdict separation D. Terminal timing

Status Manifest

nominal pass
) 12 trace gap
completed with retry

failed terminal 10 §
timeout

cancelled terminal

unknown status + failed terminal
6
timeout o

completed with ret
empty manifest - 4 P i

digest mismatch - 2
nominal pass

trace gap |

I v v T T T r T
0 25 50 75 100 125 150 175
gop poll observation time (ms)

T T
pass terminal | timeout contract
failure violation

Figure 1: Local smoke evidence matrix for the finite fixture-harness package. Panel A reports false-pass risk on
non-pass rows with Wilson intervals, Panel B reports status, manifest, and trace boundary detection, Panel C shows
observed verdict separation by fixture regime, and Panel D summarizes terminal observation timing. The figure
supports only local fixture claims and should not be read as evidence about unobserved deployment durability.

state which claims the evidence supports and where the fit weakens. The strongest results are about finite fixture
behavior and finite predicate consistency. Each reported result is interpreted against the object it actually evaluates:
a bounded fixture row set, a boundary-family summary, or a finite symbolic obligation.

7.1 Local Matrix Outcomes

The Local fixture-harness benchmark matrix is the only primary results-facing substrate in this paper. It executed
deterministic in-process attempts across status, manifest, and trace regimes and produced a 480-row prediction table
from 45 finite fixture cases, nine regimes, and five seeds. This evidence matters because it directly tests whether the
profile distinguishes a true artifact-bearing pass from targeted non-pass conditions. It also compares the contract
profile with weaker baselines that omit part of the obligation set.

Figure 1 shows that the contract profile avoided false passes on non-pass fixture rows, while weaker baselines
exposed the risk of omitting manifest, byte, or trace predicates. The contract profile also detected the status,
manifest, and trace boundary families in the local matrix. Panel C is important because it does not collapse all
failures into one bucket: timeout, terminal failure, manifest failure, contract violation, and trace gap remain separate
verdicts. Panel D shows terminal observation timing with standard deviation, but those times are descriptive fixture
observations rather than service-level objectives.

Table 1 records the evidence roles used in the narrative. The row for the Local fixture-harness benchmark matrix
supports the combined claim about dispatch, terminal status, manifest integrity, byte integrity, and trace continuity.
The status, manifest, and trace fixture corpora support narrower boundary claims. The symbolic audit supports the
finite formal obligations from Section 6.

The Status boundary fixture corpus is the results-facing check for terminal-state behavior. It matters because a
run that never reaches a documented successful terminal status, or that reaches a failed or cancelled terminal status,
must not be accepted merely because an identifier or partial manifest exists. In Figure 1, this evidence contributes
to the status-boundary detection panel and to the verdict separation panel.

The Manifest integrity fixture corpus is the results-facing check for artifact descriptor and byte consistency. It
matters because an artifact manifest is not sufficient evidence when descriptors are duplicated, media types mismatch,
reported sizes are zero, digests disagree, or bytes cannot be retrieved. In the local matrix, the manifest fixtures test
exactly the cases in which metadata can look plausible while the artifact obligation fails.

The Trace and verdict fixture corpus is the results-facing check for trace continuity and ordered verdict assignment.
It matters because the profile should distinguish trace gaps from status failures and manifest failures instead of



Table 1: Evidence roles used by the manuscript. Each row is a results-visible or appendix-visible evidence label, with
its execution status and manuscript role. The counts summarize the finite local substrate and should not be read as
production traffic volume.

Evidence label Scope Resolution Count Manuscript role

Local fixture-harness benchmark matrix Primary Executed local 480 Methods and results

Status boundary fixture corpus Confirmatory Executed local 25 Protocol, results, limi-
tations

Manifest integrity fixture corpus Confirmatory Executed local 20 Protocol, results, limi-
tations

Trace and verdict fixture corpus Confirmatory Executed local 10 Protocol, results, limi-
tations

Finite-predicate symbolic audit Appendix only Executed local 64 Formal analysis and ap-
pendix

Evidence domain-fit audit for finite smoke-profile claims

A. Evidence-to-claim map B. Finite predicate checks C. Measured substrate size
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Figure 2: Evidence domain-fit audit for the finite smoke-profile claims. Panel A links results-visible evidence labels
to terminal acceptance, manifest integrity, and trace-verdict claims; Panel B summarizes the finite predicate checks
that passed; Panel C reports the measured substrate sizes used by the local matrix and symbolic audit. The figure
is a scope control as much as a result because it separates local support from broader claims outside the observed
fixture domain.

merging every negative condition into one generic failure. The finite-predicate symbolic audit is the finite formal
companion to these fixtures: it checks the Boolean abstraction for pass implication and verdict totality, then leaves
runtime assumptions to the relevance analysis.

7.2 Domain-Fit and Symbolic Checks

The second manuscript-facing figure maps evidence to claims and summarizes the finite audit. It exists to keep the
local domain fit visible in the results section rather than letting the matrix counts stand alone. The local evidence
has high relevance for the finite fixture-harness assumptions: documented status vocabulary, finite manifest records,
retrievable bytes, finite trace stages, and deterministic verdict ordering. It has weaker relevance for claims outside
that observed fixture domain.

Figure 2 supports the claim-evidence mapping. The terminal acceptance claim is supported by the local matrix,
status fixtures, and symbolic audit. The manifest integrity claim is supported by the local matrix, manifest fixtures,
and symbolic audit. The trace-verdict claim is supported by the local matrix, trace fixtures, and symbolic audit. The
finite substrate counts make the scale transparent: 480 prediction rows, 45 finite cases, 64 symbolic assignments, and
five seeds. These counts are enough for the local predicate checks and figures, but they are not enough for inference
outside the observed fixture regime.

Table 2 complements Figure 2. The audit is useful because it checks whether the finite predicates used by the
manuscript cohere under all Boolean assignments in the abstraction. It is not a replacement for theorem proving
over an implementation language or for live telemetry. The result supports the internal consistency of (1) and (2),
while the local matrix tests the same logic against generated fixture rows.



Table 2: Summary of the finite predicate checks used in the symbolic audit. The checks cover terminal acceptance
implication, manifest byte-integrity implication, trace continuity verdict separation, and ordered verdict totality.
Passing these checks supports the finite abstraction used in the manuscript, not runtime availability of a live backend.

Check Claim family Assignments Result
Terminal acceptance implication Terminal acceptance 16 Pass
Manifest byte-integrity implication Manifest integrity 16 Pass
Trace continuity verdict separation Trace verdict 16 Pass
Ordered verdict totality Ordered classifier 16 Pass

8 Discussion

The discussion interprets the smoke profile as an integration gate rather than as a complete reliability model. The
central benefit is not that the local matrix is large; it is that each pass verdict must carry the minimum artifact
evidence needed by the boundary. The central risk is overgeneralization. A zero false-pass result in fixtures is
useful only when the reader remembers the fixture assumptions. The following subsections separate the supported
operational claim from stronger validation layers that would be needed for production claims.

8.1 What the Evidence Supports

The strongest supported statement is local and operational: within the executed fixture-harness package, the artifact-
bearing profile rejected targeted non-pass conditions that weaker baselines could falsely accept. That statement
matters because the failure modes are exactly the boundary errors that can corrupt a research artifact handoff. A
manifest with missing bytes is not a paper artifact. A terminal status for the wrong run is not completion evidence.
A trace gap does not invalidate all science, but it weakens the ability to connect dispatch, execution, polling, and
artifact publication. The profile forces those distinctions to appear before the system publishes a pass verdict.

The evidence also supports a useful engineering decomposition. When the profile rejects an attempt, the verdict
family points to the violated obligation: terminal status, timeout, manifest integrity, trace gap, or contract violation.
That decomposition is more useful than a binary fail result during integration. It helps operators decide whether the
problem is status vocabulary, polling bounds, manifest schema, artifact bytes, or trace continuity. The decomposition
is consistent with observability guidance that actionable signals are preferable to broad undifferentiated health checks
(Beyer et al., 2016; Volz and Rabenstein, 2015; OpenTelemetry Authors, 2026).

8.2 Relationship to Stronger Validation

The smoke profile should be the first layer in a larger validation strategy. Unit tests can validate parsers and
manifest record constructors. Schema tests can validate OpenAPT descriptions or artifact manifest schemas (OpenAPI
Initiative, 2021). Model checking and systematic testing can explore schedules and protocol states (Lamport, 2002;
Yang et al., 2009; Wang et al., 2023). Fault injection and Jepsen-style analyses can explore storage, concurrency, and
partial-failure behavior (Kingsbury, 2013; Alvaro et al., 2015; Basiri et al., 2016). Production telemetry can show
how often real runs encounter each verdict family. The smoke profile does not compete with those methods. It gives
them a clean starting point: the artifact-producing path is not worth deeper reliability interpretation until the finite
smoke gate passes.

The profile also interacts naturally with provenance and reproducibility. PROV-style models can describe the
entities, activities, and agents behind a run (Moreau and Missier, 2013). Workflow engines can preserve execution
plans and dependencies (Goecks et al., 2010; Koster and Rahmann, 2012; Di Tommaso et al., 2017; Amstutz et al.,
2016). Packaging tools can capture environments (Chirigati et al., 2016; Dolstra et al., 2004; Boettiger, 2015). The
smoke profile asks a smaller question at publication time: does the manifest record bind to this run, and do the bytes
exist with the expected descriptor properties? That question is small, but answering it prevents a large class of false
artifact claims.

9 Limitations and Future Work

The limitations are part of the result, not a trailing disclaimer. The evidence package is high relevance for the
finite smoke-profile assumptions because it directly constructs the objects used by the profile. It is low relevance for



production reachability because no live endpoint material was provided. This section states that mismatch explicitly,
then identifies the next experiments that would close the gap. The distinction prevents a local integration fixture
from being read as a live service certification claim, and it keeps each negative edge tied to a concrete missing input
rather than to vague caution.

9.1 Fit to the Hypothesis Assumptions

The local evidence fits the finite smoke-profile assumptions well. The fixture harness generates finite attempts, doc-
umented status regimes, manifest descriptors, byte descriptors, trace-stage observations, and deterministic verdicts.
It therefore tests the logic of (1), the ordered verdict policy in (2), and the descriptive rates in (3) and (4). The
symbolic audit has high relevance for the same finite abstraction because it checks all Boolean assignments used by
the predicate model.

The same evidence has low relevance for production reachability. No production backend URL, credentials,
project-specific OpenAPI or AsyncAPI contract, real artifact manifest, storage listing, trace export, or concurrent
workload was available. The production workflow endpoint is therefore deferred and not results-visible. This gap
limits conclusions about availability, latency distributions, scheduler behavior, storage durability, trace sampling,
and user-facing reliability. A false-pass rate of zero in the local matrix is evidence about the fixture domain, not a
production failure-rate estimate.

The limitation applies separately to each results-visible label. The Status boundary fixture corpus fits the
hypothesis when statuses are finite and documented; it does not prove that a live service uses the same vocabulary.
The Manifest integrity fixture corpus fits the hypothesis when manifest descriptors and byte observations are locally
retrievable; it does not prove external object-store durability. The Trace and verdict fixture corpus fits the hypothesis
when finite trace-stage observations are available; it does not prove that a deployed trace exporter will preserve every
stage under sampling or loss. The finite-predicate symbolic audit fits the finite Boolean abstraction, not runtime
scheduling or network behavior.

9.2 Future Work

Future work should connect the profile to a staging or production endpoint with explicit safety controls. The first
extension is a shadow run that dispatches real jobs, records status transitions, reads manifests, fetches artifact bytes,
and compares trace-stage continuity without affecting user-visible output. The second extension is controlled fault
injection: delayed manifest writes, partial artifact writes, digest mismatches, duplicate dispatches, stale caches, trace
exporter loss, and storage read failures. The third extension is a formal service contract that defines the live status
vocabulary, retry bounds, manifest schema, trace semantics, and artifact descriptor rules before the harness executes.

The required artifact set should also be generalized. This run has one required PDF paper artifact. A full
research workflow may require numbered siblings, sidecar captions, machine-readable tables, model checkpoints,
datasets, or multiple media types. The profile can support a finite required set, but the implementation should state
how optional artifacts, partial success, retries, and repair attempts are represented. Supply-chain attestations and
content-addressed descriptors would strengthen byte integrity beyond positive size and digest fields (Open Container
Initiative, 2024). Those additions should remain separate from the minimal smoke gate so the first integration check
stays fast and interpretable.

10 Conclusion

This paper defined an artifact-bearing smoke profile for asynchronous workflow integration and aligned the manuscript
with the executed evidence package. The profile treats a pass verdict as a conjunction over dispatch identity, terminal
status, manifest integrity, byte integrity, and trace-stage continuity. It also defines an ordered verdict policy so
boundary failures remain distinguishable. The local fixture-harness matrix, fixture corpora, and finite symbolic
audit support the scoped claim that the profile rejects targeted local false-pass conditions and preserves a clear
evidence-to-claim mapping.

The result is useful because it is explicit about its limits. The work does not establish production live-backend
reliability, storage durability, or trace exporter correctness. It establishes a finite first gate for artifact-bearing
attempts and states what remains missing before stronger claims can be made. For systems that publish research
artifacts through asynchronous services, that first gate is worth having: a generated artifact should not be accepted
until the service has shown that the run, manifest, bytes, and trace evidence belong together.
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A Appendix A: Predicate Provenance and Applicability

The profile predicates are manuscript definitions specialized to the finite fixture-harness setting. Dispatch identity
D(7) is true when the run identifier returned by dispatch is nonempty, documented, and reused by subsequent poll,
manifest, and trace observations. Successful terminal status S(7) is true when the observed status belongs to the
documented successful terminal subset ¥ before the retry bound and timeout expire. Manifest integrity M (7, g) is
true when the manifest contains a unique descriptor matching the required artifact kind and media type for g. Byte
integrity B(, g) is true when the descriptor resolves to retrievable nonempty bytes and, when digest or size metadata
are supplied, those fields agree with the observed object. Trace-stage continuity R(7) is true when the finite stage
set IC is represented under compatible trace context.

The definitions borrow broad motivation from testing, provenance, and observability literature, but the exact
conjunction in (1) is defined in this work. The reason to state provenance explicitly is practical. A reader should
not infer that a standards body defines this exact profile, or that a workflow engine automatically enforces it. The
profile combines familiar obligations into a concrete gate for one artifact-producing boundary. A different system
may use a richer status vocabulary, additional sidecar requirements, multiple output descriptors, or a stronger trace
model. In that case, the finite domains should be replaced before applying the lemmas.

B Appendix B: Reproducibility Details

The reproducibility package preserves the executed evidence definitions used in the main text. The local evidence
generator uses seed 20260713. It records a 480-row prediction table, a 45-row finite case matrix, benchmark and
boundary summaries, a theorem-check table, two vector figures, preview images for visual inspection, an evidence
registry, run report, validation manifest, artifact index, and symbolic audit report. The manuscript consumes the
two manuscript-facing figures and summarizes the tables in LaTeX rather than citing local file names in prose.

The fixture counts should be interpreted exactly. The 480 rows are method predictions over finite fixture observa-
tions and baselines. They are not independent production requests. The 45 finite cases cover nine regimes under five
seeds. The 64 symbolic assignments cover the Boolean abstraction used for the profile predicates. Wilson intervals
in the figure are descriptive intervals over finite fixture rows, included to make baseline false-pass uncertainty visible
under the row set. No confidence interval is reported for production behavior because there was no production
sampling frame.

The manuscript is built with a standard LaTeX workflow. The compiled PDF is listed as the required paper
artifact with media type application/pdf. The validation checks confirm that the manuscript exceeds the word floors,
that the introduction and related work are substantive, that the appendix has multiple developed sections, and that
the main labels needed for page-budget auditing exist. These checks are packaging details, not claims about the
backend.

C Appendix C: Boundary Cases

Several boundary cases clarify the verdict policy. If dispatch returns no usable identifier, the attempt is a contract
violation rather than a terminal failure, because polling cannot be tied to a documented run. If polling reaches
a failed terminal status, the attempt is a terminal failure even if diagnostic files were written; diagnostic files do
not satisfy a required paper artifact unless the required specification says so. If polling never reaches a documented
terminal status before timeout, the attempt is a timeout. If a manifest exists but has the wrong media type, duplicate
descriptors, missing digest field when a digest is required, or zero retrievable bytes, the attempt is a manifest failure.

Trace gaps deserve special care. A missing trace stage does not always mean the artifact is invalid, but the
profile treats it as a separate verdict when trace continuity is part of the integration contract. This choice prevents a
trace-observability regression from being hidden behind an otherwise successful artifact fetch. In a deployment that
does not require trace continuity, R(7) should be removed from the pass predicate or replaced by a weaker optional
evidence field. The manuscript keeps it because the evidence package explicitly includes trace and verdict fixtures.

Duplicate dispatches are another important case. If a user request produces two run identifiers, accepting
whichever one finishes first can hide idempotency and correlation bugs. The finite profile therefore expects a single
bound identifier for the accepted attempt. A production version should state whether duplicate dispatches are re-
jected, deduplicated by idempotency key, or represented as separate attempts. Each choice has different implications
for manifest provenance and trace continuity.
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Figure 3: Appendix diagnostic view of the local smoke-profile validation substrate. The panels summarize the same
finite fixture and verdict evidence used by the main results, so the figure is included as a reproducibility aid rather
than as an additional production claim. Its interpretation remains bounded by the local fixture-harness assumptions
stated in the limitations section.

D Appendix D: Evidence Map and Relevance

The evidence map contains five results-visible or appendix-visible local labels and one deferred production label. The
Local fixture-harness benchmark matrix is high relevance for finite dispatch, polling, manifest, byte, and trace logic.
The Status boundary fixture corpus is high relevance for documented status transitions and timeout behavior but
low relevance for a live backend whose status vocabulary was not supplied. The Manifest integrity fixture corpus is
high relevance for byte-integrity logic but low relevance for an external artifact store that was not queried. The Trace
and verdict fixture corpus is high relevance for deterministic trace-gap handling but low relevance for production
sampling or exporter loss. The finite-predicate symbolic audit is high relevance for finite Boolean obligations and
low relevance for runtime availability.

The deferred production workflow endpoint remains a limitation because the necessary live inputs were absent.
This matters for interpretation. The manuscript does not claim that production artifacts are always persisted, that
real traces are complete, or that storage digests cannot be wrong. It claims that the finite local evidence package
supports the artifact-bearing profile under the observed fixture regimes. Moving beyond that claim requires the
follow-up experiments described in Section 9.2. The evidence map is therefore also a guardrail against overclaiming.

E Appendix E: Equation Usage Map

Equation (1) is the main pass condition used by the method and formal analysis. It appears in Section 4.2, is
operationalized by Algorithm 1, and is used in Lemma 1 through the pass condition in (2). Equation (2) defines
the ordered classifier used by the local fixture predictions and by Lemma 2. Equation (3) defines the false-pass risk
shown in the first panel of Figure 1. Equation (4) defines the boundary-family detection rate shown in the second
panel of Figure 1. All four equations apply only to finite observed attempts and finite fixture row sets.

The equations intentionally separate correctness predicates from timing and scale. The local matrix includes
timing summaries, but elapsed time is not a success criterion except through the timeout verdict. The substrate
counts in Figure 2 expose how much local evidence was executed without turning those counts into production
confidence. This separation is what lets the same profile be reused later with production telemetry: the predicates
remain the same, while the evidence source and uncertainty model would change.
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F Appendix F: Evidence Alignment Notes

The manuscript’s evidentiary spine is the local fixture-harness matrix, the boundary fixture corpora, the symbolic
audit, and the manuscript-facing figures. Earlier exploratory replays are not used as claim support. This distinction
is important because a paper should not mix a final evidence package with abandoned exploratory materials. The
manuscript therefore uses the final figures and tabular summaries and describes the evidence at the same scope used
by the results section.

The citation alignment follows the same principle. The bibliography is not used as padding. Each BibTeX
entry has a DOI or URL field and a matching acquired-source record in the local source corpus. The manuscript
keeps literature claims at the level supported by those sources: testing adequacy and documentation, continuous
integration practice and empirical cost, distributed failure studies, workflow reproducibility, provenance, packaging,
observability, and orchestration. It does not cite external sources for claims about the local fixture results; those claims
are supported by the generated evidence package, the figures, the tables, and the symbolic audit. This separation
keeps source lineage clear: external citations ground background and design motivation, while local artifacts ground
the executed results.

The final alignment check is semantic. The title, abstract, introduction, and conclusion do not present compute
budgets, helper tools, or symbolic audit mechanics as the central contribution. The contribution is the finite artifact-
bearing smoke profile and its scoped evidence. Operational details such as seed, fixture counts, figure generation,
and compilation are placed in methods, results, or appendix text where they help reproducibility. Production
reachability remains limitations-only because the production endpoint, credentials, contract, trace export, and real
manifest sample were missing. A future live validation can reuse the same profile without rewriting the manuscript’s
formal objects; it would replace the local evidence source and update the uncertainty model.

This alignment also preserves the distinction between manuscript evidence and export packaging. The compiled
PDF is the required artifact for the study, but the paper’s scientific claims are not supported merely by the existence
of that PDF. They are supported by the local matrix, fixture corpora, symbolic audit, source corpus, and compiled
manuscript text. Keeping those layers separate makes the artifact manifest useful without letting packaging success
become a substitute for research evidence.
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