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Abstract—Digital music services normally treat a released master as a fixed file. This design preserves delivery
simplicity, but it also binds the long-term technical state of a work to the tools, budget, and production condi-
tions available at release time. This paper presents Living Master, a versioned music-asset architecture in which
an immutable original master, creative-intent metadata, rendering context, engine releases, candidate renders,
evaluation evidence, and publication decisions are represented as a single traceable work object. Every candi-
date is rendered directly from the immutable origin rather than from a previously processed version, prevent-
ing deterministic inheritance of cumulative processing errors. New engine releases may generate catalog-wide
candidates, but cannot replace a published version without passing quality, risk, and intent-fidelity gates. The
architecture separates preservation, transformation, evaluation, publication, and rollback; uses provenance and
fixity records to make every audible change explainable; and defines a catalog inheritance mechanism by which
historical works may receive future processing improvements. Living Master is compatible with preservation
and multimedia metadata standards but adds a longitudinal audio-production layer that those standards do not
prescribe. The contribution is an engineering model, lifecycle protocol, metadata schema, and validation plan. A
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production-scale catalog implementation and longitudinal listening study remain future work.

Keywords—digital music assets; audio provenance; version control; music mastering; digital preservation

1 Introduction

A digital music release is usually distributed as one or
more fixed encodes derived from a final master. The
content-delivery system may evolve, but the sound of
the work remains linked to the production decisions
made at one point in time. A platform can improve
recommendation, transport, or user interface with-
out improving the acoustic representation of previ-
ously released recordings.

The internal Jielu Living Master Theory proposes a
different temporal model: a musical work is not iden-
tical to one file, but is a persistent asset containing
an immutable sound origin, creative intent, context,
and a history of validated renderings [1]. This pa-
per translates that theory into an implementable en-
gineering architecture. The term Living Master does
not mean that a platform continuously modifies a file
in place. It means that the platform preserves a sta-
ble origin and can generate, evaluate, publish, and
roll back distinct versions as technology changes.

The architecture addresses seven requirements:

1. preserve the original master and its fixity evi-
dence;

2. prevent cumulative reprocessing across genera-
tions;

3. separate candidate generation from publication
authority;

4. preserve creative intent as an explicit constraint;

5. record complete engine, parameter, metric, and
decision provenance;

6. support catalog-scale re-rendering after engine
upgrades; and

7. allow deterministic rollback to any previously ac-
cepted version.

The contribution is architectural rather than per-
ceptual superiority. A Living Master system does
not guarantee that every new engine improves every
work. It guarantees that every eligible work can bhe
reconsidered, that only validated candidates are pro-
moted, and that the origin and history remain recov-
erable.

2 Related Standards and Systems

2.1 Preservation and Provenance

The OAIS reference model defines a durable archival
framework based on information packages, preser-
vation planning, data management, and access [2].
PREMIS specifies preservation metadata around in-
tellectual entities, objects, events, rights, and agents,
including fixity and significant properties [3]. W3C
PROV-0 provides a general vocabulary for entities, ac-
tivities, agents, derivation, and generation relation-
ships [4]. These standards are directly relevant to
authenticity and provenance, but they do not specify
how areleased musical work should be repeatedly re-
rendered, perceptually evaluated, and promoted as a
new default playback version.

2.2 Multimedia Item and Audio Models

MPEG-21 Digital Item Declaration models structured
multimedia items consisting of resources, metadata,
and relationships [5]. Digital Item Adaptation de-
scribes transformations motivated by terminal, net-
work, storage, and quality-of-service constraints [6].
The ITU-R Audio Definition Model (ADM) provides
metadata for channel-, object-, and scene-based au-
dio production and interchange [7]. Living Master
can use these standards for representation and de-
livery, but its novel focus is longitudinal production
lineage: immutable origin, engine-version rendering,
artistic-intent constraints, quality gates, publication
aliases, and catalog inheritance.
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2.3 Version Control versus Versioned Media

Software version control records source changes and
permits reproducible builds. A music asset differs
in two ways. First, the acceptance criterion is partly
perceptual and artistic rather than only functional.
Second, the primary source must remain unchanged
while potentially many derived representations coex-
ist. Living Master therefore borrows the ideas of im-
mutable source, explicit build environment, prove-
nance, and rollback, but treats each audible output
as an evaluated media representation rather than a
source-code commit.

3 Problem Formulation
Let musical work i be represented as

W; ={0;,1;,C;, Vi1, ..., Vin}, (@)
where O; is the immutable original master, I; is a
structured creative-intent profile, C; is descriptive
and production context, and V; ;, are generated ver-
sions.

A version at engine release n is rendered by

‘/ji.,n :R(Oi7EnaIi7Oi7Pi,n7Tn); (2)

where P, ,, is the work-specific parameter set and 7, is
the delivery and technical policy profile. Equation (2)
separates the work from any single file and separates
the engine from the source asset.

3.1 Origin Immutability Invariant
For all system times ¢,

o =0, 3)

verified by cryptographic digest and preservation
metadata. Any operation that mutates the origin vi-
olates the architecture.

3.2 Non-Cumulative Derivation Invariant
A cumulative chain uses

‘/i,n = Fn(vti,nfl)7 (4)

which may inherit compression, phase, spectral, or
nonlinear errors from prior stages. Living Master in-
stead requires

‘/i,n :R(OivEn7Ii7Ci>P’i,n7Tn)- (5)

Thus version n may be compared with earlier ver-
sions, but is not acoustically derived from them. This
does not eliminate source defects or defects intro-
duced by FE,; it eliminates deterministic inheritance
of previous processing decisions.

4 Lifecycle and Version Graph

4.1 States

A candidate passes through the state machine in
Table 1. Publication is implemented as an atomic
change to a logical alias or manifest pointer; no ac-
cepted file is overwritten.

Table 1: Version lifecycle states.

State Required condition

Generated Render completed; hashes and engine identity
recorded.

Measured Objective features and policy checks completed.

Reviewed Listening or expert review completed when pol-
icy requires it.

Accepted Quality, risk, rights, and intent thresholds pass.

Published Atomic alias points to this accepted version.

Superseded Another accepted version becomes default; file re-
mains available.

Rejected Candidate retained with failure evidence or
deleted under retention policy.

Revoked Previously accepted version removed from deliv-

ery for rights or safety reasons.

4.2 Candidate-Before-Replacement Rule

An engine update grants permission to create candi-
dates, not authority to replace the default. Let Q(V)
be technical-perceptual quality, R(V) risk, F(V, I;) in-
tent fidelity, and L(V,V;,) unacceptable divergence
from the current published version. Define

Gin = Q(Vin) = Q(Vip) = AR(Vin). (6)
Promotion requires
Gin > 0;,
R(Vi,n) < Rmax,
F(Vin, 1i) > ni,
L(Vin, Vip) < Lmaxi-

)

Thresholds may depend on genre, rights policy, in-
tended aesthetics, and the confidence of the evalua-
tion data.

4.3 Rollback

Rollback is a metadata transaction: change the pub-
lished alias from V; ,, to an earlier accepted V; ;. The
origin and both derived files remain unchanged. This
makes rollback fast, auditable, and independent of re-
rendering.

5 Metadata and Provenance Model

Each work is represented by an append-only mani-
fest whose minimum entities are summarized in Ta-
ble 2. The model can be serialized as JSON-LD, rela-
tional tables, or graph records. PREMIS concepts can
represent objects, events, agents, rights, fixity, and
significant properties; PROV-O can express that a ver-
sion was generated by a rendering activity using a
specific engine and source.

5.1 Identity and Fixity

Every stored binary object should carry at least one
collision-resistant digest. An origin identifier must be
independent of storage path. Engine identity should
include source revision, model weights, dependency
lock, and execution image; a version is reproducible
only if both the media source and the rendering envi-
ronment are identifiable.

5.2 Intent Profile

Creative intent is not reduced to one emotion la-
bel. A practical profile may include target fore-
ground/background balance, desired width, dynamic
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Figure 1: Living Master object and decision flow. The published alias is mutable, but the origin, candidate files, and

decision history are append-only.

Table 2: Minimum Living Master metadata entities and representative fields.

Entity Stable identifier Representative fields Relevant standards
mapping
Work work id title, creators, rights, intent profile, context, eligibility policy MPEG-21 Digital Item;
PREMIS Intellectual En-
tity
Origin origin_id UR], codec, sample rate, channels, bit depth, duration, checksum, PREMIS Object and fix-
ingest event ity; OAIS Content Infor-
mation
Engine release engine id semantic version, source commit, model hashes, dependency lock, PROV Agent/Entity;
container digest, calibration set PREMIS Environment
Render activity render_id engine, origin, parameters, delivery profile, start/end time, com- PROV Activity; PREMIS

pute environment, logs

Candidate  ver- version_id
sion state
Gate decision decision id
tamp

Published alias alias id
target

file hash, parent origin, metrics, risk, intent score, review evidence,
policy version, thresholds, reviewer/agent, pass/fail reasons, times-

current version, effective interval, territory/device profile, rollback

Event
PREMIS Object; PROV
Entity
PROV  Activity/Agent;

PREMIS Event
MPEG-21 relation and
presentation metadata

character; tolerated distortion, vocal intimacy, rough-
ness, temporal contrast, reference notes, and pro-
tected traits. Some fields are machine-readable con-
straints; others remain descriptive evidence for re-
view.

5.3 Provenance Rule

Every version must answer four questions: what
source was used, what engine and parameters gen-
erated it, what changed, and why it was accepted
or rejected. A version without this evidence may be
playable, but is not a trustworthy Living Master asset.

6 Catalog Inheritance

Let a platform contain N works. When engine F,
is released, an eligibility function selects

Sui1 = {i | eligible(W;, E,,1) = 1}. ®)

Eligibility can depend on rights, source availability,
audio format, prior failure tags, compute cost, genre
support, and creator opt-in. Candidates are sched-
uled for : € S,,1, evaluated, and promoted indepen-
dently.

The catalog quality at release n can be represented
as

3 wiQVip(m)
sz‘vzl Wi
where p(n) maps each work to its default published

version and w; is a declared catalog weighting policy.
The catalog improvement is

Qcat,n =

; 9)

AQcat,n+1 = Qcat,n+1 - Qcat,n- (10)

{New engine release E,, 1 }4— ---

}

{ Eligibility and priority selection }

}

{ Parallel non-cumulative renders}

}

{Automated gates + sampled listening }

}

{Atomic per-work publication

}

{Metrics, failures, feedback, cost} -—-

Figure 2: Catalog inheritance cycle. Each work is indepen-
dently eligible, rendered, gated, and published.

A useful engineering efficiency measure is

N, qualified AQ Rreach

TDR = )
Cengine + Crender =+ C’review

1mn

where Ryeacn 1S the fraction of listening events served
by promoted versions. Equation (11) is an opera-
tional planning metric, not a universal economic law.

7 Delivery Profiles and Representation Separa-
tion

A Living Master version and a delivery representa-

tion are different objects. The accepted version V; ,,

is the production-level master selected by the gate. A
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device- or service-specific representation is
Ai,n,d = D(V;J,na Td)7 (12)

where D is a delivery transform and 7}, is a profile
containing codec, sample rate, channel layout, loud-
ness policy, and device constraints. A new encode
of the same accepted version does not create a new
Living Master generation unless it changes the pro-
duction interpretation of the work. This distinction
prevents routine transcoding from polluting the ver-
sion history and allows MPEG-21 adaptation or ADM-
based delivery metadata to coexist with the longitudi-
nal master lineage.

Delivery representations should still record source-
version identity, encoder version, parameters, check-
sum, and effective policy interval. The delivery re-
solver may select different representations for head-
phones, loudspeakers, spatial systems, or bandwidth
constraints while preserving a common accepted
master identity.

8 Storage and Compute Model

If every candidate were retained indefinitely, storage
growth would be unbounded. Let s(O;) be origin size,
s(V; ;) retained version size, and m; the number of re-
tained candidates. Approximate catalog storage is

N

Scat = Z

i=1

5(0;) + Z s(Viw) +s(M;)|,  (13)
k=1

where s(M;) is metadata, reports, and logs. Retention
policy should distinguish accepted versions, rejected
candidates with research value, and disposable inter-
mediate files. Lossless origins and accepted versions
receive preservation priority; rejected candidates
may be retained as metrics and provenance without
retaining full audio when rights and research policy
permit.

Catalog rendering is embarrassingly parallel at
the work level. For eligible set S, total compute
is C = ) ,.sci, while wall-clock time depends on
worker capacity, queue policy, model loading, and
review latency. Reuse of cached features, determin-
istic job identifiers, idempotent retries, and content-
addressed outputs reduce duplicate work. Storage
and compute budgets therefore become explicit re-
lease constraints rather than hidden consequences of
engine evolution.

9 System Architecture

A reference implementation contains six separable
services.

Asset registry. Stores work manifests, origin iden-
tifiers, rights, intent, and current aliases.

Immutable object store. Stores origins, candi-
dates, accepted versions, reports, and logs under
content-derived identities or equivalent fixity con-
trols.

Render orchestrator. Resolves an engine re-
lease and work manifest into an isolated render
job. The current Moodify pipeline already separates
source input, processed output, and report genera-
tion, while treatment records preserve parameters
and before/after measurements [8].

Evaluation service. Runs loudness and true-peak
checks consistent with ITU-R BS.1770, objective fea-
ture extraction, regression checks, and policy-specific
risk tests [9]. Subjective comparison may use ITU-
R BS.1534 when perceptual differences require con-
trolled listening [10].

Gate and review service. Combines automated
thresholds with human review requirements. The
experimental Moodify codebase includes a three-
gate structure for diagnosis completeness, separation
quality, and output compliance, although some pro-
duction checks remain incomplete [8].

Delivery resolver. Maps a work request and de-
livery profile to the current accepted version. It must
support atomic alias updates, cache invalidation, ter-
ritory and rights filters, device-specific representa-
tions, and immediate rollback.

10 Safety and Failure Modes

10.1 Cumulative Processing

The most direct failure is rendering from the current
default rather than the immutable origin. Enforce-
ment should occur at API and storage layers: ren-
der jobs accept an origin id, never an arbitrary
published-version path, unless an explicitly declared
restoration workflow requires otherwise.

10.2 False Improvement

A higher objective score can conflict with artistic in-
tent. The system must retain protected traits and re-
quire review when the candidate exceeds divergence
limits. A noisy, narrow, dark, or distorted aesthetic
can be intentional.

10.3 Engine and Environment Drift

Identical parameters do not guarantee identical au-
dio if dependencies, model weights, codecs, or
floating-point environments differ. Reproducibility
therefore requires engine manifests and, where nec-
essary, reference renders or tolerance bands.

10.4 Rights and Consent

Re-rendering may be technically possible but contrac-
tually prohibited. Creator opt-in, territorial restric-
tions, derivative-work terms, and revocation must be
first-class eligibility inputs. A technical improvement
cannot override rights.

10.5 Catalog-Scale Cost

An engine release may make millions of candidate
renders economically infeasible. Priority queues
should use expected gain, confidence, audience
reach, creator value, and cost. Low-confidence
classes can be sampled before full deployment.

10.6 Identity and Authenticity

A malicious or mistaken replacement of the origin in-
validates the lineage. Fixity verification should run
at ingest, before every render, after migration, and
periodically under preservation policy. Decision logs
should be append-only and access controlled.

11 Validation Protocol

Table 3 defines the minimum validation program be-
fore production use.

A first experimental deployment should use a mod-
est catalog, multiple engine releases, and deliberately
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Table 3: Architecture validation tests.

Test Pass condition

Origin im- Origin digest unchanged across all lifecycle
mutability events.

Non- Every candidate has direct derivation from ori-
cumulative gin; no hidden parent-version dependency.
lineage

Reproducibility Re-render within declared sample or metric tol-

erance using archived engine environment.
Atomic pub- Concurrent readers observe either old or new
lish alias, never a partial state.

Rollback Previous accepted version restored without au-
dio reprocessing.

Gate deter- Same evidence and policy version produce same

minism automated decision.

Provenance All mandatory source, engine, parameter, metric,

completeness  review, and decision fields present.

Intent preser- Controlled listening shows no material violation

vation of protected traits.

Catalog simu- Batch scheduler respects rights, cost ceilings, re-

lation tries, and per-work isolation.

Disaster re- Work manifest, origin, accepted versions, and

covery alias reconstructed from backups.

injected failures. The study should measure repro-
ducibility rate, gate false-positive and false-negative
rates, rollback latency, storage growth, render cost,
and listener preference under loudness-matched con-
ditions. Longitudinal evaluation is required to test
the central claim that an evolving engine can raise
catalog quality without eroding identity or trust.

12 Discussion

Living Master separates three concepts that are of-
ten conflated: preservation of the work’s origin, gen-
eration of new technical representations, and selec-
tion of a default playback version. This separation al-
lows technology to evolve without rewriting history.
It also changes the unit of audio research value. An
improvement to an engine can affect not only future
uploads but also eligible historical works, creating a
direct connection between research, catalog quality,
and user experience.

The architecture also imposes restraint. A new
version is not inherently superior, more versions do
not automatically create more asset value, and auto-
mated processing does not replace creative authority.
Version history becomes valuable only when differ-
ences are meaningful, provenance is complete, and
rollback remains possible.

Living Master is complementary to archival stan-
dards rather than a replacement for them. OAIS and
PREMIS help preserve authenticity and long-term in-
terpretability; PROV-O helps express lineage; MPEG-
21 and ADM help structure multimedia and audio
metadata. The proposed layer adds a production
lifecycle in which preserved sources can be repeat-
edly reinterpreted under explicit technical and artis-
tic controls.

13 Implementation Status and Limitations

The Moodify repository provides partial building
blocks: separate output generation, analysis and di-
agnostics, parameterized DSP, treatment records, be-
fore/after metrics, and experimental quality gates [8].

It does not yet constitute a production Living Master
platform. Missing components include an immutable
catalog registry, engine-container archive, complete
rights and intent schemas, catalog scheduler, atomic
delivery alias service, full gate calibration, produc-
tion monitoring, and longitudinal listening evidence.

The equations in this paper are design abstractions.
Q, R, F, and L require empirical definitions and
calibration; catalog weights can encode institutional
bias; and engine inheritance can amplify systematic
errors if validation is weak. The architecture should
therefore be deployed gradually, with creator control,
sampled review, conservative promotion thresholds,
and transparent version histories.

14 Conclusion

Living Master defines a musical work as a persis-
tent, versioned asset rather than a fixed delivery
file. Its central engineering invariants are immutable
origin, non-cumulative derivation, candidate-before-
replacement, intent-aware quality gating, complete
provenance, and reversible publication. These in-
variants allow historical music to become eligible for
future technical improvement without destroying its
source or concealing its history. The next step is a ref-
erence implementation and longitudinal catalog ex-
periment measuring reproducibility, perceptual ben-
efit, risk, cost, and trust.

15 Reference Manifest and Promotion Transac-
tion
The following compact manifest illustrates the logical

minimum for one accepted version. Field names are
informative rather than normative.

Table 4: Illustrative work-manifest fragment.

Field Example semantic content

work_id Stable work identity independent of files.

origin Object URI, SHA-256 digest, codec, sample rate,
bit depth, ingest event.

intent Protected traits, target characteristics, refer-
ences, creator notes, consent scope.

engine Release ID, source commit, model digests, de-
pendency and container digests.

render Parameter set, delivery policy, job ID, times-
tamps, compute environment.

evaluation Objective metrics, listening evidence, risk flags,
intent fidelity, policy version.

decision Accepted/rejected, reasons, agent, effective
time, signature.

published Alias to accepted version plus rollback target.

An atomic promotion transaction follows this or-
der:
1. verify origin, candidate, report, and engine di-
gests;

2. verify rights, creator consent, gate policy, and re-
view completion;

3. write an append-only decision event referencing
all evidence;

4. compare-and-swap the published alias from the
expected prior version to the candidate;
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5. invalidate delivery caches and open a monitoring
interval;

6. automatically restore the prior alias if post-
publication safety thresholds fail.

The compare-and-swap condition prevents two con-
current engine jobs from silently overwriting each
other’s publication decision. The monitoring interval
treats publication as reversible until sufficient opera-
tional evidence has accumulated.
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