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THE BROKEN TRUST MODEL BEHIND
HASH-BASED INTEGRITY

The Foundational Weakness - the mathematics are
unbreakable, but the infrastructure is fragile

Abstractv1.3

Traditionalfile integrity systems fail not because the cryptography is weak, but
because managing detached hashes and central registries creates a fragile, network-
dependent infrastructure. VeraFile eliminates this operational overhead and decreases
the attack surface by embedding a VIK, a validation key, directly into the filename,
allowing files to securely prove their own identity and integrity without infrastructure.
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About VeraSec Technologies

VeraSec Technologies LLC is a pioneer in Artifact Identity Security
(AIS), focused on moving the security context from the infrastructure
directly to the file itself. While traditional security models rely on
centralized systems to establish and maintain trust, VeraSec’s
patent-pending VeraFile technology empowers files to carry their own
verifiable identity - preparing them for an actual Zero Trust world.

Operating at the forefront of Portable File Identity (PFI) technology,
VeraSec invented the Validation Integrity Key (VIK) process. This
innovation patches a fundamental vulnerability in traditional PKI that
has persisted for decades. By cryptographically binding a file’s
content and metadata into a compact, human-readable identifier
embedded directly within the artifact, VeraFile helps organizations
set up durable, portable trust in every digital asset, signed or
unsigned - wherever it travels.

About The Publisher

Brian Hajost (bhajost@verasec.net) is a cybersecurity entrepreneur
and technologist with more than 30 years of experience in
information security, compliance automation, and trusted computing
systems.

As the founder of SteelCloud, he pioneered the automation of DISA
STIG and CIS benchmark compliance for the DoD, federal agencies,
and enterprise customers. Brian holds 15 patents in information
technology and mobile security. In 2022 he was named one of the
“Top 10 Most Influential People in Cyber Security” by CIO Views.

His current work focuses on solving what he describes as the Artifact
Identity Problem - the absence of durable identity for files as they
move across distributed infrastructures and untrusted networks.
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All trademarks are the property of their respective owners.
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The Broken Trust Model Behind Hash-based Integrity

The Foundational Weakness —the mathematics are unbreakable, but the infrastructure
is fragile

Executive Summary

Cryptographic hash functions are routinely treated as the central challenge in file integrity.
They are not. In practice, calculating a hash is the trivial part - algorithms like SHA-256 and
SHA-512 are fast, mature, globally vetted, and mathematically unbreakable for integrity
verification. In enterprise environments and tactical fields alike, the cryptographic
primitive itself is virtually never what fails; it cannot be reasonably attacked.

The actual engineering and cybersecurity challenge is everything around the hash.

A cryptographic hash proves only
one narrow thing: that observed
content matches a specific
reference value. It does not prove :
that the reference value itself is ’
authentic. It does not guarantee that of f .7 VIK IDENTITY
the digest belongs to the correct file o | ; ; | B\ VIK'7b9C
name, version, release, or ' : : '
operational context. It does nothing
to protect the fragile manifests,
databases, registries, or side
channels where those reference
values are stored.

Furthermore, conventional hashing completely fails to solve the operational challenge of
validating files when the verifier is offline, air-gapped, bandwidth-constrained, or otherwise
cut off from a central source of truth. This exposes the foundational paradox of modern file
tracking: the mathematics are unbreakable, but the infrastructure is fragile.

The VeraFile Paradigm: Asset-Centric Integrity

VeraSec Technologies’ patent-pending VeraFile technology fundamentally rewrites this
model by altering where the integrity reference lives. Instead of storing a reference hash in
a detached database or vulnerable manifest, VeraFile derives a compact Validation
Integrity Key (VIK) from the file’s contents, filename, and metadata, embedding it directly
into the filename itself. The file carries its own validation reference wherever it travels.
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The Misunderstood Role of Hashing

Itis a common shorthand to say that cryptographic hashes prove a file hasn't changed.
While directionally correct, this view is dangerously incomplete.

A hash function takes an arbitrary input and produces a fixed-length digest. If the input
changes, the digest changes - assuming the file is reliably re-hashed. This makes it an
exceptional tool for detecting corruption or tampering. However, that digest is only useful if
it can be compared against a reference value that is already implicitly trusted.

e The Hash is Not the Trust Model: A digest does not independently prove origin,
author, version accuracy, or workflow authorization. It merely acts as a mechanical
component inside a larger, often fragile trust model.

e The Security Paradox: Organizations expend significant engineering resources
securing cryptographic primitives while drastically underestimating the difficulty of
protecting the reference values, binding those values to operational file identities,
and maintaining authoritative central stores of both over time.

The result is a system that looks structurally impregnable on paper but fails continuously
under real-world operational pressure.

What a Hash Actually Proves

To design a resilient integrity architecture, we must recognize the narrow boundaries of
what a cryptographic hash delivers:

e It proves mathematical correspondence, not origin. It does not prove who
generated the file. For origin, systems typically layer on digital signatures,
certificates, or HMACs (Hash-Based Message Authentication Code) - introducing
massive infrastructure complexity.

e It proves structure, not authorization. A valid hash does not mean afile should be
executed, installed, or trusted within a specific operational enclave.

e It proves bytes, not context. A standalone digest cannot tell you if afile is the
correct version, the correct component of a mission package, or the correct
documentin a legal chain of custody.

Most critically, a hash cannot protect against an attacker who can modify both the file
and the reference digest simultaneously. If an adversary can swap a file and update the
hash printed beside it on a server or file share, the downstream hash check will pass
perfectly.
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The Reference Value Problem

For any hash-based verification to matter, the reference value must reach the verifier
through an immutable, tamper-proof channel. Achieving this in practice is deceptively
difficult.

To secure this delivery channel, enterprises typically introduce extraordinarily complex
layers: HTTPS origin enforcement, sighed manifests, package-manager trust chains,
certificate validation routines, and centralized transparency logs.

Rather than fixing the underlying vulnerability, this merely shifts the target. The file's
integrity now entirely depends on the availability, synchronization, and security of the
reference-delivery infrastructure. An attacker doesn't need to break SHA-256; they merely
need to tamper with the value the verifier believes is the authoritative reference.

The Binding Problem

Files possess operational and organizational meaning far beyond their raw byte structure.
They have names, versions, lifecycle statuses, classification markings, and specific roles
within a package. In production environments, these contextual attributes are just as vital
as the content itself.

Because a conventional hash binds strictly to file content, it creates a severe contextual
gap that leaves systems open to substitution and relabeling attacks:

« Renaming Attacks: A perfectly valid, benign file can be renamed to impersonate a
critical system asset or a different workflow file.

¢ Rollback & Downgrade Attacks: An attacker can replace a secure file with an older,
highly vulnerable version. Because the older version was officially signed and
hashed in the past, its cryptographic signature and digest remain valid.

¢ Package Displacement: A file can be moved into an operational enclave or
workflow where it does not belong, yet its individual content hash will still validate.

When these attacks succeed, the cryptography hasn't failed; the binding has failed.
Because conventional systems fail to bind the digest, the filename, and the policy context
into a single artifact, the system can easily accept a dangerous file under a trusted seal.

Emergent Property: Deterministic Global Uniqueness

VeraFile closes this gap by transforming the filename from a superficial label into an
immutable element of the cryptographic control plane. By combining the file’s identity
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attributes and content through its validation routine, VeraFile derives a Base62 VIK that is
appended directly to the filename.

This design choice introduces a profound secondary benefit: decentralized, collision-free
global uniqueness. When a larger VIK (10+ character) is embedded into the name, every
file in the world effectively becomes a globally unique asset. This architecture achieves the
benefits of content-addressable storage natively within any standard filesystem
namespace, resolving three notorious enterprise data management headaches:

o Zero Namespace Collisions: When disparate systems aggregate files into central
repositories, data lakes, or cloud storage buckets, the risk of accidental overwrites
vanishes. Two entirely different documents originally named invoice.pdf or
audit_log.txt instantly receive distinct, un-spoofable global identities because their
distinct contents yield entirely different VIKs.

e A Cure for "Cosmetic Drift": It eliminates the human-driven naming clutter
common in shared corporate environments (e.g., project_plan_v2_final_actual_FINAL(1).pdf).
Because any modification to the content alters the VIK, the filename dynamically
reflects state changes, enforcing absolute naming discipline across automated
workflows.

¢ Native Primary Keys: The filename itself becomes a deterministic, decentralized
primary key for indexing databases, SIEM logging systems, and cryptographic audit
trails. Security teams can trace a specific file asset across entirely separate
networks and disconnected domains purely by its name, without needing a
centralized UUID orchestration engine.

By turning the filename into an un-spoofable identity boundary, VeraFile ensures that a
hash does not merely identify anonymous bytes, but permanently preserves structural and
operational meaning of the file. So, VeraFile ensures that identical filenames no longer hide
different files.

The Authoritative Store Problem

Behind conventional validation is a central source of truth: a database, registry, manifest
index, or ledger holding the authoritative mappings between files and digests. This
centralized approach introduces three critical systemic risks.

Compromise Equals Control of Truth

If an adversary compromises the central registry or manifest creation pipeline, they gain
the ability to bless malicious files at the source. Downstream systems will faithfully
validate the attacker's files, mistaking automated verification for actual security.
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Co-Location Destroys Separation

For operational ease, teams frequently store files and their reference hashes within the
same administrative domain, sharing storage infrastructure, access controls, and
credentials. If a single administrative compromise grants access to both, the entire
integrity boundary collapses. Truly separating these domains introduces severe friction and
cost, leading to eventual consolidation under operational pressure.

Availability Becomes a Security Dependency

A central store must be constantly reachable. If a verification tool cannot access the
authoritative registry or validate a certificate revocation list (CRL), it faces a dangerous
operational dilemma: halt operations or fail open. In tactical networks, air-gapped
systems, disaster recovery environments, or field deployments, persistent connectivity is
an impossibility. Forcing an integrity architecture to rely on live reach-back creates an
intentional single point of failure.

Operational Erosion

Even technically sound integrity architectures degrade over time due to natural friction
within modern workflows:

e« Canonicalization Mismatches: Minor variations in line endings, whitespace, or
metadata encoding trigger false validation failures, frustrating teams and causing
them to view security checks as brittle.

e Operational Workarounds: To hit deployment deadlines or overcome network
outages, temporary bypasses and exception lists are introduced. Over time, these
workarounds harden into permanent, unmonitored security gaps.

o Advisory Degradation: When maintaining manifests becomes too cumbersome,
enforcementis frequently downgraded from mandatory blocking to advisory
alerting, neutralizing the security control.

The strongest integrity system is not the one with the most complex cryptographic
deployment; it is the one with the smallest operational attack surface.

How VeraFile Solves the Infrastructure Problem & Shrinks the Attack Surface

VeraFile fundamentally changes the topology of trust by making the integrity reference an
inseparable part of the file itself.

Instead of generating a detached hash destined for an external database, VeraFile derives a
compact Validation Integrity Key (VIK) directly from the file's content and its human-
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readable identity attributes. The VIK is written into the filename itself - a deterministic, self-
verifying fingerprint of the file, so its name no longer merely labels the file, it provesit.

Core Architectural Advantages:

o Zero Key Management Overhead: VeraFile functions as a completely keyless
architecture. It provides robust integrity and forgery resistance without the
deployment, rotation, and revocation challenges of traditional PKI or managed
cryptographic keys.

 No Per-File Databases: The file explicitly carries its own validation reference,
eliminating the need to maintain, synchronize, or secure sprawling manifest
registries. The file becomes its own validation database.

¢ Local, Offline Execution: Because the validation data is embedded on-board,
verification is entirely self-contained. A validator recomputes the VIK locally without
making network calls.

¢ Identity-Bound Security: The filename is no longer cosmetic; it is elevated into the
cryptographic control plane.

/ The Filename Is Outside the Trust Boundary \
Hashes and PKI signatures protect the content. Neither binds the name - VeraFile does.
TRADITIONAL INTEGRITY WITH VERAFILE
e e e e e e e e e e e e S e ) N R E e St S L S EES S i il \
: FILE NAME : 1 Trust boundary — name now included 1
: final_orders.pdf — can be renamed freely : : :
e e e St e e s o | FILE NAME + VIK 1
A outside the cryptographic boundary — rename not detected : final_orders.[VIK].pdf :
s s e e o e ot e e ) o e e o ~ | | I
: Cryptographic trust boundary : : :
1 : 1 VIK = f(content, name) :
1 1
1 H 1 1 1
: File content (bytes) : : | :
1 the only thing inside the boundary ! ! ) !
! i : File content (bytes) :
1 | 1 verified by hash / signature as before !
1 1 1 1
1 A 1 1 1
| < v Hash ) < v Signature > | 1 1
1
: : : Rename or alter - validation fails 1
1 verify bytes / signer — say nothing about the name : : the (content, name) identity is the protected artifact :
1
1 1 1 1
\ormmmm o I i '
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Neutralizing the Core Integrity Vectors

Resolving the Reference Value & Binding Problems

In conventional systems, separating the hash from the file creates a secondary channel to
defend. In VeraFile, the reference value is the filename — a single channel.

By making the filename an explicit input into the deterministic validation routine, VeraFile
binds the content directly to its operational identity. If a file is renamed, relabeled, or
tampered with, the recomputed value will fail to match the VIK embedded in the name. This
effectively stops substitution, version rollback, and renaming attacks at the local
perimeter.

For specialized or sensitive enterprise environments, these validation routines can
incorporate private, organization-specific logical constraints. This ensures that the VIK
cannot be generated or spoofed by unauthorized external entities, providing definitive
forgery resistance without the infrastructure weight of certificate authorities.

Eliminating the “Store” Dependency

Because validation occurs dynamically and locally, the systemic risks of an authoritative
store disappear:

Threat Category VeraFile Architectural Mitigation

Central Registry | Eliminated. Truth is decentralized and verified locally
Compromise on the data asset itself.

Eliminated. Content and reference are structurally
bound; they cannot be altered in tandem without
breaking the mathematical derivation.

Co-Location
Vulnerabilities

Store Availability | Short-circuited. No connectivity is required to
Denial validate integrity.
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Comparative Risk Model

Component

Reference
value

Threatin aHash-based System

Must reach the verifier untampered; a co-
published hash is forgeable; authenticated
delivery adds its own dependencies

What VeraFile Changes

Carried in the filename and travels with the file —
no separate value to deliver or protect; keyed
modes make it unforgeable without the secret

Binding (file /
version/
context)

Avalid digest can be tied to the wrong-
context file; rename, relabel, and rollback
all pass the check

Name (and version/marking by policy) are inputs to
the VIK, so identity is inside the trust object; any of
those changes fails validation

Authoritative
store

Compromise equals control of truth; co-
location defeats it; must be kept
synchronized

No per-file binding store needed; residual authority
shrinks to a small, self-sealable list of names, orin
keyed modes a protected secret/routine; losing it
costs completeness, not integrity

Availability
(always-
online)

Anunreachable store forces a halt or a fail-
open; cannot cross an air gap

Validation is local and offline; the file proves itself
with no reach-back — no always-online single point
of failure

Operational
discipline

Canonicalization mismatches, "temporary
bypasses, stale manifests, lingering
downgrade paths

Removes file © hash © store drift (one self-
describing artifact); canonicalization is defined
once in the routine; fail-closed remains a policy
choice

Ultimate Utility: Air-Gapped and Disconnected Environments

Isolated and high-consequence environments expose the starkest vulnerabilities of
conventional integrity models. Inside a well-connected corporate network, enterprise tools
(such as continuous endpoint monitoring, centralized SIEM logging, and live certificate
verification) mask the underlying fragility of file tracking.

However, when a file crosses a boundary into an air-gapped system, tactical enclave, or
secure cross-domain environment, that supportive infrastructure completely vanishes:

e Metadatais routinely stripped during transport.

e Centralized security telemetry cannot follow the asset.

e Live certificate revocation lists (CRLs) are unreachable.

¢ Teams are forced to rely on manual checklists and fragile sidecar files.
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VeraFile thrives precisely where traditional hash infrastructure fails. Because the control
plane is carried directly on the file artifact, the asset remains fully verifiable even after
leaving the network that generated it. For military, intelligence, industrial control systems
(ICS), legal supply chains, and archival operations, VeraFile preserves absolute continuity
of trust without requiring a digital tether back to an enterprise core.

Core Cyber Design Principle: Reduce What Must Be Trusted

The fundamental philosophy behind VeraFile is not the introduction of novel or exotic
cryptographic primitives. Strong, industry-standard hashing is assumed as a baseline.

Instead, the core design principle is the radical reduction of the enterprise trust surface.

By consolidating the file content, its human-readable identity, and its validation reference
into a single, keyless, self-describing asset, VeraFile systematically dismantles the
infrastructure dependencies that cause conventional integrity architectures to collapse.
When fewer external components require trust, fewer components exist to be targeted,
exploited, or misconfigured. When centralized synchronization is eliminated, operational
drift ceases to exist.

Resilient Failover: An Automated Secondary Line of Defense

Beyond acting as the primary integrity control for the 95% of enterprise data historically left
unmonitored, VeraFile introduces a powerful defense-in-depth failover mechanism for
the 2% to 5% of assets already managed by traditional hash registries.

When a primary centralized registry goes offline, suffers a network partition, or experiences
a validation timeout, security teams are traditionally trapped in an operational dilemma:
halt mission-critical workflows or fail open. VeraFile completely mitigates this risk by
providing an immediate, zero-latency backup:

e Continuous Fail-Secure Validation: If the primary enterprise hash regimen is
unavailable, downstream verification tools seamlessly fall back to a VeraFile local
check. Workflows keep moving safely without bypassing security controls.

¢ Infrastructure-Independent Redundancy: Because VeraFile verification happens
entirely on the file itself, it acts as a resilient fallback during active network outages,
BGP routing failures, or DDoS attacks targeting core security registries.

¢ Tamper Cross-Checking: Even when the primary infrastructure is functioning
perfectly, VeraFile serves as an independent verification vector — a mitigating
control. If an insider or adversary compromises the central manifest registry, the
locally recomputed VeraFile check will detect the discrepancy and flag the asset.

By embedding the control plane directly onto the asset, VeraFile ensures that even if the
primary enterprise defense-in-depth layers are entirely incapacitated, the file remains fully
capable of defending its own integrity.
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Built for Software, and the 95% It Leaves Behind

Traditional hash integrity was built for software and scripts: artifacts that are pipeline-
produced, relatively static, high-value, and changing on a release cadence - exactly the
conditions that make baseline, manifest, sign, and distribute affordable. None of those
assumptions hold for the long tail of documents, data files, and logs that make up most file
volume.

The deeper problem is that the traditional hash integrity process only offers a gold tier. The
per-file cost/effort is so heavy that an organization is forced into gold-or-nothing - and since
it cannot afford to gold-plate everything, coverage collapses to the most important 2-5% of
files. Everything else goes unprotected, not because it doesn't matter, but because the only
available process is too operationally expensive to apply.

VeraFile supplies the missing middle: a capability operationally cheap enough that any
organization can justify protecting every file, everywhere. It drives the mechanical cost
down to a single automated seal per file and removes the most-attacked, hardest-to-
maintain pieces entirely - the store, the separate binding, and the distribution. The right
posture is to add VeraFile to complement and reinforce, not replace existing hash
infrastructure. Keep protecting software and scripts the way you do today with the added
benefit of protecting the integrity of the other 95%+ that the heavy process never touches.

Much of that 95% is work-in-process files, and many of those files live outside controlled
systems such as Git and SharePoint. WIP is where the chaos lives - and where data is most
vulnerable because it is changing, multiplying, and moving between systems and hands
with nothing vouching for it. The most effective strategy is to seal everything - and, crucially,
to seal files while they are still inside the controlled systems, so the protection is already in
place the moment they leave. Sealed upstream, a file never exists unprotected: not in the
repository, notin transit, and not anywhere it travels afterward.

Seal Everything - Not the 2-5%

Selective integrity is a cost and operational compromise. At infrastructure speed the blind spot disappears.

Today: Selective Integrity VERAFILE: Seal Everything

=~ 95-98% of files unverified/unprotected Every files carries its own VIK
where attackers and accidents live No triage, no class of files left out
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Conclusion: A New Paradigm for Absolute Trust - Seal Everything

The structural vulnerabilities of conventional file integrity systems are not mathematical;
they are architectural. Modern enterprise security does not need stronger cryptographic
hashes - it needs an integrity infrastructure capable of surviving outside the safety of a
permanent and operational corporate network tether.

This infrastructure deficitimposes a stark economic and operational reality on modern
organizations. Because traditional hash infrastructure, with its reliance on sprawling
databases, PKI management, and complex synchronization, is so costly and complex to
maintain, organizations are forced to triage their security. In practice, only 2% to 5% of an
enterprise's most critical files can be cost-effectively managed under conventional
hash models. The remaining 95% of data assets are left entirely unmonitored, exposed to
stealthy modification, tampering, and drift.

VeraFile completely upends this cost and operational curve. By eliminating the heavy
infrastructure overhead, the economic barrier to file integrity is removed. For the first time,
an enterprise can afford to protect the integrity of every single file. Security ceases to be
a luxury reserved for a tiny fraction of assets; instead, validation becomes a ubiquitous,
friction-free background reality where organizations can validate every file continuously.

By shifting the validation reference from an external database directly into the filename
itself, VeraFile dissolves the friction that has plagued file tracking for decades. The
Validation Integrity Key (VIK) transforms every file into a self-describing, globally unique,
identity-bound asset capable of proving its own integrity anywhere, at any time.

Ultimately, VeraFile fulfills the most critical design principle of modern security: it radically
reduces what must be trusted. By eliminating detached manifests, central registries, and
the administrative weight of key management, it simultaneously compresses the enterprise
attack surface and removes brittle network dependencies. VeraFile ensures that afile's
integrity control plane travels with the asset itself.
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