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Abstract—Can software vendors disclose source code while
retaining a development advantage in their software facto-
ries? Using generative Al, competitors are increasingly reverse-
engineering or replicating functionality, so source secrecy offers
less protection as a ‘“moat”. Offering source access may attract
customers seeking assurance or interoperability without neces-
sarily enabling recipients to maintain or extend the software at
comparable cost. We conceptualize this as open source, closed
factory, treating disclosure as a choice of engineering artifacts
and evaluating its effects on development cost. We introduce
the factory multiplier, an end-to-end engineering cost ratio, and
propose comparing it across three task classes: replication,
modification, and evolution. We hypothesize that coding agents
will reduce the cost of replication and specified modifications,
but that evolving software under ambiguous requirements and
changing environments will remain more expensive without the
originating factory’s accumulated engineering knowledge. We
propose experiments that selectively remove engineering artifacts
from originating factories or provide them to recipients, mea-
suring how these changes affect development costs and whether
increasingly capable agents can compensate for missing artifacts.

“A company can outperform rivals only if

it can establish a difference that it can preserve”

M. Porter [1]

Index Terms—open source, software supply chain, coding
agents, reproducibility, software evolution

I. INTRODUCTION

Generative Al threatens many software companies’ busi-
ness models, which assume that it is expensive to develop
substantial applications (“moat” [2]). In 2026, an individual
engineer used coding agents to create open-source alternatives
to products from Microsoft and Adobe [3]. Even if these
alternatives are not feature complete,! they motivate us to
examine the value proposition of source code secrecy. An
existing product gives imitators a target: they can reproduce
its observable functionality [4]-[7]. Maintaining a competitive
product, however, requires continually identifying new re-
quirements and delivering acceptable changes [1]. Distributing
source code does not necessarily enable recipients to change
it at costs comparable to those of the originating organization.

We call the system supporting this ongoing development a
software factory: the engineering knowledge, tools, validation
machinery, and workflows used to turn changing require-
ments into reliable software updates [8], [9]. Whereas source
code embodies implementation decisions, factory resources
can preserve the reasons behind those decisions and the
constraints that subsequent changes must respect (the “why”

'We tried the Office ones — they seem adequate for everyday work.

TABLE 1
HYPOTHESIZED EFFECTS OF AGENTIC DEVELOPMENT ON FACTORY
ADVANTAGE. FOR TASKS DEPENDENT ON ACCUMULATED ENGINEERING
KNOWLEDGE, THE FACTORY MAY RETAIN A COST ADVANTAGE.

Task Engineering problem Hypothesis

Replication Reproduce functionality. Agents
Costs.
Agents reduce development
cost advantage.

Software factory

cost advantage.

reduce replication
Modification Implement a specified change.

Evolution ~ Resolve ambiguous require- sustains

ments & changing constraints.

behind the “what”). Table I distinguishes three engineering
tasks with different dependencies on accumulated engineering
knowledge. Replication and modification have relatively well-
defined targets, whereas evolution requires determining what
changes are needed and what constitutes an acceptable result.

This distinction motivates a posture of open source, closed
factory, where vendors may consider distributing source code
to benefit clients while reserving engineering resources that
support their development cost advantage. We treat distribution
as a choice of which factory resources to distribute, rather
than a binary choice to reveal source. We propose a research
program to measure how factory advantage varies by engi-
neering task; identify which engineering artifacts contribute to
that advantage; and determine whether their benefits transfer
to recipients. These relationships may change as recipients
reconstruct missing resources or adopt stronger agents.

We introduce the factory multiplier (§1V), a general metric
for comparing engineering costs between software factories.
We develop one experimental operationalization that accounts
for requirements interpretation, implementation, and valida-
tion. Then we propose controlled experiments (§V) to identify
the sources and transferability of factory advantage. In §VI we
interpret their outcomes.

Hypothesis. As coding agents reduce the cost of replicating
and modifying software, vendors can retain a develop-
ment cost advantage through factory resources that support
software evolution even if source is open. This advantage
increases with specification ambiguity and environmental
complexity. Its commercial value depends on the need for
continued software evolution.

This hypothesis reflects Schumpeter’s notion of creative
destruction [10]: agentic development may erode the compet-
itive value of software artifacts while increasing the relative
importance of the factories that produce and evolve them.



TABLE II
CUSTOMER OBJECTIVES AND BENEFITS OF SOURCE ACCESS.

Objective How source access helps

Security audit Inspect security-sensitive behavior against stated

requirements [15], [19].

Supplement acceptance tests by inspecting the
implementation [20].

Check code against properties and proof
assumptions.

Contractual
acceptance

Formal verification

Interoperability Resolve gaps in protocol or format documentation

by inspecting the implementation [14].
Regulatory Inspect code for evidence of regulatory
assessment conformance [21].

II. WHY DISTRIBUTE SOURCE?

If competitors can reproduce a product without its source,
withholding that code offers little competitive protection.
Investment firms are already evaluating software companies’
technical “moats” in light of inexpensive replication [11], [12],
while agent-assisted reverse engineering expands the means of
reproducing software without source access [13].

Meanwhile, customers may benefit from source access with-
out intending to maintain or extend the software themselves
(Table II). The appropriate disclosure depends on their objec-
tives. For example, specification programs document proto-
cols, file formats, and other interoperability mechanisms [14],
though they do not establish implementation conformance.
Source inspection can provide additional evidence of how
requirements are implemented and support security assur-
ance [15]-[18]. Thus, distributing source may provide cus-
tomers with assurance or interoperability benefits even when
they intend to continue to pay for the software.

III. COMMERCIAL ADVANTAGE: CLOSED FACTORY?

A retained development advantage requires resources that
improve engineering outcomes and are costly for recipients
to reconstruct or replace [1]. Divergent implementations may
also duplicate maintenance effort when fixes must be adapted
across versions, particularly if recipients lack the resources
needed to preserve compatibility.

A. Resources a Source Release May Leave Out

Software factories and product lines have long organized
reusable architectures, models, and processes into production
systems [8], [22], [23]. Agentic approaches make some of this
knowledge executable as instructions, tools, and checks [9],
[24]. Following [25], we distinguish four overlapping cate-
gories of factory resources whose contribution and transfer-
ability can be tested. These categories identify candidate re-
sources for comparison rather than assume that every resource
provides an advantage. The factory multiplier evaluates the
cost difference (§IV), while artifact comparisons investigate
which resources contribute to it (§V-C).

Engineering Knowledge: Requirements, documentation, ar-
chitectural models, and dependency graphs describe the system

TABLE III
REPORTED IMPROVEMENTS IN INDUSTRIAL AGENTIC DEVELOPMENT
ENVIRONMENTS.

Company Reported measurement Change
Spotify Pull-request frequency [33] 76% increase
Uber Cost per agent session [34] 52% decrease
Shopify Agent merge rate, increased 36% to 77% [35] 2.1x
Amazon Median deployment velocity, 50+ teams [36] 4.5%

and its obligations; structured repository representations cap-
ture control and data dependencies for context retrieval [26].
Cloudflare reports consolidating engineering guidance into a
governed corpus retrieved by agents during code and design
review [27]. Such resources may remain in internal documen-
tation systems or contain proprietary knowledge.

Agent Guidance and Tools: Repository instructions, skills,
retrieval mechanisms, and interfaces guide agents’ code navi-
gation, editing, and execution; specialized interfaces, structural
search, and fault localization support task performance and
code localization [28], [29]. Uber reports more than 3,600
engineer-created skills and over 30,000 daily executions [30].
Such resources may be maintained separately or depend on
internal tools and services.

Validation and Enforcement: Tests, static analyses, con-
formance checks, policy validators, and admission gates assess
and admit changes: models express obligations, validators
check conformance, and gates enforce results [24]. GitLab
describes a harness combining automated constraints, indepen-
dent review, and recurring maintenance [31]. Such resources
may depend on private test data, internal policies, or separately
managed review and admission systems.

Production Infrastructure: Build and deployment
pipelines, orchestration, execution environments, and work-
flows support repeatable production and evaluation through
operational resources as well as repository configuration. An-
thropic reports replacing its source control infrastructure with
Scion for growing agent workloads, while cautioning that
its specialized architecture is not a general replacement for
existing systems [32]. Such resources may depend on hosted
services, credentials, or organization-specific infrastructure
unavailable in a source distribution.

B. Reported Industrial Improvements

Table III summarizes reported improvements in agent ac-
ceptance, engineering activity, deployment velocity, and oper-
ating cost associated with investments in agentic development
environments. These heterogeneous measurements motivate
studying factory resources but are neither directly comparable
nor evidence of a lower cost per acceptable change.

Spotify reports better agent performance in standardized
codebases and describes how internal tooling provides com-
ponent context and automated feedback on engineering stan-
dards [33]. Uber and Shopify report improvements without
changing models, suggesting a contribution from the surround-
ing environment without isolating its causal effect [34], [35].



Amazon reports greater gains from changing both tools and
engineering practices than from adopting tools alone [36].
These accounts neither separate general agent capabilities
from organization specific resources nor establish what re-
cipients could reproduce from disclosed source. They also
omit some costs of constructing and maintaining the reported
factories. We therefore propose comparing the costs of acquir-
ing, reconstructing, or replacing those resources rather than
inferring a retained advantage from the reports alone.

IV. MEASURING THE FACTORY MULTIPLIER

We propose the factory multiplier, M, to quantify the
engineering cost advantage a vendor retains after distributing
source code and selected supporting artifacts. It compares the
recipient’s cost of achieving acceptable outcomes with the
vendor’s cost using its originating software factory. Different
operationalizations accommodate different engineering tasks
and available measurements.

A. Abstract Metric

Factory multiplier. The factory multiplier A/ measures the
relative engineering cost of achieving acceptable software
changes in two factories. For a software factory F, let
K (F) denote the engineering cost of achieving acceptable
outcomes on comparable tasks under independent accep-
tance criteria (smaller is better). Then:

K<Frecipient)

K(Fvcndor) .
Values M > 1 indicate a substantial vendor advantage,
M = 1 indicates comparable costs, and M < 1 indicates
a substantial recipient advantage.

M = (1

This definition is independent of how engineering costs
are measured, e.g., the distinct metrics in Table III. For
experimental design, one operationalization follows.

B. Operationalization for Controlled Experiment

We operationalize the multiplier using matched modifica-
tion and evolution tasks 7" (Table I), comparing vendor and
recipient costs under common budgets and acceptance criteria.
Replication is evaluated separately.

Task budgets and scores Each task ¢ € T receives a
budget B; > 0 and importance weight w; > 0, fixed before
evaluation and shared across environments; unused budgets
cannot transfer between tasks. Its score sg(t) is expenditure
through acceptable completion, or the full budget B; if it
does not complete within budget. The latter is a penalty score
regardless of actual expenditure, not an estimate of eventual
completion cost.

Factory multiplier For sp(t) > 0, the paired ratio
my(F,D) = sp(t)/sp(t) compares task scores between
environments. The factory multiplier is their weighted average:

M(F7D) _ ZtET wtmt(Fa D) ) (2)

Dter Wt

Values above one indicate higher weighted task scores in the
recipient environment. The multiplier averages task-level ratios
rather than comparing total expenditures. A zero originating
score leaves the multiplier undefined.

Artifact contribution To measure the contribution of ar-
tifact family k, we compare the original factory against its
ablated counterpart F_j:

Ay = M(F,F_y), (3)

Values above one indicate higher weighted task scores after
removing the artifact family.

V. EXPERIMENTS

We propose four complementary experiments to evaluate
replication, modification, evolution, and the contributions of
factory artifacts. Recall Table I distinguishes these task classes.

A. Experimental Setup

Task selection and budgets Tasks, budgets, and importance
weights would be specified before trials using originating
factory valuations, external criteria, or independent evaluation.
Budgets and weights could vary independently across tasks
but would match between environments, with the same total
budget ), B; and no transfers between tasks.

Controlled comparison Environments F' and D would
share the software snapshot, tasks, weights, and acceptance
obligations, differing only in engineering resources. Modifi-
cation tasks would specify changes, whereas evolution tasks
would introduce specification ambiguity through unresolved
requirements or constraints. Both environments would receive
identical initial information and a common clarification pro-
cedure, with discovery and clarification included in evalu-
ated work. Independent acceptance would preserve obligations
when internal validators are removed.

Cost accounting Expenditure includes human labor (e.g.,
engineering hours), agent execution (e.g., token usage), in-
frastructure, and attributable setup, reconstruction, and upkeep.
Costs are allocated over a stated horizon and charged against
task budgets. Elapsed time and resource consumption are
reported separately.

B. Task-Based Experiments

We propose three experiments corresponding to the task
classes in Table 1.

Replication experiments test whether coding agents reduce
the cost of reproducing specified observable behavior without
source, using common behavioral targets and agent baselines.
Replication is evaluated separately from the factory multiplier.

Modification experiments compare factories on identical,
specified changes under independent acceptance criteria. The
factory multiplier (Eq. 2) measures relative engineering costs.

Evolution experiments test whether factory advantage
increases with specification ambiguity. Tasks vary in initially



TABLE IV
COMMERCIAL SIGNIFICANCE OF FACTORY ADVANTAGE UNDER
INEXPENSIVE FUNCTIONAL REPLICATION, MAPPED TO THE TASK CLASSES

IN TABLE 1.
Task Small advantage Large advantage
Replication Replication pressure (outside M)
Modification Cost competition Maintenance advantage
Evolution Cost competition Competitive differentiation

unresolved requirements and constraints, while paired fac-
tories share initial information and stakeholder clarification
procedures. We measure the costs of requirements discovery,
uncertainty resolution, and acceptable changes, reporting task
scores and completion outcomes separately.

Datasets Some existing benchmarks offer relevant tasks:
Behavior2Code provides black-box reconstruction tasks for
replication experiments [4], while SWE-INTERACT provides
interactive tasks with progressively revealed requirements for
evolution experiments [37]. We would adapt these benchmarks
to compare factory resources and degrees of specification
under common tasks and acceptance criteria.

C. Artifact Ablation Experiments

We propose two complementary interventions to measure
the contributions and transferability of factory resources:

« Factory ablation. Remove artifact family k£ while holding
tasks, budgets, weights, and acceptance criteria fixed.

« Recipient addition. Compare environments before and
after receiving an artifact family; test selected combinations
to identify interactions among resources.

We would initially hold agent capability fixed, then vary
agent configurations and engineering budgets to test whether
they compensate for missing factory knowledge. Process-
centric trajectory analysis, such as Graphectory [38], could
help explain how artifact ablations change agent behavior.

VI. INTERPRETING THE FACTORY MULTIPLIER

The multiplier distinguishes vendor advantage, comparable
scores, and recipient advantage. Because it averages weighted
task-score ratios rather than total expenditure, interpretation
requires completion outcomes. Mutual noncompletion yields
a task ratio of one without establishing equivalent capability.

Retained factory advantage ()M/ > 1) Higher recipient
scores indicate an originating advantage under the evalu-
ation rules, not proof that withheld artifacts caused it or
that disclosure is commercially preferable. Where replication
is inexpensive, such results motivate investigating whether
broader source distribution preserves development advantage.
Artifact comparisons would test which resources contribute,
while completion outcomes would distinguish expenditure
differences from noncompletion.

Comparable scores (/M =~ 1) Comparability requires a
stated tolerance and uncertainty, with successful completion
distinguished from equal budget scores. Parity may reflect suf-
ficient distributed resources, factory reverse engineering [39],

or acquired development machinery [9], [40]. Reconstruction,
integration, upkeep, and operating costs must be included
before interpreting these routes as economical substitutes.

Recipient advantage ()M < 1) Lower recipient scores may
reflect stronger agents, better tools, or removal of obsolete
guidance, but these explanations require controlled compar-
isons. Relaxed obligations, omitted expenditure, and differing
completion outcomes must be excluded as explanations before
claiming superior development capability.

Across regimes, results may change as recipients learn,
factories evolve, and reconstruction costs are amortized. Where
replication is inexpensive, Table IV relates these outcomes
to demand for modification and evolution. Attributable secu-
rity analysis and remediation enter expenditure, but licensing
rights, other security consequences, and overall commercial
value remain separate. No multiplier value alone justifies
releasing or withholding source.

VII. FUTURE PLANS

The experiments in §V provide the foundation for a research
program addressing three questions. After that:

How does factory advantage vary by task? We will com-
pare modification and evolution across domains with different
knowledge and validation requirements, varying the degree
of specification as proposed in §V. Separate replication trials
will assess the premise that observable functionality can be
reproduced economically, distinguishing replication pressure
from an advantage in maintaining and extending software.

Which factory artifacts contribute to advantage? Factory
ablation will examine documentation, tests, agent instructions,
engineering models, and validation controls, including selected
interactions. Repository context retrieval and analysis assisted
agents motivate these comparisons [26], [29]. The pilot will
test whether independent acceptance remains consistent when
internal validation resources are removed.

Can recipients acquire equivalent capabilities? Recipi-
ent addition will test whether resources valuable within the
originating factory also reduce recipient costs. Recipients will
then reconstruct missing resources from source, history, and
observed behavior [39], or use stronger agents. We will vary
models and harnesses separately [28] to distinguish substitu-
tion for missing resources from better use of available ones.
Repeated matched evaluations will track whether advantages
persist as recipients learn and factory snapshots age, account-
ing for reconstruction and upkeep over a stated horizon.

Across these studies, reporting will pair task scores with ex-
penditure, completion coverage, and uncertainty, distinguish-
ing budget exhaustion from failed acceptance. Recipient parity,
recipient advantage, and harmful artifact effects will constrain
claims about retained resources. The intended result is evi-
dence about when source disclosure preserves development
advantage; commercial value remains a separate question.



VIII. CONCLUSION

In open source, closed factory, vendors may disclose source
code while retaining an advantage in software evolution. To
quantify this advantage, we introduce the factory multiplier
and an empirical research program. If substantiated, our hy-
pothesis would indicate that competitive advantage in software
engineering is shifting from possession of the product to
possession of the means of production.
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