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Abstract Modern software supply chain compromises frequently originate 

within the build environment. Conventional container compilation 

relies on network-connected dependency resolution, persistent 

toolchains, and non-deterministic processes. These characteristics 

weaken artifact integrity and limit post-build verification.

Isolated package compilation establishes deterministic build 

foundations. Each package is compiled in a single-use, network-

isolated environment using explicitly declared and pre-validated 

inputs. Outputs are reproducible and cryptographically attestable.

By embedding isolated compilation at the operating system layer, 

CleanStart converts build integrity from a procedural safeguard into a 

foundational infrastructure property.

1. 

The Build 
System as a 
Trust 
Boundary

Every container deployed to production is the product of a 

compilation process. The build system therefore represents a primary 

trust boundary between source code and executable artifact. If 

integrity is compromised at this stage, downstream controls cannot 

restore trust.

Recent supply chain incidents demonstrate consistent targeting of 

build environments and dependency pipelines. Industry reporting 

shows sustained growth in supply chain attacks, including 

compromise introduced during compilation and dependency 

resolution.

Well-documented incidents illustrate the systemic nature of this risk. 

The SolarWinds compromise demonstrated how intrusion into a build 

environment can propagate malicious code through signed software 

updates to thousands of downstream consumers. More recently, the 

XZ Utils backdoor attempt targeted widely distributed Linux 

components through long-term manipulation of upstream 

development processes. These events underscore that compromise 

at compilation can scale across entire software ecosystems.

The architectural weakness is not limited to direct intrusion. Many 

build systems lack deterministic controls, reproducibility guarantees, 

and verifiable provenance. Organizations frequently cannot 

demonstrate:

That a binary was produced from declared source inputs

That dependency versions were fixed and verified
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That rebuilding identical inputs yields identical outputs

Without deterministic build conditions, artifact trust remains 

inferential.

2. 

Failure 
Patterns in 
Conventional 
Compilation

Container builds are commonly optimized for flexibility and 

development speed rather than verifiable integrity. Several structural 

weaknesses recur.

2.1 Dynamic Network Dependency Resolution

Build environments often retain unrestricted network access. 

Dependencies are resolved at build time, sometimes retrieving the 

most recent available versions. This introduces exposure to 

repository compromise, dependency substitution, and supply chain 

injection.

2.2 Persistent Builder State

Toolchains, caches, and intermediate artifacts persist across builds. 

Persistent state increases the blast radius of compromise and 

complicates traceability. If a builder is altered, subsequent artifacts 

may inherit that compromise.

2.3 Non-Deterministic Output Generation

Timestamps, uncontrolled environment variables, and unpinned 

inputs may introduce variability. Rebuilding identical source may 

produce a different binary, preventing independent verification.

2.4 Build and Runtime Boundary Drift

Utilities required only during compilation may remain embedded 

within runtime images. This expands the attack surface and 

undermines minimal-image security principles.
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Source Code

Figure 1—Conventional Container Build Model

Compilation Trust Boundary

Uncontrolled External Input

(Network Connected)
Build Environment

Dynamic Dependency Ingestion
Public Package Repositories

Dependency Retrieval

Persistent Toolchain & Caches

Variable Inputs
Uncontrolled Dependencies
Non-Deterministic Builds

Network Access & APIs
External Services

Build-Time Variability
Artifact Inherits Network Access

API Calls &

Container Artifact Container Artifact

Collectively, these conditions prevent conclusive validation of artifact origin and integrity.

Deterministic 
Build 
Architecture

Isolated package compilation establishes deterministic build 

foundations by structurally controlling inputs, execution, and outputs.

3.1 Ephemeral, Single-Use Environments

Each package is compiled within a freshly instantiated environment 

derived from a verified template. The environment is destroyed 

immediately after completion. No state persists across builds.

3.2 Absolute Network Isolation

Compilation occurs without internet connectivity. All dependencies 

are pre-validated and transferred into the environment before 

isolation. This eliminates dynamic retrieval during build execution.
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3.3 Immutable Toolchain Control

Compilers and build utilities originate from read-only, verified 

images. Toolchains cannot be modified during compilation.

3.4 Reproducible Output Guarantees

Build parameters eliminate uncontrolled inputs such as timestamps 

or non-pinned dependencies. Given identical source and dependency 

inputs, outputs are byte-for-byte identical. This property enables 

independent rebuild verification and tamper detection.

3.5 Cryptographic Attestation and Provenance

Each build produces signed attestations capturing:

Source identifiers

Dependency versions

Toolchain versions

Build parameters

Validation outcomes

These records align with supply chain integrity frameworks, including 

SLSA hermetic and reproducible build requirements.
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Figure 2—Deterministic Build Architecture
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Deterministic architecture reduces the opportunity for compromise during compilation and 

enables independent validation after distribution.

4.

Operational 
and 
Compliance 
Implications

Deterministic build foundations improve both risk posture and 

governance efficiency. Industry data indicates that average breach 

detection and containment timelines exceed 250 days, with supply 

chain incidents carrying higher remediation costs than other breach 

categories. Structural controls at compilation reduce exposure to 

compromise and enable rapid identification of affected artifacts 

through explicit provenance records.

From a regulatory perspective, deterministic builds support 

compliance with:

SLSA integrity levels

NIST Secure Software Development Framework (SP 800-218)

Executive Order 14028 supply chain directives
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5. 

CleanStart OS 
Integration

Because provenance and reproducibility are generated automatically 

during compilation, manual documentation overhead is reduced. 

Audit validation shifts from procedural review to artifact verification.

Operationally, ephemeral build environments eliminate the need for 

persistent builder maintenance, long-lived credentials, and cross-

build state management. Build infrastructure becomes stateless and 

reproducible.

CleanStart integrates isolated package compilation directly into the 

operating system foundation. Every package within CleanStart OS is 

compiled using deterministic, isolated processes.

Key properties include:

Single-use build environments

Zero network connectivity during compilation

Pre-validated dependency inputs

Reproducible output guarantees

Cryptographically signed provenance artifacts

Containers derived from CleanStart OS inherit these properties 

without additional pipeline modification. Developers use standard 

workflows while receiving verifiable artifacts by default. Security and 

compliance controls are embedded within the foundation rather than 

layered onto downstream processes.
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Conclusion Software integrity cannot be assured after compilation if the build 

process itself lacks determinism and isolation. Conventional 

approaches that emphasize post-build scanning do not address 

compromise introduced during artifact creation.

Isolated package compilation establishes deterministic build 

foundations by structurally controlling execution environments, 

inputs, and outputs. Reproducibility and cryptographic attestation 

convert artifact integrity from assumption to verifiable property.

By embedding deterministic compilation within the operating system 

layer, CleanStart transforms build security into a foundational 

infrastructure characteristic suitable for modern container supply 

chains.
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