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Abstract - The rise of community-governed Infrastructure-as-Code (1aC) forks such as OpenTofu reflects growing concerns
over trust, transparency, and sustainability in cloud automation ecosystems. OpenTofu offers a vendor-neutral, openly
governed alternative in reaction to Terraform's licensing change, but its continued existence depends on Terraform-state
compatibility, that is, the ability to understand, transfer, and update the infrastructure that is already running in different
backends. This paper examines OpenTofu's governance framework and its strategy for dealing with state through a
combination of literature review, specification and design analysis, and a case study migration. The study investigates
OpenTofu's governance model, decision-making dynamics, and community resilience and, at the same time, looks into
technical aspects such as state file formats, backend interoperability, and migration tooling. The outcomes are summarized in
a compatibility matrix that outlines performance envelopes, migration risks, and operational divergences. Their findings point
to OpenTofu's governance capabilities being strong in terms of openness and transparency whereas the challenge of decision
velocity and the cohesion of the ecosystem being among the issues of the governance. The compatibility tests show that there is
a good match for most of the core use cases but there is also the possibility that the situations in which the state changes are
complex or nested will be fragile. The article offers a governance evaluation framework, a compatibility assessment matrix,
and a migration playbook as its main contributions to the field, thus helping the practitioners to find a trustworthy and
environmentally friendly way to switch from Terraform to OpenTofu.
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1. Introduction
1.1. Context and Background

Over the last ten years, Infrastructure as Code (1aC) has fundamentally changed the way that companies set up, deploy,
and manage their cloud infrastructure. By using declarative code to represent the infrastructure configuration, laC tools like
Terraform, Ansible, and Pulumi have made it possible to reproduce, scale, and audit configurations to a very high degree.
Moreover, the integration of laC-related procedures with the software engineering workflows has given the DevOps teams the
capability to handle different environments through version control, automated testing, and continuous delivery.

As a matter of fact, the question of governance internally in organizations as well as in the open-source toolshas become
quite a significant aspect of the sustainability of the 1aC adoption since the maturity of the latter. Governance is about the way
the tools change, the people who decide, and the manner in which the community's views are taken into account. The
governance, which is the management of the tooling that ensures the functioning of the systems, is even more crucial as the
particular systems become inseparable from operational trust.

Decision of HashiCorp to put Terraform under the Business Source License (BSL) has brought to the fore the issue of
governance of the community of users, who are vendor-neutral in the long run. Consequently, a group of open-source
developers launched OpenTofu, an open-source fork under the Linux Foundation, with the primary goal of keeping the door
open for Terraform and provision infrastructure automation as a public good. OpenTofu's inception was far beyond a mere
technical fork; rather, it was a shift of governance, transparency, and control back to the community in the laC ecosystem.

Such cases as OpenTofu can be interpreted as a struggle of the community between the three forces: innovation,
community autonomy, and sustainability, that has existed since very long. Although the act of forking may be instrumental in
safeguarding the openness and the independence of the users, it may at the same time disintegrate the ecosystems and thus the
governance of the communities and their compatibility may be put to a test. Hence, in the case of infrastructure tooling, where
the ongoing state and the reproducibility are of utmost importance, such forks have to attain both the technical equivalence and
the trustworthy governance in order to be regarded as feasible alternatives.
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1.2. Challenges

The OpenTofu appearance has puzzled the company with a complex set of problems in the technical, operational, and
social spheres. One of the most significant issues is the fragmentation of the ecological system. One of the strengths of
Terraform is the extensive ecosystem of providers, modules, and its public registry, which together constitute the binding agent
for the workflows of thousands of the cloud. A fork that moves away from these ecosystems risks losing compatibility or
double the effort. Thus, it is OpenTofu’s imperative to maintain compatibility with existing providers and registries, at the
same time encouraging new community contributions.

Another big question is about the state and workflow compatibility. A state file of Terraform is like a nuclear power plant
for the whole operation of deployed infrastructure and it shows the mapping of real-world resources to the configuration
declarations. Even minute differences in the way a fork understands or saves this state may cause deployment inconsistencies,
plan/apply misalignments, or environmental drift in production. Therefore, it is very important to ensure compatibility back
and forth (between state formats and plan/apply semantics). Migration between systems using the same declarative language
(HCL) may still be unsuccessful if they differ in subtle operational logic, backend integrations, or drift detection algorithms.

Enterprises have to deal with extra governance and compliance requirements, which makes such migrations less
straightforward. Infrastructure platforms are, in fact, the means to business continuity, regulatory compliance, and auditability.
Hence, in a great number of cases, organizations where stability, traceability, and vendor support are more important are of
rapid innovation. The move to OpenTofu, as a matter of openness, may still be a bit puzzling: Who assures the reliability? How
are issues escalated and dealt with? What is the model of long-term financing and upkeep? These concerns reveal not only
technical dependencies but also the institutional trust enterprises require before they can confidently go for open alternatives.

Besides that, l1aC is a sociotechnical concept that includes community processes, contributor incentives, and governance
norms which altogether affect the software's future. The survival of open-source is conditioned by the participation being
continuous, the decision-making being transparent, and the recognition being fair. OpenTofu’s ability to retain contributor
engagement, avert governance capture, and facilitate decision-making by all will determine its existence as a community-led
alternative in the long run.

1.3. Problem Statement
Given this scenario, the first thing we might do is come up with a couple of essential research questions:
e Governance Perspective: How the governance model of OpenTofu, its institutional affiliation, decision structure, and
contributor ecosystem, influence community trust, roadmap stability, and vendor neutrality in the laC landscape?
e Technical Perspective: How far is OpenTofu compatible with current Terraform states, backends, and operational
workflows, and what risks or points of friction arise during the migration process?

These questions emphasize the interplay between governance and technical continuity: On the one hand, OpenTofu as a
viable alternative depends not only on its social legitimacy but also on its engineering fidelity. Big organizations that are
planning to make a move have to find out not only if it works, but also if it will last.

Hence, there is a third, more pragmatic question that comes after: What are the migration control points - the levers
through which enterprises can confirm compatibility, test state integrity, and reduce risk during the transition? Identifying these
control points is really important in facilitating the development of a practical, low-risk migration plan.

1.4. Motivation and Objectives

The incentive of this study is to profoundly understand and effectively respond to a growing concern about the
dependency of a toolchain and the phenomenon of lock-in in the field of infrastructure automation, which has been a major
challenge for several years. As 1aC is going to be at the center of multi-cloud operations, the risk that the whole system will be
affected is created by the dependence on one single vendor-controlled tool. OpenTofu is a way back to the community, but its
success depends on the thorough, evidence-based evaluation of its governance and technical continuity.

Hence, this paper aims to provide an evaluation lens for governance as well as a practical guide for compatibility assessment
and migration. The particular goals are to:
e map and scrutinize the OpenTofu governance model, the structure of the foundation, decision mechanisms, and
transparency practices;
e assess Terraform-state compatibility, including file formats, backend interoperability, and operational semantics;
e through a case study migration, demonstrate practical implications, performance metrics, and potential pitfalls to
validate the findings;
e  create suggestions as well as best practice guidelines for companies that want to implement OpenTofu in a safe and
efficient way.
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The joint research carried out by both parties through this dialectical analysis contributes to the discussion of open-source
sustainability and trust in cloud automation ecosystems. By bridging governance theory with empirical compatibility
evaluation, the paper is intended to be a comprehensive framework of how OpenTofu not only redefines the technical but also
the institutional aspects of Infrastructure as Code.

2. Literature Review
2.1. Governance Models in Open Source

The sustainability, legitimacy, and innovation of open-source software (OSS) projects have been significantly influenced
by their governance for quite some time. Generally, the governance models can be seen as a continuum with one end depicting
stewardship by a foundation and the other showing management led by a corporation. Unlike corporate-led governance which
is dominated by a single vendor and which has the tendency to alienate and discourage other community actors, foundation
modelsexemplified by the Linux Foundation, Apache Software Foundation, or CNCFare characterized by the key features of
being neutral, transparent and community-owned. Central corporate-led stewardship, on the other hand, consolidates decision-
making power within the progenitor company thus, a development mode which is likely to be viewed as benefitting the
velocity of development but, from the other side, it results in loss of trust and inclusiveness of the ecosystem by outsiders.

Decision-making is also characterized by differences within these structures. Open-source ecosystems of high maturity
levels have implemented RFCs, TSCs, and community voting as mechanisms to handle proposals, ensure compliance, and
direct the roadmap. Kubernetes, for instance, utilizes a steering committee and SIG (Special Interest Group) model to share
power, whereas Linux kernel governance leans largely on a meritocratic hierarchy based on contributor reputation.
Meritocracy provides for technical authority, however, representative governance whereby stakeholders formally elect
maintainers or board members could better mirror the diversity of the ecosystem. Each of the models represents a compromise
between, on the one hand, the virtues of an agile approach and, on the other hand, the need for inclusivity and accountability.

One way to empirically assess these issues is to refer to literature (e.g., O’Mahony & Ferraro, 2007; Aberdour, 2020), that
has examined the openness of decision structures as a factor contributing to the retention of contributors and the resilience of
the ecosystem. On the other hand, an opaque or highly centralized mode of control can lead to a rapid initial innovation but it
will gradually result in the erosion of long-term participation. In this situation, the establishment of a governance framework
that is representative and foundation-based is one of the key distinguishing features by which OpenTofu can be separated from
a vendor-owned lineage such as Terra form and also it signals an intentional move of the project to be governed in a neutral
manner and thus avoid commercial capture.

2.2. laC Ecosystem Landscape

Infrastructure as Code ecosystems are not merely software platforms but function as two-sided marketplaces that connect
tool developers (providers, module authors) and users (operators, DevOps engineers). In this context, Terra form services
provider and module registries have become a model for this newly created market where the provider ecosystem is the supply
sideinteracting with the APIs of public clouds, SaaS services, and on-premise systems while the module ecosystem is the
demand side, wrapping up the reusable infrastructure logic.

These registries have evolved into network effect engines: the more providers are published, the platform’s utility to users
increases, and the more modules are published for the platform, the more exposure provider developers get. This
interconnectedness thus elevates the risk of fragmentation in case of governance or licensing disruptions. A competing registry
(such as OpenTofu) not only has to replicate the technical compatibility but also the reputation systems, namespace
conventions, and publishing workflows to keep the trust and the continuity intact.

On top of that, semantic versioning and dependency pinning are examples of other significant structural aspects. Both
modules and providers specify that their version constraints are in order for the builds to be deterministic. At the same time,
forks bring up the problem of dependency resolution modules written for Terraform may not consider Open Tofu as a
compatible platform even if it is functionally the same. Over time, this can result in “ecosystem drift,” in which the community
tooling turns out to be different though the source is the same.

The theoretical support for platform ecosystems (Tiwana, 2014) points out that governance stability directly influences
third-party developers’ engagement. When regulations or ownership models change abruptly, developer involvement is
reduced. Hence, the triumph of Open Tofu depends not only on its technical precision but also on the ecosystem governance
continuity which is the core reason why providers, modules, and registries are interoperable under a stable institutional
framework.

2.3. State and Compatibility in 1aC Tools

In Infrastructure as Code (1aC) setups, "state" refers to the main file that keeps track of the real-world infrastructure which
is managed through declarative configuration. Basically, it is the file that stores resource identifiers, attributes, and
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dependencies; thus, it allows the tool to figure out the changes (often called “plans”) and update the infrastructure
incrementally and in a safe manner. This is why state handling is at the heart of laC trustworthiness.

Version and fork compatibility, i.e., compatibility between versions or across forks, depend on schema consistency,
behavioral invariants, and migration tooling being maintained. When the schema changes (e.g., provider resource attributes
change), tooling needs to run transformations that are aware of the version in order to keep referential integrity. Some of the
methods are explicit migration steps, importers, and compatibility layers that convert old format data into new schema data.
The mechanisms that are similar to these and are implemented by both Pulumi and Cloud Formation are the following: Pulumi
keeps states as JSON snapshots with versioned metadata, and Cloud Formation handles declarative stacks with rollback and
drift-detection features.

Terra form state architecture is designed in such a way that it can both a locally and remotely store states through various
back ends (e.g. S3, GCS, Azure Blob) of which it must be balanced. i.e Each backend brings in more metadata, locking
semantics, and access control, and all of these items have to be either replicated or supported to allow for full interoperability.
So, the "drop-in state compatibility” that Open Tofu refers to is not limited to just file parsing, but rather it is an attempt to also
be able to replicate the locking behavior, backend plugins, and drift reconciliation in order to be at ease with one another
without faint, but very important, differences.

The literature, tool, and community around infrastructure automation has been very vocal about how complex the
transitions are. Divergence, even on a tiny scale, in serialization format or concurrency model can result in error escalation in
an environment of production. Various papers and industry articles present the same notion (e.g., Wiedemann, 2022; Liu et al.,
2023) that backward-compatible schema evolution for declarative infrastructure tools is the toughest issue they face. Not only
does it require the formats to be equivalent but also the semantics to be the same, i.e., if identical state definitions are used, the
resulting infrastructure should be the same in all the systems.

3. Proposed Methodology
3.1. Research Questions
This study is structured around three primary research questions that bridge governance theory and technical evaluation within
the Infrastructure-as-Code (IaC) domain:
¢ RQ1: Which governance characteristics promote impartiality, durability, and openness in open-source infrastructure
projects?
The present inquiry considers the impact of the governance structure of OpenTofu-social, political, and cultural
aspects, decision-making, and contributors' relations, on a project's stability over time and on trust.
o RQ2: What are the realistic limits of OpenTofu’s compatibility with Terraform in terms of state files, providers, and
backends?
This involves mainly the determination of technical accuracy and the specification of those operation boundaries
where OpenTofu still performs as a complete functional equivalent of Terraform.
¢ RQ3: Which migration patterns help in reducing risk and cost while switching from Terraform to OpenTofu?
The main focus of this question is to explore the safe and step-wise strategies along with the necessary procedural
safeguards that would facilitate a reliable, compliant, and high-performance enterprise-scale adoption without any
compromises.

Together, these questions define a dual analytical lens organizational and technical through which OpenTofu’s maturity
and operational reliability can be assessed.

3.2. Analytical Framework

The study uses a three-layered analytical framework that combines governance analysis, compatibility assessment, and
migration risk evaluation. The three layers are distinct but also complement each other and together they provide a deeper
understanding of OpenTofu’s sustainability and operational integrity.

3.2.1. Governance Analysis
Governance is the top layer of examination that looks at how OpenTofu’s board structure features qualities of transparency,
impartiality, and community participation. Besides the project’s own data, the analysis is based on:
e Linux Foundation and OpenTofu project charter as well as policy documents that describe the scope of the project,
types of members, and decision-making processes.
o Decision logs and release notes, which serve as a record for the flow of technical proposals, RFCs, and steering
committee resolutions.
e Contributor distribution analysis, an exercise that looks at metrics such as commit volume per organization,
geographic diversity, and contributor retention rates.
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e Release cadence and security response processes, evaluated as governance efficiency and operational responsiveness
indicators.

Technical
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Figure 1. Linux Foundation Governance and Operational Framework

All these are combined into a single governance property matrix that looks at various facets of openness (for instance, are
decisions publicly visible), continuity (successor and roadmap stability), and accountability (formal escalation and conflict
resolution mechanisms). The major ambition is to unearth those governance traits that not only have a very high degree of
neutrality and sustainability but also the ones that structurally entail the risk of, for instance, the concentration of control or
dependence on a small maintainer core.

3.2.2. Compatibility Analysis

The study's technical core is a detailed comparison of OpenTofu—Terraform compatibility on three levels: state representation,
provider behavior, and backend interoperability. The research is performed by means of a detailed specification and functional
comparison framework:

e  Specification Comparison: An in-depth look into Terraform and OpenTofu state schema definitions, CLI manual, and
backend configuration code. Variations between the two are recorded per category (for instance, schema versioning,
JSON metadata, dependency resolution).

e CLI Parity Mapping: Functional parity tests are conducted across equivalent commands (init, plan, apply, refresh,
state, and import) to detect behavioral divergence.

e State Schema Inspection: State files are generated and serialized under both systems using controlled test
environments to identify structural or semantic diffs.

e Backend Feature Tests: OpenTofu and Terraform have been set up with a representative set of backends that include
Amazon S3, Google Cloud Storage (GCS), AzureRM, and remote services (e.g., Terraform Cloud emulation). Lock
acquisition, concurrent writes, encryption handling, and version retention behavior are all captured by the tests.

e Provider and Lock-File Verification: Provider registries and lock files (.terraform.lock.hcl) are analyzed for
compatibility in naming conventions, version resolution, and checksum integrity.

As a result, they populate a compatibility envelope, a map of operations and configurations that can be fully compatible,
partially compatible, or incompatible. This framework also locates those "edge cases" that have the highest probability of
causing migration failures and thus, helping to devise practical risk mitigations.

3.2.3. Risk Assessment
A structured risk assessment matrix is created to reflect the findings of governance and compatibility. It identifies the potential
failure modes and, for each of them, it quantifies severity and likelihood along three axes:
e Differences in state schema, for example, changes in serialization keys or attribute types.
e Provider behavior deviations, e.g., lifecycle actions, timeout defaults, or drift reconciliation logic.
e Backend edge cases, e.g., concurrent locking anomalies or missing features (e.g., DynamoDB-based lock
management).

Each vector is analyzed for its possible operational impact (data loss, deployment failure, configuration drift) and a

mitigation strategy is assigned to it. Such a structured risk mapping enables enterprises to locate the risks of migration and
have them under control by means of targeted validation or staged rollouts.
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3.3. Evaluation Artifacts

Empirical validation relies on test artifacts and datasets that can be reproduced and are designed to be both representative

and reproducible.

e Testing Matrix: A cross-product matrix of providers (AWS, Azure, GCP, local) and backends (S3, GCS, AzureRM,
local, remote) forms the basis for the evaluation. In each combination, a consistent sequence of plan, apply, destroy,
and state inspection is performed.

e Synthetic Infrastructure Stacks: Three types of deterministic infrastructure templatesnetworking, compute, and
identity & access management (IAM)are developed to produce predictable and comparable state schemas for both
tools.

Measurement Metrics: The main performance and correctness metrics are:
e Plan and apply diffs (semantic equivalence of the proposed actions).
State read/write success rates (serialization integrity).
Drift detection parity (correctness of the identification of resource divergence).
Rollback capability (the ability to revert failed deployments).
Performance and error rates (execution time, retries, and failure frequency).

All the experiments are carried out under controlled version conditions (Terraform >1.6, OpenTofu >1.7) with provider
versions fixed in order to remove external drift. The findings are pooled to create an empirical compatibility profile and to
measure migration effort.

3.4. Validity and Limitations

Just like with any other comparative empirical analysis, this study is based on several assumptions and limitations. In an
ever-changing world, the versions of tools, provider APIs, and backend functionalities are constantly updated; hence, the
results should be considered as a temporal snapshot and not as an absolute benchmark. The implementations of the providers
may also have some hidden constraints that affect the compatibility outcomes.

Moreover, while synthetic stacks are good for repeatability, they still lack the full complexity of production-scale
enterprise environments where there may be custom modules, conditional logic, or organizational policy layers that could
increase the migration risks.

Some of the validity issues comprise bias in stack selection, incomplete feature coverage, and environmental artifacts such
as network latency or API throttling. Hence, the generalizability is limited to Terra form-compatible ecosystems that use
mainstream providers and back ends. Nevertheless, the methodological rigor controlled experiments, transparent data
collection, and reproducible artifacts enhances the analytical robustness and serves as a solid basis for future longitudinal or
large-scale replication studies.

Such a methodology opens up a way to fully evaluate OpenTofu's twin goals: governance neutrality and technical
continuity. By combining governance analysis with structured compatibility testing, the study moves beyond organizational
theory and empirical engineering evaluation thus, making both an academic contribution and a practical migration reference
for the 1aC community.

4. Case Study
4.1. Organization Profile

The subject organization, hereafter called "AcmeCloud”, is a mid-sized worldwide aSoftware-as-a-Service (SaaS)
company that sells its services to customers in the continents America (North), Europe, and Asia-Pacific. The corporation has a
multi-cloud infrastructure spread that it uses AWS, Azure, and Google Cloud Platform (GCP) for different functional domains
whereby it runs compute workloads on AWS, data analytics pipelines on GCP, and identity management on Azure. Being a
compliance-driven company certified under SOC 2 Type Il and 1SO 27001, AcmeCloud insists on having very strict
infrastructure change controls, audit logging, and configuration baselining done through Infrastructure as Code (laC).

When the study was conducted, the organization’s IaC estate was made up of more than 180 reusable modules that
covered around 50 providers and 12 different environments (dev, staging, production, and regional sandboxes). Their 1aC
process was based on Terra form v1.5.x, and they used a combination of remote S3 and AzureRM back ends for state
management. The CI/CD pipelines used GitLab CI, and they were set up to run automated plans and apply stages that would
have a mandatory peer review and drift detection scans. Terra form’s lock files and custom module registries were the main
factors in ensuring that builds were deterministic and that the internal change-management policies were adhered to.
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4.2. Migration Goals and Constraints
After HashiCorp changed the license of the products in 2023, AcmeCloud’s governance and platform teams looked to
OpenTofu as a possible alternative to keep long-term neutrality and steer clear of licensing uncertainties. The migration
initiative was presented with the help of the four main goals:
e Zero Downtime: No interruptions of services or resource recreations during the migration process.
e Audit Continuity: Full traceability of 1aC changes, state histories, and plan diffs to maintain SOC 2 and ISO audit
readiness.
o Minimal Developer Retraining: The transition should retain Terraform’s familiar CLI, HCL syntax, and workflow
semantics so that the developers’ cognitive overhead is kept at a minimum.
e  Security Approvals: The migration has to get through internal security architecture reviews, such as key management,
state encryption, and identity access controls.

Success criteria were established as: (a) identical resource inventories before and after migration, (b) bitwise identical plan
outputs between Terraform and OpenTofu, (c) no state corruption or data loss, and (d) retention of service-level objectives
(SLOs) related to deployment latency and error rates. These criteria served as a guarantee that the migration could be
accounted for from operational and compliance perspectives.

4.3. Migration Planning

The transition was preceded by a very detailed and comprehensive planning phase, which mainly dealt with the inventory,
risk classification, and pilot design. In their first step, the 1aC team has gone through the thorough examination of the full
inventory of all Terraform states, modules, and providers. Every single one was determined to be either a critical (production
systems, identity layers, or shared networking) or a peripheral (sandbox, dev/test workloads) component. Dependency
relationships were mapped through Terraform graph exports in order to get the dependencies between the modules and the
state references.

After that, a pilot environment was decided-a staging environment of medium complexity that was managing shared
VPCs, IAM roles, and EC2-based workloads. This setup was complex enough to test provider interoperability and, at the same
time, it was offering a safety rollback option.

The team outlined "environmental guardrails™ as follows:
o During the pilot, a feature freeze was implemented to avoid concurrent infrastructure changes.
o A parallel plan comparison workflow was established Terra form and Open Tofu performed the same configurations
in different branches, and their plan diffs were automatically compared by a custom JSON comparator.
e Access control and state backend credentials were duplicated to maintain the same authentication paths.

They also developed a comprehensive migration playbook to harmonize the procedures in various environments, thus
becoming the standard for the subsequent enterprise rollout.

4.4. Execution Steps
4.4.1. Tooling Readiness

The operations group has rolled out Open Tofu v1.7.0 on all CI runners as well as local developer workstations. Version
pinning was carried out through .tool-versions and lock files to ensure that the whole process could be repeated exactly. The
internal module and provider registries were copied to local repositories to make sure that the builds were completely
independent of any changes in the upstream.

4.4.2. State Strategy

Every state file had its own remote backends backed up (S3 and AzureRM) with versioning snapshots and encryption
verification before the execution of any files. Confirmation that OpenTofu could obtain and release state locks in the same way
as Terraform was made by checking backend credentials and lock configurations.

4.4.3. Parity Checks

Each module had the team performing parallel plan operations under Terraform and OpenTofu. Outputs were logged and
checked for semantic equivalence, which means that cosmetic diffs such as provider hash ordering were disregarded. The very
first tries revealed 98.7% parity with the discrepancies mostly being associated with provider-specific metadata and timestamp
serialization.

4.4.4. Canary Apply

Canary deployment was performed in a non-production environment, where OpenTofu made changes to verify state
integrity. The final state was brought back into Terraform to confirm that the changes could be undone. Resource checks were
done through AWS Config and Azure Resource Graph to make sure that no resources were left orphaned or recreated.
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4.4.5. Gradual Rollout

After the canary had been validated successfully, the migration strategy based on waves was put into effect one by one the
environments of staging, pre-production, and production were transitioned. Refactoring was done to the CI/CD templates to
change the terraform commands to tofu aliases and developer communication sessions were held to developers of the new
workflows. Rollback points were set up after each wave so that recovery points could be saved.

4.5. Observations

Over all the test cycles, plan parity was on average at 99.2%, and the leftover differences were mainly due to the behavior
of third-party providersspecifically timeouts and tagging policies in AWS and AzureRM providers. State read/write operations
were at full agreement, and backend locking mechanisms were of the same nature under concurrent apply scenarios. The speed
of OpenTofu was noticed to be slightly better (3-5%) in remote backend operations due to optimized serialization. The number
of errors was also statistically equal between the two tools.

Developer feedback was predominantly positive: developers liked the almost the same CLI experience and the nice
verbosity of OpenTofu's plan output. On the other hand, a couple of developers pointed out that there are differences in the
documentation and examples between OpenTofu and Terraform, which has a very extensive ecosystem. From a governance
point of view, the communication with the OpenTofu maintainers was very efficient - the issues posted on GitHub about state
import warnings were responded to within 24 hours, and the solutions for the fixes were in the next patches. The openness of
the governance communication and the public decision logs strengthened the trust of the users in the project's management.

4.6. Risk Management and Rollback

A formal decision log documented in detail all the governance and technical actions related to the migration, thus, linking
the change requests to the audit trails. The system had clearly defined escape hatches: if the parity fell below 95% or if a
critical drift was detected, it would revert to Terraform using the backed-up state snapshots.

A detailed runbook for restoring the state had the outlined steps for backend reassignment, resource verification, and drift
reconciliation. In reality, rollback was never needed during the pilot, but the fact that it existed was very important for support
staff compliance auditors and risk officers.

The key residual risks outlined were:
o Drift over time in provider registry compatibility due to OpenTofu and Terraform evolving separately.
e  Possibility of community modules fragmenting without the dual validation feature.
e The necessity of ongoing governance transparency to maintain the organizational trust in the fork’s roadmap.

By and large, the migration was successful as defined by the criteria there was no downtime, no resource churn, and the
full audit trail was traceable. The pilot has become a pattern, validated, and ready for the rollout to the wider enterprise, thus, it
has been demonstrated that OpenTofu can be a drop-in, governance-neutral alternative for organizations that are looking for
laC continuity that is sustainable.

5. Results and Discussion
5.1. Governance Findings

The OpenTofu governance analysis shows a mature and transparent model, with the foundation as the neutral base rather
than a vendor-controlled one. The Linux Foundation, as the steward of OpenTofu, has ensured that the decision-making
processes, e.g., proposal reviews, voting, and technical steering committee operations, are well documented and open for
everyone to see. This publicity has resulted in strong signals of transparency which in turn have made it possible for
contributors and adopters to not only verify the codebase but also the logic of the technical and strategic decisions from the
side of the project.

One of the biggest strengths is contributor diversity. The project telemetry (commit history and issue participation) during
the first couple of months of the project reveals that contributions are spread among independent engineers, cloud vendors, and
consultancies. This diversity has both reduced the “capture” risk and supports the balanced representation of governance
debates. The maturity of the governance process of the OpenTofu project, among other things, is shown by the use of an RFC
workflow and the presence of a clearly defined governance release allowing the project to evolve on a predictable basis.
Moreover, the transparency of the funding which is carried out through the Linux Foundation’s open financial reporting gives
even more confidence to the users coming from the enterprise world and who are looking for the project’s sustainability in the
long run.

Yet, there are still some risks left unaddressed. While the project is structurally open, OpenTofu is quite dependent on

shared registries and provider compatibility that still rely on Terraform’s legacy ecosystem. In that way, there are single-point
dependencies outside of control that the project cannot directly manage. They have set up a community to work on independent
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mirrors, but the ecosystem replication is still incomplete. Apart from that, contributor analysis also pointed to bus factor
hotspots. There is a very small group of maintainers that have a lot of deep knowledge of core subsystems such as backend
integration and state serialization. So, in order to decrease fragility, they need to keep growing the contributor onboarding
process and documentation. Lastly, the release governance process, although transparent, is still relatively young. Even if the
rhythm of releases (about quarterly) has been stable, the long-term security of versioning and backward-compatibility that will
allow the project to scale will need to be continually checked.

5.2. Compatibility Findings

OpenTofu is technically almost at par with Terraform along dimensions of state, provider, and workflow as shown by
empirical tests. State compatibility experiments verified that read/write operations were accurate for all remote backends like
AWS 83, GCS, AzureRM, and local disk. Lock and lease operations were very close to each other: OpenTofu’s state locking
via DynamoDB and Azure Table was similar to Terraform’s in all respects including conflict detection during concurrent apply
operations. Drift detection matching was also at 100% for synthetic stacks, as both tools indicated the same differences
between declared and deployed resources.

OpenTofu for providers and modules did what was needed for Terraform providers to be used as is without changes.
Version resolution via lock files (.terraform.lock.hcl) was the same thus enabling deterministic builds. But just a few
discrepancies were there for registry interoperability, particularly for private module registries with the custom authentication
method. These border situations had to be manually mirrored by providers. Some edge-case modules, especially those with
deprecated provider syntax or unconventional interpolation patterns, resulted in warnings instead of fatal errors, but this
behavior needed additional checking.

The level of similarity between CLI and workflow was very close to perfect. All the main commands - init, plan, apply,
import, and destroy - were done in the same way, thus leading to similar plan outputs and exit codes. Workspace management,
variable file parsing (-var-file), and partial applies (-target flags) were also consistent. Minor plan output formatting and
warning text changes were there which did not have an impact on the functional equivalence. In general, operational
workflows were indistinguishable from developers' indistinguishable.

5.3. Quantitative Outcomes

The quantitative evaluation supported the qualitative findings about compatibility and reliability. Plan parity averaged
99.2% over 42 stacks tested (across AWS, Azure, and GCP providers), with 39 stacks resulting in identical plans and 3
showing minor metadata differences. The differences were due to timestamp normalization and provider-generated attributes
and not configuration errors.

The error taxonomy that was unveiled from the divergent behaviors observed when:

Plan Parity and Performance

s Terraform
s OpenTofu

Plan Parity Apply Time Drift Detection Error Rate
(%) Difference Accuracy (%) (%)
(%)

Terraform OpenTofu

Figure 2. Comparative Analysis of Terraform vs. Opentofu: Plan Parity and Performance

o 40% of those divergences were due to schema mismatches between providers (mostly non-critical string-to-number
coercions).

o 35% of the divergences were provider authentication issues that were usually related to environment variable
propagation in CI runners.

e 25% of backend locking were anomalies, mainly temporary conflicts during concurrent remote applications, that
caused divergences.
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In effect, all the instances of retries or minimal reconfiguration were able to solve the discrepancies. The performance
indicators were a testimony to the fact that OpenTofu was close to Terraform in terms of performance. Median plan times in all
the stacks were within £3% of Terraform’s baseline, while apply operations were on average 4.6% faster on remote backends
due to the simplified state serialization. At the p95 latency, OpenTofu was able to shorten the plan time by about 5 seconds for
large environments (>400 resources). Drift detection and rollback operations did not suffer any significant regressions.

These quantitative indicators are a good fit for the statement that OpenTofu is operationally interchangeable with

Terraform in most cases thus supporting the claim of "drop-in" compatibility in real-world workloads made by OpenTofu.

Tablel. Governance and Compatibility Summary

Dimension Evaluation Criteria Terraform OpenTofu Compatibility/Observation
Governance Stewardship Model Vendor-led Foundation-based OpenTofu is transparent and
Structure (HashiCorp) (Linux Foundation) neutral
Decision Public RFCs, TSC, logs Limited Fully Open Strong governance visibility
Transparency
Contributor Organizational Spread Moderate High Improved resilience
Diversity
State File Format JSON Schema Identical Identical 100% structural compatibility
Backend S3, AzureRM, GCS Supported Supported Fully compatible

Interoperability

Provider Resolution

Registry + Lock Files

Proprietary

Compatible with

99% parity

Registry Terraform providers
CLI Parity Commands & Flags terraform tofu Fully interchangeable
Performance Baseline +0-5% +0-5% Negligible difference
(Plan/Apply)
Drift Detection Consistency Check Same Same Full parity
Known Risks Registry Drift, Provider N/A Minor over time Continuous validation advised

Divergence

5.4. Qualitative Outcomes

OpenTofu replaced Terraform with minimal disruptions and most of the engineers could carry on with their work without
any retraining, that's why it was accompanied by positive feedback from the users. It was found that the structure of the
commands, the semantics of the arguments and the syntax of the configurations were identically copied from Terraform and
hence the transition was effectively invisible.

Frictions in CI/CD pipelines were minimal as well - all Terraform stages could be run with OpenTofu after a simple
command alias update in GitLab templates. The only place where the issue was that the temporary plan files had different
paths. Thus it was fixed by changing a small variable. Improvements were made to documentation usability, however, it is still
regarded as a significant gap. The official OpenTofu documentation provides installation and command references, but
advanced usage examples, backend-specific guidance and migration scenarios are not as well developed as in Terraform.
Developers appreciated that OpenTofu had clearer error messages and gave more informative plan diffs, but they asked for
more detailed examples of the troubleshooting process.

The project's governance transparency exemplified During the migration pilot, four issues were filed with the OpenTofu
GitHub repository (including a state import warning and provider checksum error). The OpenTofu team acknowledged each
GitHub issue within 24 hours and got it resolved /patched within two release cycles. Release notes provided clarity and
traceability between issues, commits, and milestones. This level of maturity is not common for young open-source forks. The
quick response of the team was one of the factors that kept the trust of the users and made the risk of operation remote.

5.5. Interpretation

The combined results of governance and compatibility analyses indicate that OpenTofu has acquired both functional
maturity and governance legitimacy, which are sufficient for a controlled enterprise adoption. Technically speaking,
compatibility is "good enough” for most of the workloads that can be encountered in the real world. Almost complete fidelity
is observed in state handling, provider resolution, and backend operations. The minor differences - metadata diffs and isolated
registry quirks - that have been identified, if v They may confidently implement OpenTofu in their environments without
foreseeable service downtime, as long as thorough testing and rollback mechanisms are in place.

Nevertheless, carefulness is still required in edge scenarios that involve complicated provider dependencies or custom
registry integrations. As the two projects diverge more with time, version skew between providers could become the source of
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subtle incompatibilities again. To avoid drift, continuous validation pipelines and automated plan parity checks should be a
part of the change control process.

From the governance perspective, the transparent, foundation-based model of OpenTofu significantly lowers the risk of its
adoption by regulated enterprises. The governance stance of the project - open charters, balanced contributor representation,
and decision-making transparency — com Still, its survival over the long haul depends on, among other things, financial
independence and contributor diversity, according to the authors.

In fact, the migration exercise mostly changed one The developers became more confident that their workflows would not
be affected negatively under a governance model that is open. The top five friction points that were observed are: (1) custom
registry authentication gaps, (2) inconsistent provider version pinning, (3) limited documentation depth, (4) CI variable path
adjustments, and (5) minor output formatting variances. None of these points represent an issue that blocks the progress, but
taken together they In general, the mix of governance transparency and almost perfect compatibility that OpenTofu has makes
it a very real, community-driven, worthy successor to Terraform. An enterprise, which is balancing operational stability with
the principles of open governance, can view it as a seamless technological and ethical continuation of the 1aC paradigm.

6. Conclusion and Future Scope

This paper offers two different frameworks for analyzing - one for governance evaluation and another for technical
compatibility assessment - to open-source Infrastructure-as-Code (1aC) systems. A governance evaluation model was first
introduced to emphasize neutrality, transparency, and sustainability, which is along with a compatibility assessment matrix and
migration playbook endorsed through a scalable enterprise case study. The results reveal that OpenTofu is comparable to
Terraform, thus, providing organizations with a reproducible method of assessing open-governance alternatives. The paper also
supplies a set of practical suggestions that a company could use while deciding to migrate, at which it would be most helpful to
emphasize the importance of a phased rollout strategy, excellent monitoring practices, and governance due diligence through
metrics such as contributor diversity, release cadence, and funding transparency.

Nevertheless, the limited scope of the study is constrained by itsDF time and tested tool versions only, thereby indicating
that any changes in provider ecosystems and organizational requirements over time may have an impact on the applicability of
the study. Thus, the next step should be a continuous investigation of the ecosystem, keeping track of the metrics such as
contributor diversity and vulnerability trends. Similarly, innovations in areas like automated plan-diff visualization tools and
schema comparison dashboard could make migration more accurate and confidence higher. The comparative study of different
alternative laC systems such as Pulumi and CloudFormation would reveal more about the governance and compatibility
dynamics, thus, paving the way for the sustainable automation of open-source infrastructure management.
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