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EXECUTIVE SUMMARY

The Ransomware Crisis Demands a New Paradigm

We are in the midst of the most consequential cybersecurity crisis the enterprise world has ever faced.
Ransomware — once a nuisance limited to encrypting individual workstations and extorting small sums
— has evolved into a sophisticated, multi-billion-dollar criminal industry that now threatens hospitals,
financial institutions, critical infrastructure, and global supply chains with unprecedented regularity and
impact.

In 2025, the average cost of a ransomware recovery event reached $4.5 million per incident. This figure
is not merely the ransom itself — in fact, the ransom often represents less than one-third of the total
financial damage. The real cost is measured in lost productivity, emergency IT response, regulatory fines,
legal liabilities, reputational damage, and customer churn that follows an organization for years after the
initial breach.

What is perhaps most alarming is that the very tools organizations have relied upon for decades to protect
their data — traditional backup solutions, even cloud-based ones — are failing at a catastrophic rate.
Independent security research compiled throughout 2025 and early 2026 reveals that 73% of traditional
cloud recovery attempts fail when organizations are hit by modern ransomware employing double or
triple extortion techniques. These attacks do not merely encrypt your production data; they infiltrate your
backup infrastructure, delete recovery points, exfiltrate sensitive data, and threaten public disclosure as
additional leverage.

The Fundamental Flaw in Traditional Backup Architectures

The root cause of this systemic failure is architectural. Traditional backup systems — whether on-
premises tape archives, local snapshot-based solutions, or cloud-based continuous data protection
(CDP) platforms — share a common, critical vulnerability: they are writable. An administrator — or in the
case of a compromised administrator account, an attacker — can delete backup sets, modify retention
policies, roll back snapshots to pre-encryption states (which paradoxically can destroy recovery data), or
simply overwrite the backup repository with encrypted data.

Modern ransomware operators have weaponized this vulnerability with terrifying efficiency. Before
executing the primary encryption payload, ransomware such as Conti, BlackCat (ALPHV), LockBit 3.0,
and their 2025 successors spend weeks or even months in the target environment, quietly mapping
backup infrastructure, stealing credentials, and poisoning backup chains. By the time the primary attack
detonates, the organization's so-called safety net has already been neutralized.

This is not a configuration failure. It is not a human error problem. It is a fundamental architectural flaw:
backup data that can be deleted or modified offers no true protection guarantee. The solution is not better
backup software or stronger passwords. The solution is immutability at the storage layer — the elimination
of deletability itself.
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What Is True Immutable Storage?

Immutable storage is a data protection paradigm in which, once data is written to the storage medium, it
physically and logically cannot be altered, deleted, or overwritten for a defined retention period —
regardless of who requests the deletion, including administrators, root users, ransomware processes, or
even the storage vendor itself.

True WORM (Write Once, Read Many) technology, as implemented by Everabyte®, enforces
immutability at the firmware and object-lock level — not through software policies that can be
circumvented by privileged accounts. This is the fundamental distinction between genuine data protection
and the illusion of it.

Everabyte®: The Definitive Answer

Everabyte® was purpose-built to solve this exact problem. Our immutable cloud storage platform
represents a fundamentally new architecture — one where the question "Can ransomware delete our
backups?" has a guaranteed, engineering-enforced answer: No.

Everabyte®'s platform combines true WORM-enforced immutability at the object-lock level with a globally
distributed infrastructure spanning 7 Tier lll+ data centers, delivering not just security, but the
performance demanded by enterprise recovery time objectives (RTOs). Our upload throughput of 250
MB/s — more than four times the industry average of 60 MB/s — means that in the critical hours after an
attack, organizations can restore operations faster than any competitor platform.

This whitepaper provides a comprehensive technical and commercial case for Everabyte®'s approach.
We begin with an authoritative analysis of the ransomware threat landscape as it stands in Q1 2026,
proceed through a technical deep-dive into immutable storage architectures, detail Everabyte®'s
engineering decisions and infrastructure, present performance benchmarks and real-world case studies,
and conclude with a forward-looking roadmap including our upcoming 6x CDN acceleration initiative and
post-quantum cryptography research.

The Business Case: ROl and Continuity

For C-suite executives and IT leadership, the evaluation of a security investment must ultimately be
expressed in business terms. The ROI calculation for Everabyte® is unusually straightforward, because
the alternative cost is extraordinarily well-documented.

Consider a mid-sized enterprise with 50 TB of backup data. Under a traditional backup architecture, a
successful ransomware attack carries a statistically expected cost of $4.5 million — once you account
for the 73% failure rate of recovery attempts. Recovery time under traditional systems typically extends
from 3 to 14 days, during which business operations are severely impaired or entirely halted. At a
conservative estimate of $100,000 per day in lost productivity and revenue, this adds another $300,000
to $1.4 million in operational losses beyond the recovery cost itself.

With Everabyte®'s immutable storage, the ransomware recovery scenario changes entirely. Because
backup data cannot be compromised, recovery is a deterministic process — you know with mathematical
certainty that your data is intact and available. Because recovery throughput is 4x faster, the time-to-
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restore shrinks dramatically. The total cost of ownership for Everabyte®'s enterprise plan is a fraction of
the expected cost of a single unprotected ransomware event.

$4.5M 13% 290 4X

Avg. recovery cost without Traditional cloud M BIS Faster recovery vs. industry

immutable storage recovery failure rate Everabyte® upload average

throughput

The pages that follow make the complete case — technical, commercial, and strategic — for why
immutable storage is not an optional upgrade to your data protection stack. It is the only viable foundation
for enterprise resilience in the ransomware era. And why Everabyte®, with its unique architectural
approach, performance credentials, and global infrastructure, is the partner of choice for organizations
that cannot afford to lose.
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CHAPTER 1

The Evolution of Ransomware 2019-2026: From
Kidnapping to Extortion and Beyond

To understand why immutable storage is the mandatory foundation of modern data protection, one must
first understand the adversary. Ransomware in 2026 bears almost no resemblance to the blunt,
opportunistic attacks of 2015. What was once a simple extortion mechanism — encrypt files, demand
Bitcoin — has become a sophisticated, multi-stage, multi-vector criminal operation executed by
professional organizations with dedicated research and development teams, customer service
departments, and geopolitical backing.

This chapter traces the technical and strategic evolution of ransomware across seven transformative
years, documenting the key inflection points that rendered traditional backup solutions obsolete and
made immutable storage an architectural imperative.

2019: The Dawn of Enterprise Targeting

Prior to 2019, ransomware attacks were largely indiscriminate — mass-propagated malware delivered
via phishing emails, targeting whoever happened to click the malicious attachment. The primary targets
were individuals and small businesses. Ransoms were measured in hundreds or low thousands of
dollars, calibrated to what a consumer victim might actually pay.

The pivot began in 2018 and accelerated sharply in 2019 with the rise of Ransomware-as-a-Service
(RaaS) platforms, most notably Ryuk, which demonstrated that patient, targeted attacks against large
enterprises yielded exponentially higher returns. Ryuk operators would spend weeks inside a target
network — laterally moving, escalating privileges, and identifying the highest-value data and systems
— before triggering the encryption payload. The results were devastating: a single Ryuk attack against
a major U.S. hospital system in late 2019 resulted in a $17.3 million ransom demand and weeks of
operational disruption.

The key innovation of this period was the recognition that backup systems were the strategic target. If an
attacker could destroy or corrupt the victim's backups before deploying the ransomware payload, the
organization had no choice but to pay. Ryuk operators began including specific modules in their toolkits
designed to identify and delete Volume Shadow Copies (VSS) — Windows' built-in local snhapshot
mechanism — using legitimate system administration commands that evaded antivirus detection.

The arms race had begun.

2020-2021: The Double Extortion Revolution

The year 2020 marked the most significant strategic evolution in ransomware history: the introduction of
double extortion by Maze ransomware. Prior to Maze, the ransomware business model had a
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fundamental weakness — organizations with good backups could simply restore and refuse to pay. The
backup, if intact, was the trump card.

Maze changed the calculus by introducing a second threat vector: data exfiltration. Before encrypting
target systems, Maze operators would steal gigabytes or terabytes of sensitive data — customer records,
intellectual property, financial documents, personal health information — and threaten to publish this
data publicly on dedicated leak sites if the ransom was not paid. This "double extortion" meant that even
organizations with perfect, immutable backups faced a second, separate threat: regulatory fines for data
exposure (GDPR penalties can reach 4% of global annual revenue), reputational damage, and legal
liability for customer data breaches.

The implication for backup strategy was profound. Protecting backup data from deletion was no longer
sufficient — organizations also needed to ensure that data could never be accessed without authorization
during the ingestion and transit process. Encryption in transit and at rest became mandatory, but so did
the ability to prove data integrity — to demonstrate to regulators, customers, and insurers that data had
not been accessed or exfiltrated at any point during or before the attack.

By the end of 2021, double extortion was the standard operating model. Ransomware groups including
DarkSide (responsible for the Colonial Pipeline attack), REvil, and Conti had all adopted the approach.
The average ransom demand for enterprise targets exceeded $5.3 million, with actual paid ransoms
averaging $812,000 — a figure that obscures the much larger total recovery cost.

The question is no longer whether your organization will be targeted by ransomware, but when —
and whether your data protection architecture is genuinely capable of surviving the attack.

— Everabyte® Threat Intelligence Unit, Q1 2026

2022-2023: Triple Extortion and Supply Chain Weaponization

If double extortion upended the ransomware economics of 2020, triple extortion — introduced and rapidly
mainstreamed in 2022 — added a third, often more devastating threat: the targeting of the victim's
customers, partners, and supply chain.

In triple extortion scenarios, ransomware operators move beyond encrypting the initial victim's systems
and exfiltrating their data. They identify and directly contact the victim's major customers and business
partners, threatening to expose sensitive joint commercial data unless those third parties independently
pressure the original victim to pay. In some cases, attackers directly extort the downstream parties
themselves.

The 2022 attack on a major European logistics provider illustrated this evolution with particular clarity.
Attackers compromised the logistics company's systems and gained access to the operational data of
over 400 client companies. The ransomware operators then contacted 15 of the largest clients directly,
threatening to expose commercially sensitive shipping manifests and customs documentation. Three
clients independently paid ransoms before the original target had even been notified of the breach.

Simultaneously, 2022 saw the explosive growth of supply chain ransomware attacks — a technique in
which attackers compromise widely-used software providers or managed service providers (MSPs) and
use those trusted relationships to deploy ransomware across hundreds of downstream targets

© 2026 Everabyte | Confidential & Proprietary Page 7



EVERABYTE | Immutable Storage Whitepaper | Q1 2026 www.everabyte.com

simultaneously. The Kaseya VSA attack of 2021 had previewed this approach; by 2023, it had become
a primary attack vector, with MSP-focused ransomware groups achieving attack multipliers that made
individual targeting look inefficient by comparison.

For backup and recovery infrastructure, the supply chain attack vector introduced a devastating new
threat: if your backup solution provider is itself compromised, your backup data may be encrypted,
deleted, or exfiltrated before you are aware of the attack. This reality — that your backup vendor's security
posture is now part of your attack surface — is precisely why the architectural design of the backup
platform matters so much. A backup provider whose own systems can be compromised and whose
backup data can be deleted is not a backup provider at all.

Why Traditional Cloud Backups Fail: The 73% Reality

73% of organizations attempting recovery from traditional cloud backups after a modern ransomware
attack fail to achieve full recovery. The reasons are multiple and compounding:

1. Backup deletion: Modern ransomware dedicates specific modules to identifying and deleting cloud
backup repositories using stolen administrative credentials.

2. Backup encryption: Backup data stored in writable cloud buckets is encrypted alongside production
data — the backup becomes useless.

3. Poisoned recovery points: Attackers who maintain persistent access for weeks can corrupt backup
chains, meaning the "clean" restore point contains dormant malware.

4. Retention policy manipulation: Privileged access allows attackers to shorten retention windows,
ensuring that clean, pre-infection data has aged out of the backup set.

5. Vendor compromise: When the backup provider itself is attacked (supply chain vector), backup data
across all customers is at risk simultaneously.

2024: Al-Augmented Ransomware and Autonomous Attack Chains

The integration of artificial intelligence into ransomware operations, which began experimentally in 2023,
became operationally significant in 2024. Al-augmented ransomware represents a qualitative leap in
attack sophistication that has dramatically compressed the timeline from initial access to full deployment.

Traditional ransomware attacks that relied on human operators to conduct network reconnaissance,
privilege escalation, and backup destruction could take anywhere from 7 to 90 days from initial
compromise to ransomware detonation. Al-assisted attack chains, leveraging large language models
fine-tuned on penetration testing methodologies and trained on vast datasets of corporate network
architectures, can compress this timeline to hours.

Al is being applied across multiple phases of ransomware attacks. In the initial access phase, Al-
generated spearphishing emails — tailored to individual recipients using data scraped from LinkedIn,
corporate websites, and social media — achieve click-through rates that are 3 to 5 times higher than
generic phishing templates. In the reconnaissance phase, Al models can rapidly parse network traffic,
Active Directory structures, and file share permissions to identify the most valuable data and the most
efficient path to backup systems. In the evasion phase, Al generates polymorphic code that continuously
mutates to evade signature-based detection.
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The healthcare sector has been disproportionately impacted by this evolution. Healthcare organizations
represent ideal ransomware targets: they hold exceptionally sensitive data, face enormous regulatory
pressure to maintain operational continuity (hospitals cannot simply shut down while IT recovers), and
have historically underinvested in cybersecurity infrastructure relative to their data sensitivity. In 2024,
over 400 U.S. healthcare organizations suffered ransomware attacks, with several resulting in delayed
patient care, diverted ambulances, and cancelled surgeries. The human cost of inadequate data
protection is measured not only in dollars but in lives.

Healthcare Sector: A Detailed Case Analysis

The 2024 attack on Northridge Regional Health System (a representative composite scenario based on
documented incidents) illustrates the full lifecycle of a modern healthcare ransomware attack and the
catastrophic consequences of relying on traditional backup infrastructure.

Initial Access (Day 1): A phishing email targeting an accounts payable clerk delivered a malware loader.
The email appeared to be a legitimate vendor invoice, with Al-generated text that perfectly mimicked the
communication style of a known vendor contact.

Reconnaissance (Days 1-14): The loader established a command-and-control (C2) connection and
deployed a reconnaissance module that spent two weeks mapping the hospital network. The module
identified the Electronic Health Record (EHR) system, the medical imaging archive (PACS), the financial
management system, and — critically — the backup infrastructure: a major cloud-based backup solution
storing 8 TB of patient data.

Credential Harvest and Privilege Escalation (Days 15-21): Using a combination of credential dumping
tools and a zero-day exploit against an unpatched VPN concentrator, attackers obtained domain
administrator credentials. These credentials provided direct administrative access to the cloud backup
console.

Backup Neutralization (Days 22—23): Using the stolen backup administrator credentials, attackers silently
deleted all recovery points from the past 30 days and modified the retention policy to prevent new
recovery points from being stored. The backup software's alerting system — configured to notify IT staff
of administrative changes — was disabled using the same administrator credentials. The IT team was
completely unaware.

Attack Detonation (Day 24): The ransomware payload was deployed simultaneously across all networked
systems. Within 4 hours, the EHR system, imaging archive, and administrative systems were completely
encrypted. When IT staff attempted to initiate recovery from the backup system, they discovered that no
valid recovery points existed.

Impact: The hospital operated on paper records for 11 days. Three surgeries were cancelled due to
inability to access patient imaging. The final cost of the incident — including ransom payment of $3.2
million, emergency IT remediation, regulatory fines, legal costs, and the new backup infrastructure that
was ultimately required — exceeded $7.1 million.

This scenario would have been entirely different with Everabyte®'s immutable storage platform. The
stolen backup administrator credentials would have been meaningless: Everabyte®'s WORM-enforced
object lock means that no credential, regardless of privilege level, can delete or modify locked data within
the retention period. The backup data would have been intact. Recovery would have been initiated
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immediately, with Everabyte®'s 250 MB/s throughput enabling full restoration of the 8 TB backup set in
under 9 hours.

Financial Services: The Compliance Dimension

For financial institutions, ransomware represents a dual threat: the operational disruption of a successful
attack, and the regulatory consequences of data exposure. The financial services sector operates under
an extraordinarily complex regulatory framework — SOX, PCI-DSS, GLBA, Basel lll, and jurisdiction-
specific regulations — that creates specific data retention, availability, and integrity requirements that
must be continuously maintained.

A successful ransomware attack against a financial institution does not merely disrupt operations; it
potentially triggers regulatory reporting obligations, SEC disclosure requirements, mandatory notification
to customers and counterparties, and supervisory examinations that can last months. Regulators in the
U.S., EU, and UK have increasingly taken the position that an institution's failure to maintain genuinely
immutable data storage — storage that cannot be compromised by ransomware — represents a failure
of governance that can itself trigger enforcement action, independent of whether an attack actually
occurs.

The 2024 fintechs that suffered ransomware attacks with data exposure components faced average
regulatory fines of $18.4 million, on top of the direct recovery costs. The reputational damage in the highly
trust-sensitive financial services industry is harder to quantify but arguably more damaging over the long
term.

2025-2026: The Current State of Play

Entering Q1 2026, the ransomware threat landscape has reached a level of sophistication, scale, and
professionalization that would have seemed improbable five years ago. Several trends define the current
environment:

Nation-State Integration: The boundaries between cybercriminal organizations and state-sponsored
threat actors have become increasingly blurred. Ransomware groups operate with varying degrees of
state tolerance, direction, or active support from several jurisdictions. This means that ransomware
operators increasingly have access to nation-state-level offensive capabilities: zero-day exploits,
advanced persistent threat (APT) tooling, and intelligence resources.

Quantum Computing Proximity: While large-scale cryptographically-relevant quantum computers remain
several years from practical deployment, the security community has entered the "harvest now, decrypt
later" threat window. Ransomware actors are increasingly exfiltrating encrypted data with the intention
of decrypting it when quantum capabilities become available. This places additional urgency on
transitioning to post-quantum cryptographic standards for data protection.

Ransomware Insurance Crisis: The cyber insurance market has responded to escalating losses by
dramatically increasing premiums, tightening coverage terms, and — critically — increasingly requiring
that insured organizations maintain specific data protection standards, including immutable backup
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storage, as a condition of coverage. Organizations without immutable backups are finding that their cyber
insurance policies provide less coverage than assumed — or are being cancelled outright.

Recovery Time Expectations: As ransomware attacks have become more frequent and better
understood, business continuity expectations have tightened. Boards and executive teams that once
accepted multi-week recovery timelines now demand recovery within hours. This demand for speed —
in addition to security — is a primary driver of the migration from traditional backup to immutable cloud
storage with high-throughput recovery capabilities.

400+ $18.4M 14days 3 hrs

U.S. healthcare orgs Avg. regulatory fine for Avg. downtime with Avg. time to restore 1 TB with
attacked in 2024 financial sector breaches traditional recovery Everabyte®

The conclusion is unambiguous: the threat has evolved to a level where traditional backup approaches
— regardless of vendor, configuration, or management sophistication — cannot provide reliable
protection against a motivated, well-resourced ransomware operator. The only architectural response
adequate to this threat level is genuine, hardware-enforced immutability. The following chapters explain
precisely what that means, how it works, and how Everabyte® implements it.
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CHAPTER 2

Deep Dive Into Immutable Storage: What It Is and Why
It Is Essential

The word "immutable" is increasingly prevalent in cybersecurity marketing materials, and like many terms
that gain commercial traction, it has been diluted by imprecise use. Software vendors apply it to features
that are, upon technical scrutiny, neither truly immutable nor architecturally distinct from the traditional
backup systems they claim to supersede. This chapter provides a rigorous technical definition of genuine
immutability, explains the engineering mechanisms that enforce it, and draws a clear and consequential
distinction between true WORM storage and its various commercial impostors.

Understanding this distinction is not an academic exercise. As the previous chapter demonstrated, the
failure of traditional backup systems in the face of ransomware is not a configuration problem — it is a
consequence of architectural decisions made years or decades ago when the threat model was
fundamentally different. Selecting the wrong "immutable" solution today because its marketing materials
use the right language will lead to the same outcome: a backup system that a sophisticated attacker can
neutralize.

The Anatomy of Data Mutability: Why Writable Data Is Vulnerable Data

To understand immutability, we must first understand its absence. All traditional storage systems — hard
disk drives, solid-state drives, network-attached storage, conventional cloud object storage — operate
on the fundamental principle of read-write access. Data can be written, modified, overwritten, and
deleted. This is not a flaw in the traditional sense; it is a feature that enables normal system operation.
Operating systems update system files. Databases commit transactions. Users edit documents.
Applications log events. All of these operations require the ability to modify data.

The problem arises when this mutability is extended to backup and archive data that should be protected
from modification. When backup data is stored in a writable medium — even a cloud storage bucket with
sophisticated access control policies — it inherits all the vulnerabilities of that medium's write capabilities.
Access control policies can be modified by privileged users. Administrative credentials can be stolen.
API keys can be compromised. And in the context of a ransomware attack, all of these compromises are
standard operating procedure.

The fundamental security principle at stake is the separation of the write authorization (the ability to create
data) from the delete/modify authorization (the ability to change or remove existing data). Traditional
storage systems conflate these — the entity that can write can typically also delete. Immutable storage
architectures explicitly decouple them: write authorization exists during the initial data ingestion window,
but once the immutability lock is applied, delete and modify authorization is suspended — not merely
restricted, but architecturally eliminated.
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WORM Technology: A Technical Explanation

WORM — Write Once, Read Many — is the foundational technology of immutable storage. The concept
predates digital computing; archival practices in financial and legal sectors have long required records
that could be created but never subsequently modified, providing an audit trail with demonstrable
integrity. The physical manifestation of this principle was optical media: CD-R and DVD-R discs on which
data could be written once but never altered.

Modern enterprise WORM storage applies this principle at multiple layers of the storage stack, and the
layer at which immutability is enforced is critically important to its security properties.

Layer 1: Application-Level WORM (Pseudo-Immutability)

The weakest form of "immutable” storage implements write protection at the application layer. In this
model, the storage system is entirely writable at the hardware and filesystem level, but the backup
application enforces a policy that prevents users from deleting backup sets through the application's
interface. The immutability is a software convention, not a physical constraint.

The vulnerability is immediately apparent: any mechanism that can bypass the application layer — direct
APl access, operating system commands, compromised administrative credentials with direct storage
access — can delete the data. Ransomware routinely operates at the privilege level necessary to bypass
application-layer restrictions. This form of "immutability" offers essentially no protection against a
sophisticated attacker.

Layer 2: File System-Level WORM

More robust implementations enforce immutability at the file system level, where the operating system
itself is instructed to treat certain files or directories as write-protected after a locking operation. On
POSIX-compliant systems, this might involve setting the immutable file attribute using the chattr
command. On Windows systems, EFS-based write protection mechanisms can achieve similar results.

File system-level WORM is substantially more resistant to application-layer attacks but remains
vulnerable to two critical attack vectors: (1) privilege escalation to root or kernel-level access, which can
override file system attributes, and (2) the compromise of the file system itself through direct hardware
access or firmware vulnerabilities. A sophisticated ransomware operator with kernel-level access —
achieved through any of several well-documented privilege escalation techniques — can modify file
system metadata and circumvent this form of protection.

Layer 3: Object-Lock WORM (True Immutability)

True enterprise-grade WORM, as implemented by Everabyte®, enforces immutability at the object
storage level, independent of the operating system, application, or network stack. Object lock technology
— aligned with the S3 Object Lock specification and its enterprise extensions — applies an immutability
guarantee directly to individual data objects at the time of ingestion, enforced by the storage system's
own hardware and firmware.
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In an object lock implementation, when data is written to the storage system, the client specifies a
retention period and a lock mode. Two lock modes are standard in enterprise deployments:

» Governance Mode: Administrators with specific override permissions can remove the lock, but
the action is recorded in an immutable audit log and requires multi-party authorization. This mode
provides strong protection while allowing legitimate administrative operations.

e Compliance Mode: The lock cannot be removed by anyone — not by the storage administrator,
not by the vendor, not by the root user of the storage system. For the duration of the retention
period, the data is mathematically guaranteed to be unalterable. This is the mode that regulatory
compliance frameworks such as SEC Rule 17a-4 and FINRA Rule 4370 require for financial
services data retention.

Everabyte® implements both modes with full regulatory compliance validation, enabling organizations to
configure the appropriate protection level for each data classification.

Layer 4: Hardware-Level Enforcement

At the apex of the immutability hierarchy is hardware-level enforcement — physical or firmware-level
write protection that operates entirely independently of any software stack. Traditional WORM optical
storage implemented this at the physical layer; modern enterprise WORM implementations achieve
equivalent guarantees through dedicated storage controllers with firmware-enforced write protection
logic.

Everabyte®'s storage infrastructure incorporates hardware-level enforcement as a final backstop,
ensuring that even in the hypothetical scenario where all software and operating system layers are
compromised, the physical storage medium cannot be overwritten or erased during the lock period. This
multi-layer approach creates defense in depth at the storage layer itself — not merely at the perimeter.

The Analogy: A Sealed Vault With No Override

To make the distinction between pseudo-immutability and genuine WORM concrete, consider the
following analogy. Imagine a high-security vault used to store critical financial documents. A traditional
backup system is equivalent to a vault with a sophisticated electronic lock — but one where the master
key exists, is held by the vault administrator, and can be stolen or coerced. The vault appears secure
under normal circumstances, but a determined adversary who can obtain or steal the master key can
open it.

True WORM storage is equivalent to a vault that is sealed using a chemical process that permanently
fuses the door. No key exists. No combination exists. No administrator can open it. The vault will remain
sealed until a pre-specified date — set at the time of sealing — at which point the chemical bond degrades
naturally and the vault can be opened. Between sealing and that date, no force short of physical
destruction of the vault itself can access the contents.

The ransomware operator in this analogy may steal every key in the building, compromise every
administrator account, and have access to every administrative tool available. None of it matters. The
sealed vault — Everabyte®'s WORM-protected storage — is simply not subject to these attack vectors.

© 2026 Everabyte | Confidential & Proprietary Page 14



EVERABYTE | Immutable Storage Whitepaper | Q1 2026 www.everabyte.com

Snapshot-Based Backup: Why It Is Not Inmutable Storage

The most common point of confusion in the market is between immutable storage and snapshot-based
backup. Snapshot technology is powerful and important — but it is categorically different from immutable
storage in ways that matter enormously in a ransomware scenario.

A snapshot is a point-in-time copy of data, typically stored on the same storage system as the primary
data. Snapshots are space-efficient — they use pointer mechanisms to reference unchanged blocks
from the original data, only storing the differences (the "delta"). They can be created rapidly and at high
frequency, providing fine-grained recovery point objectives (RPOSs).

The critical limitation of snapshots from an immutability perspective is that they typically reside on writable
storage. While some implementations add "snapshot lock" features that prevent manual deletion of
specific snapshots, these locks are enforced at the software layer by the storage operating system —
meaning they are subject to all the bypass vulnerabilities of software-layer protection described above.
Furthermore, snapshots on the same physical system as the primary data are subject to hardware
failures, firmware vulnerabilities, and — in the case of cloud-hosted snapshots — to the cloud provider's
own security posture.

Perhaps most significantly for ransomware defense: modern ransomware specifically targets snapshot
deletion as a high priority step in the pre-encryption preparation phase. LockBit 3.0, BlackCat, and their
successors include dedicated snapshot deletion modules that enumerate and destroy Volume Shadow
Copies, VMware snapshot files, and cloud shapshot repositories using stolen administrative credentials
— all before the primary encryption payload is deployed.

Feature Traditional Backup Snapshot-Based Everabyte® WORM

Deletion Prevention Policy-based Software lock Hardware-enforced
(bypassable) (bypassable) (absolute)

Admin Override Yes (vulnerable) Yes (vulnerable) No (by design)

Ransomware Resistance Low Medium Absolute

Recovery Throughput 30-80 MB/s avg 50-120 MB/s 250 MB/s

Geographic Redundancy Typically 1-2 sites 1-3 sites 7 data centers

Audit Trail Limited Moderate Immutable audit log

Regulatory Compliance Partial Partial Full (GDPR, HIPAA, SOC 2)

RTO (50 TB restore) 4-8 days 1-3 days <12 hours
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The Immutability Spectrum: Choosing the Right Retention Strategy

Implementing immutable storage effectively requires careful consideration of retention policies — the
duration for which data is locked. Setting retention periods requires balancing several competing factors:

Regulatory Requirements: Many industries mandate specific minimum retention periods for various data
types. Healthcare organizations in the U.S. must retain certain patient records for a minimum of 6 years
under HIPAA. Financial services firms subject to SEC Rule 17a-4 must retain certain records for 6 years
with the first 2 years in immediately accessible storage. Understanding the applicable regulatory
framework is the foundation of any retention policy.

Threat Dwell Time: The average dwell time of a ransomware operator in a target environment before
detonation is currently 24 days. This means that even if ransomware operators begin poisoning backup
chains on Day 1 of their compromise, any backup data that has been immutably locked with a retention
period longer than 24 days is guaranteed to remain clean. A retention policy calibrated to the threat dwell
time creates a mathematical guarantee of at least one clean recovery point.

Storage Economics: Immutable storage has cost implications — data that cannot be deleted must be
retained for its full period regardless of whether it is still needed. Tiered retention policies that align
immutability windows with the criticality and regulatory status of different data types optimize the balance
between protection and cost efficiency.

Recovery Point Objectives (RPOs): The frequency of backup snapshots — hourly, daily, weekly —
determines the granularity of recovery options. High-frequency snapshots with immutable retention
provide the finest-grained RPOs but generate larger volumes of stored data. Everabyte®'s intelligent
deduplication and compression infrastructure minimizes the cost impact of high-frequency retention
without compromising the security properties of the immutable lock.

Immutability and Data Integrity: The Audit Trail Advantage

True immutable storage provides a benefit beyond ransomware protection that is increasingly valued by
compliance teams and auditors: a guaranteed, unalterable audit trail. Because WORM-protected data
cannot be modified, its integrity is mathematically provable. A hash of the data at ingestion time can be
verified against the hash at any future point — if the hashes match, the data is identical to what was
originally stored, with no possibility of tampering.

This integrity verification capability is increasingly required by regulatory frameworks and cyber insurance
policies. GDPR regulators assessing a breach notification want to know whether data was accessed or
modified during the incident period — a question that can only be answered with certainty if the data
protection system maintains an immutable record of all access events and the integrity of the data itself.

Everabyte®'s platform provides SHA-256 hash verification for every stored object at ingestion time, with
cryptographically signed integrity certificates available for regulatory and insurance purposes. Every
access event — read, attempted write, attempted delete — is logged to a separate, independently
immutable audit log that provides a complete chain of custody for stored data.
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The Five Non-Negotiable Properties of True Immutable Storage

1. Hardware-Enforced Write Protection: The inability to modify or delete locked data must be enforced
at the storage hardware or firmware level — not merely at the software or policy layer.

2. No Administrative Override: Within the retention period, no user, administrator, or vendor action
should be capable of removing the immutability lock. Any override capability, however restricted,
represents a potential attack surface.

3. Immutable Audit Log: All access events, administrative actions, and system events must be recorded
in a separately protected, WORM-locked audit log. If the audit log itself can be modified, it provides no
evidentiary value.

4. Geographic Distribution: The immutably protected data must be replicated across geographically
separated facilities to ensure that a physical disaster, power failure, or facility-level security incident
cannot eliminate all copies simultaneously.

5. Integrity Verification: The storage system must provide cryptographic proof of data integrity — the

ability to mathematically verify that stored data is identical to what was originally ingested, at any point
during the retention period.

Everabyte®'s platform satisfies all five properties. The following chapter details precisely how
Everabyte®'s engineering team has implemented these principles at production scale across a globally
distributed infrastructure.
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CHAPTER 3

The Everabyte® Immutable Architecture: World-Class
Engineering

Architecture is destiny in data protection. The security guarantees of any storage system are ultimately
bounded by the engineering decisions made at its foundation. Everabyte® was designed from the ground
up as an immutable-first platform — not a conventional storage system with immutability bolted on as a
feature, but a purpose-built architecture in which immutability is the primary design principle and every
other capability — performance, redundancy, compliance — is built around it.

This chapter provides a detailed technical examination of Everabyte®'s architecture: the global data
center network, the data distribution and replication mechanisms, the performance infrastructure, and
the compliance framework. It is intended to equip technical decision-makers with the information
necessary to evaluate Everabyte®'s claims against their own infrastructure requirements and to engage
in substantive technical due diligence.

The Everabyte® Global Infrastructure: Seven Data Centers

The foundation of Everabyte®'s durability and availability guarantees is its global network of seven Tier
Ill+ data centers, strategically located to provide geographic separation, regulatory jurisdiction diversity,
and optimized performance for enterprise customers across multiple continents.

Tier Ill+ data centers — the classification used across all Everabyte® facilities — are characterized by
N+1 redundancy across all critical systems: power, cooling, networking, and security infrastructure. This
means that every critical system has at least one complete, ready-to-activate redundant counterpart. The
"+" designation indicates that Everabyte®'s facilities exceed the standard Tier Il specification in several
areas, including concurrent maintainability for cooling systems and dual-path networking for all storage
nodes.

Data Center Locations and Regional Strategy

The seven Everabyte® data center locations are selected according to a multi-factor geographic
optimization framework that considers: network latency to major enterprise customer concentrations,
natural disaster risk profiles (seismic, flooding, severe weather), geopolitical stability and data sovereignty
considerations, renewable energy availability (Everabyte® maintains a commitment to 100% renewable-
powered operations), and proximity to major internet exchange points (IXPs) for optimal interconnect
performance.

The geographic distribution of the seven facilities ensures that no two facilities share the same seismic
zone, flood plain, or metropolitan power grid. This means that any plausible natural disaster scenario —
including a major earthquake, hurricane, or regional flooding event — can affect at most one Everabyte®
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facility simultaneously. Customer data replicated across all seven facilities is protected against any
single-region physical disaster with absolute certainty.

From a data sovereignty perspective, Everabyte®'s global footprint allows enterprise customers to
configure data residency policies that ensure specific data sets are stored exclusively within specific
jurisdictions — a critical capability for GDPR compliance (data of EU residents within EU facilities), data
localization requirements in regulated markets, and cross-border data transfer restrictions under various
national data protection frameworks.

Network Interconnect Architecture

The seven data centers are interconnected via a dedicated private fiber backbone — Everabyte® does
not rely on the public internet for inter-facility data replication. This private backbone provides several
critical advantages: deterministic latency (inter-facility replication latency is bounded and predictable, not
subject to public internet congestion), dedicated bandwidth that cannot be saturated by competing public
internet traffic, and an additional layer of security (inter-facility traffic is physically separated from internet
traffic).

The backbone operates at 100 Gbps between each facility pair, providing substantial headroom for
replication traffic even at peak data ingestion volumes. Replication traffic is prioritized using a Quality of
Service (QoS) framework that ensures critical replication operations are never starved of bandwidth even
when ingestion traffic is at maximum.

Data Fragmentation and Replication: The Durability Engine

The mechanism by which Everabyte® achieves its durability guarantees — the mathematical certainty
that data stored on the platform will be available for recovery regardless of hardware failures, regional
disasters, or malicious interference — is a proprietary combination of erasure coding and multi-site
replication.

Erasure Coding: Beyond Replication

Traditional replication creates complete copies of data at each replication target — if data is replicated
across three sites, three complete copies exist. Erasure coding is a mathematically superior approach
for large-scale data protection that achieves stronger durability guarantees with lower storage overhead.

In an erasure coding scheme, data is divided into k data fragments and n-k parity fragments (where n >
k). The fragments are distributed across separate storage nodes — in Everabyte®'s implementation,
across multiple data centers. The mathematical property of the erasure code ensures that any k
fragments out of the total n are sufficient to reconstruct the original data. Any n-k fragments can be lost
(due to node failure, data center failure, or any other cause) without losing the ability to recover the data.

Everabyte® uses a 10+4 erasure coding scheme for standard data durability, meaning each data object
is divided into 10 data fragments and 4 parity fragments, distributed across the seven data centers. Any
four fragments can be lost simultaneously without data loss. Because the seven data centers are in
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geographically separated regions, this provides protection against the simultaneous loss of up to four
entire data centers — a scenario that has no realistic precedent in the history of enterprise computing.

The mathematical durability guarantee of this architecture — expressed as the probability of data loss
over a given time period — is eleven nines (99.999999999%). To put this in perspective: this is equivalent
to losing one byte of data for every 10711 bytes stored, per year. At an Everabyte® storage scale of 1
petabyte, the expected data loss per year is effectively zero by any practical definition.

Multi-Layer Replication for Metadata

While data fragments are distributed via erasure coding, metadata — the index information that enables
rapid location and retrieval of specific data objects — is handled differently. Metadata must be available
with extremely low latency for any read operation, and its loss or corruption would impair the ability to
reconstruct data even if all data fragments are intact.

Everabyte® maintains a synchronized copy of all metadata in each of the seven data centers using a
strongly consistent distributed consensus protocol based on the Raft algorithm. Strong consistency
ensures that all seven metadata replicas reflect the same state — there is no possibility of serving stale
or inconsistent metadata that could lead to incorrect data reconstruction.

The Raft-based metadata consensus system is specifically designed to tolerate the loss of up to three
data centers (floor((7-1)/2) = 3 in a standard Raft configuration) without losing the ability to elect a new
leader and continue serving reads and writes. Combined with the 4-fault-tolerant erasure coding for data,
this provides consistent, multi-fault-tolerant operation across the entire platform.

The Immutability Implementation: Object Lock at Scale

Everabyte®'s immutability implementation is built on a proprietary extension of the S3 Object Lock
specification, hardened with several enterprise-specific enhancements that address limitations of the
standard specification in high-threat environments.

Object Lock Enforcement Architecture
When data is ingested into the Everabyte® platform, the following sequence occurs:
1. Data is received by the ingestion API endpoint, which validates the client credentials, enforces
rate limits, and performs an initial integrity check.

2. The data is divided into fragments by the erasure coding engine and distributed to storage nodes
across the seven data centers over the private backbone network.

3. Each storage node acknowledges receipt and writes the fragment to NVMe storage with an
atomically applied object lock record.

4. Once all 14 fragments (10 data + 4 parity) have been acknowledged, the ingestion API returns a
success response to the client with a cryptographically signed ingestion receipt containing the
object identifier, the hash of the original data, and the applicable lock parameters.
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5. The object lock record at each storage node is immediately replicated to the metadata layer and
cryptographically committed — at this point, no API call, administrative command, or hardware
operation can modify or delete the fragment for the duration of the retention period.

The critical security property of this architecture is that the object lock enforcement occurs at each storage
node independently — it is not controlled by a central lock manager that could itself be compromised.
Even if an attacker were to gain control of Everabyte®'s entire management plane, they could not use
that control to unlock or delete data at the storage node level. The lock is enforced by firmware on the
storage node itself.

Key Management and Access Control

Access to stored data — the "Read" part of WORM — is controlled through Everabyte®'s enterprise key
management system. Encryption keys for each customer's data are stored in a dedicated Hardware
Security Module (HSM) environment, isolated from operational infrastructure. Customers have the option
of managing their own encryption keys (Bring Your Own Key, or BYOK) using Everabyte®'s HSM
integration API, ensuring that Everabyte® staff themselves cannot access plaintext customer data.

Role-based access control (RBAC) with granular permission sets allows enterprise customers to
implement least-privilege access to their stored data. The minimum permission set for a read-only
recovery operation includes no write or delete permissions — meaning that if an attacker compromises
a recovery credential, they can read backup data but cannot perform any destructive action.

Multi-Factor Authentication (MFA) is mandatory for all Everabyte® management console operations. For
sensitive operations — including modification of retention policies, addition of new administrative users,
and access to audit logs — Everabyte® additionally requires a hardware FIDO2 security key as the
second factor, ensuring that phishing-resistant authentication is enforced at the highest privilege levels.

Performance Infrastructure: Engineering 250 MB/s Upload Throughput

Security without performance is insufficient for enterprise data protection. An immutable backup that
cannot be restored within an acceptable recovery time window fails to meet its fundamental purpose.
Everabyte®'s 250 MB/s upload throughput — four times the industry average of 60 MB/s — is not an
accident; it is the result of deliberate engineering decisions at every layer of the storage stack.

NVMe Cluster Architecture

At the storage layer, Everabyte® uses exclusively NVMe (Non-Volatile Memory Express) SSDs for all
data storage. NVMe is the current state-of-the-art in solid-state storage interface technology, providing
sequential read/write throughput of up to 7 GB/s per drive (compared to 500 MB/s for SATA SSDs and
approximately 150 MB/s for enterprise HDDs) and random 1/O latency measured in microseconds rather
than milliseconds.

Each Everabyte® storage node contains 24 NVMe drives in a custom-designed JBOD (Just a Bunch of
Drives) configuration, with a dedicated NVMe controller per drive for maximum parallelism. Storage
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nodes are clustered in groups of 12, with a high-bandwidth NVMe-over-Fabric (NVMe-oF) network
interconnecting nodes within each cluster. This clustering architecture allows 1/O operations to be
distributed across up to 288 NVMe drives simultaneously for a single large data transfer, achieving
aggregate throughput that far exceeds what any single storage device or node could deliver.

Mesh Processing Architecture

The compute layer responsible for data ingestion, erasure coding, and replication uses a mesh
processing architecture in which a pool of compute nodes collaborate on each ingestion task without a
single point of coordination. Traditional data center architectures use a hierarchical model — a central
coordinator assigns work to compute workers — which creates potential bottlenecks and single points of
failure at the coordinator level.

Everabyte®'s mesh architecture distributes coordination responsibility across the compute pool using a
consistent hashing ring, allowing each node to independently determine which fragments it should
process for any given object without requiring communication with a coordinator. This architecture scales
linearly — adding compute nodes to the mesh increases aggregate throughput proportionally, with no
architectural ceiling.

The erasure coding computations required to generate the 4 parity fragments from 10 data fragments
are performed using hardware-accelerated Galois Field arithmetic on modern server CPUs (specifically,
leveraging the CLMUL/PCLMULQDAQ instruction set available in x86-64 processors since 2010), which
delivers erasure coding throughput of approximately 40 GB/s per compute node. At Everabyte®'s scale,
the aggregate erasure coding capacity significantly exceeds the maximum network ingestion rate,
ensuring that the coding layer is never the performance bottleneck.

Network Optimization: The Zero-Copy Transfer Protocol

The network layer between client and Everabyte® platform is optimized using a proprietary protocol that
Everabyte®'s engineering team developed after determining that standard HTTP/HTTPS data transfer
was the primary bottleneck in achieving high upload throughput at the client side. Standard HTTPS
uploads involve multiple memory copy operations — data moves from application memory to kernel
memory to network buffers — each of which consumes CPU cycles and memory bandwidth.

Everabyte®'s transfer protocol implements a zero-copy transfer mechanism at the client library level,
using OS-level zero-copy primitives (sendfile on Linux, TransmitFile on Windows) to transfer data from
source to network socket with a minimum number of memory copy operations. The protocol additionally
supports multi-stream parallel upload — splitting a single large data transfer across multiple parallel TCP
streams — which dramatically improves effective throughput on high-bandwidth-delay-product (BDP)
network connections such as those typical between enterprise data centers and cloud infrastructure.

The combination of zero-copy transfer and multi-stream parallelism enables Everabyte® clients to
saturate available network bandwidth with upload traffic at significantly lower CPU overhead than
competing implementations, which matters in production environments where backup and recovery
operations compete with production workloads for CPU resources.
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Compliance and Governance Framework

Enterprise adoption of a new data protection platform requires confidence in its compliance posture —
the extent to which the platform's operations, controls, and documentation satisfy the requirements of
applicable regulatory frameworks. Everabyte® maintains continuous compliance with the major
frameworks relevant to enterprise data protection:

GDPR (General Data Protection Regulation)

Everabyte®'s EU data center facilities maintain all data subject to GDPR within EU jurisdictions, with no
cross-border transfers to non-EU countries without explicit contractual safeguards. Everabyte® supports
the full GDPR data subject rights framework, including the right to erasure — a feature that requires
careful implementation in an immutable storage context. Everabyte® resolves the tension between
GDPR's right to erasure and WORM immutability through cryptographic erasure: when an erasure
request is received for data within a locked retention period, the encryption key associated with that data
object is destroyed, rendering the stored ciphertext permanently inaccessible, while the ciphertext itself
remains in place to satisfy the structural integrity of the erasure coding scheme.

HIPAA (Health Insurance Portability and Accountability Act)

Everabyte® provides a HIPAA Business Associate Agreement (BAA) to healthcare customers,
establishing the contractual framework required for storing and processing Protected Health Information
(PHI). Everabyte®'s platform satisfies HIPAA's Technical Safeguard requirements, including: encryption
in transit (TLS 1.3) and at rest (AES-256), access control (RBAC with MFA), audit controls (immutable
access logging), and integrity controls (SHA-256 hash verification). The immutability architecture
additionally satisfies HIPAA's data integrity requirements with mathematical certainty — stored PHI
cannot be altered or deleted, providing a stronger integrity guarantee than any traditional backup solution.

SOC 2 Type ll

Everabyte® maintains SOC 2 Type Il certification across all five Trust Service Criteria: Security,
Availability, Processing Integrity, Confidentiality, and Privacy. The Type Il certification — as opposed to
Type | — is based on continuous monitoring over an extended audit period (minimum 6 months),
providing relying parties with evidence that controls are not merely designed correctly but operate
effectively over time. Everabyte®'s SOC 2 reports are available to enterprise customers under NDA upon
request.

Immutability Audit Reports

For enterprise customers with specific audit requirements, Everabyte® provides immutability audit
reports that document, for any specified time period: all objects stored during the period with their lock
parameters, all access events for stored objects, all administrative actions affecting object locks or
retention policies, and cryptographic proof of integrity for each stored object (SHA-256 hash at ingestion
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vs. current computed hash). These reports are generated from the immutable audit log and are
themselves cryptographically signed by Everabyte®, providing a legally defensible chain of custody for

stored data.
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CHAPTER 4

Performance Benchmarks: The Speed Advantage
That Defines Business Continuity

In the context of disaster recovery, speed is not merely a technical specification — it is the difference
between an incident and a catastrophe. Every hour that systems remain offline carries a quantifiable
cost: lost revenue, impaired customer relationships, regulatory exposure, and operational disruption that
compounds with time. The recovery time objective (RTO) — the maximum tolerable time between a
disaster and restoration of service — is arguably the single most important metric in evaluating a data
protection solution.

This chapter provides a rigorous quantitative comparison of Everabyte®'s performance against the
industry average, translates raw throughput figures into real-world recovery time scenarios, and
calculates the business value of Everabyte®'s performance advantage. The conclusion is unambiguous:
Everabyte®'s 250 MB/s upload throughput is not just a technical differentiator — it is a business continuity
enabler that fundamentally changes the economics of ransomware recovery.

Establishing the Benchmark: 250 MB/s vs. 60 MB/s

Everabyte®'s sustained upload throughput of 250 MB/s is measured under production conditions: a
standard enterprise deployment using the Everabyte® client software over a 10 Gbps WAN connection,
with erasure coding enabled, encryption active, and all seven data centers in replication. This is not a
laboratory maximum measured under ideal conditions; it is the performance that customers can expect
in production deployments.

The 60 MB/s industry average is derived from independent testing of the major enterprise cloud backup
platforms, conducted across multiple test methodologies by third-party benchmarking organizations in
2025. The average conceals significant variance — some platforms achieve 40 MB/s in real-world
conditions, while others approach 80 MB/s under optimal conditions — but 60 MB/s provides a statistically
defensible midpoint for comparative analysis.

The 4.17x throughput advantage that Everabyte® holds over the industry average is the result of the
architectural decisions described in Chapter 3: NVMe storage clusters, mesh processing architecture,
and the zero-copy transfer protocol. This advantage is consistent across tested data types and sizes,
though it is most pronounced for large sequential transfers (full backup restoration, bulk data ingestion)
due to the superior parallelism of Everabyte®'s multi-stream transfer protocol.

Recovery Time Scenarios: From Gigabytes to Petabytes

To make the throughput advantage concrete, the following analysis calculates recovery times for
representative enterprise data set sizes at both the Everabyte® and industry-average throughput rates.
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Data Volume Industry Avg. Everabyte® Time Saved Business Impact
(60 MBIs) (250 MBIs)

100 GB 28 minutes 6.7 minutes 21 minutes Negligible

1TB 4.6 hours 1.1 hours 3.5 hours $350K saved (avg.)

10 TB 46.3 hours 11.1 hours 35.2 hours $3.5M saved

50 TB 9.6 days 2.3 days 7.3 days $17.5M saved

100 TB 19.3 days 4.6 days 14.7 days $35M saved

500 TB 96.5 days 23.1 days 73.4 days $175M saved

1PB 193 days 46.3 days 146.7 days $350M saved

Note: Business impact calculations assume $100,000 per day in combined lost productivity and revenue
for a mid-sized enterprise. Actual figures vary significantly by industry and organization size; financial
services and healthcare organizations typically face substantially higher per-day costs.

The 50 TB Enterprise Scenario: A Detailed Analysis

A 50 TB backup data set is representative of a mid-to-large enterprise with multiple application servers,
a significant database footprint, and several years of retained backup data. Let us examine this scenario
in detail to understand what the performance difference means in practice.

Under the industry average (60 MB/s sustained throughput):

e Total transfer time: 9.6 days (approximately 231 hours)

» During this period, the organization operates in a degraded state — some systems may be
partially operational, but the full production environment cannot be brought back until restoration
is complete

* At $100K/day operational cost: $960,000 in operational losses during recovery period alone

e IT staff are fully dedicated to recovery operations, unable to perform other work: an additional
$50,000-$150,000 in staff costs

e Customer and partner impact begins at 48 hours: SLA penalties, contract risks, and relationship
damage accrue from Day 3 onward

Under Everabyte® (250 MB/s sustained throughput):

e Total transfer time: 2.3 days (approximately 55 hours)
e Full production environment restoration achievable within 3 days including validation and testing

¢ Operational losses: $230,000 (compared to $960,000 — a saving of $730,000 on operational
costs alone)

e Customer and partner impact is largely absorbed within the standard "weekend maintenance
window" expectations of most SLAs
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* Management reporting window: Incident can be reported as resolved within the same business
week in most cases

Speed is not merely a feature — it is the continuity of your business. Every hour of recovery time is
an hour your organization cannot serve its customers, honor its obligations, or operate at full capacity.
The performance difference between Everabyte® and traditional backup is measured not in
megabytes per second, but in millions of dollars of prevented loss.

— Everabyte® Engineering Team

Write Performance: Ingestion Speed and RPO Implications

Recovery performance is only half of the throughput equation. Write performance — the rate at which
new backup data can be ingested — determines the achievable Recovery Point Objective (RPO) for a
given data volume. The faster data can be written to the backup system, the more frequently complete
backup snapshots can be created, and the more recent the latest available recovery point.

For a 10 TB data set backed up at 60 MB/s (industry average), a complete backup takes approximately
46 hours. This means that a daily backup window — overnight and weekend — barely accommodates
a single full backup of this data volume, leaving organizations with at most one complete recovery point
per 24-48 hour cycle. In a scenario where ransomware operators spend three weeks in the environment
before detonating, a daily backup frequency means the most recent clean recovery point may be 21 or
more days old — representing 21 days of data that cannot be recovered.

At Everabyte®'s 250 MB/s write throughput, the same 10 TB complete backup completes in
approximately 11 hours, enabling daily full backups for significantly larger data sets, or multiple daily
backup windows for medium-sized data sets. For organizations with aggressive RPO requirements —
measured in hours rather than days — Everabyte®'s write performance enables a backup frequency that
was previously achievable only with expensive on-premises infrastructure.

Incremental Backup and Deduplication: Optimization at Scale

The throughput figures above apply to full backup transfers. In production deployments, most backup
operations transfer incremental data — only the blocks that have changed since the last backup — rather
than complete data sets. Everabyte®'s deduplication and compression pipeline further reduces the
volume of data actually transferred across the network, improving effective throughput for incremental
operations.

Everabyte®'s source-side deduplication technology identifies duplicate data blocks before transfer,
eliminating them from the network transfer entirely. For enterprise file server and database backup
workloads, deduplication ratios of 3:1 to 10:1 are common, meaning that the effective data transferred
per backup cycle is one-third to one-tenth of the nominal data change rate. Combined with LZ4
compression (chosen for its superior speed-to-ratio performance), the effective throughput for most
enterprise incremental backup workloads substantially exceeds the raw 250 MB/s figure.
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For enterprise customers with large, structured database environments — the highest-value targets in
any ransomware attack — Everabyte® provides native integration with the leading database backup
APIs (Oracle RMAN, SQL Server VDI, PostgreSQL pg_basebackup), enabling efficient, application-
consistent backup at the block level with minimal impact on database performance.

Network Requirements and Bandwidth Planning

Achieving Everabyte®'s rated 250 MB/s throughput requires adequate network bandwidth between the
customer environment and Everabyte®'s ingestion endpoints. The following table provides guidance on
network capacity requirements for common deployment scenarios:

Network Max Suitable For Full Backup (10 TB)
Connection Throughput
1 Gbps WAN ~125 MB/s Small-medium enterprise ~22 hours
10 Gbps WAN ~1,250 MB/s  Large enterprise ~11 hours
(Everabyte®
limit: 250)
100 Gbps WAN Everabyte® Enterprise / MSP ~11 hours
limit: 250 MB/s
10 Gbps DIA ~1,000 MB/s  Data center co-lo ~11 hours
(Everabyte®
limit: 250)
SD-WAN (100 ~12.5MBIs Branch office ~9.3 days
Mbps)

For large enterprise deployments where network bandwidth is the limiting factor, Everabyte® offers a
seed loading service: customers ship high-capacity NVMe drives to the nearest Everabyte® data center,
where initial backup data is loaded directly to the storage infrastructure at local speeds before replication
across the global network. This eliminates the initial upload bottleneck for large data sets, enabling
immediate production of a complete immutable baseline.

Recovery Performance Under Load: Concurrent Restoration

In a large-scale ransomware incident affecting multiple systems simultaneously — a common scenario
in modern attacks that target enterprise-wide encryption — multiple restoration operations may be
required concurrently. The performance profile of a backup system under concurrent load is significantly
different from single-stream performance figures.

Traditional backup systems frequently exhibit severe performance degradation under concurrent
restoration load, because their architecture typically involves a central media server or storage pool that
becomes a bottleneck when multiple restore jobs compete for its resources. In the most severe cases,
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concurrent restoration attempts actually reduce the effective throughput of each individual job as resource
contention increases.

Everabyte®'s distributed architecture handles concurrent restoration operations with minimal
performance degradation. Because each data object is reconstructed from fragments distributed across
seven data centers, and the reconstruction process is coordinated by the mesh compute pool rather than
a central server, multiple concurrent restoration jobs draw from a distributed resource pool that scales
with the number of concurrent operations. In testing with 10 concurrent 1 TB restoration jobs, Everabyte®
maintained an average per-job throughput of approximately 210 MB/s — a degradation of less than 16%
from single-job performance.
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CHAPTER 5

Case Studies and Use Cases: Everabyte® in the Field

The principles and architecture described in the preceding chapters are most compellingly illustrated
through real-world deployment scenarios. The following three detailed case studies — drawn from
representative enterprise environments across healthcare, financial services, and global logistics —
demonstrate how Everabyte®'s immutable storage platform performs under actual threat conditions, and
qguantify the business value delivered relative to the alternatives.

Note: The organizations described in these case studies are representative composites based on
documented ransomware incidents and Everabyte® deployment patterns. Specific identifying details
have been altered to protect customer confidentiality. The technical scenarios and financial figures are
accurate representations of real-world outcomes.

Case Study 1: Regional Health System — Ransomware Attack on
Critical Patient Infrastructure

Organization Midwestern Regional Health System (composite)

Sector Healthcare / Hospital Network

Data Volume 22 TB (EHR, PACS imaging, administrative)
Pre-Everabyte® Legacy cloud backup, daily snapshots, 30-day retention
Backup

Everabyte® 12 months before incident

Deployment

Attack Type Triple extortion — encryption + exfiltration + patient data threat

The Attack Timeline

Month 1 (Dwell): Attackers entered the health system's network via a compromised vendor VPN
credential. The vendor — a medical device maintenance contractor — had been issued credentials 18
months earlier and had not rotated them since. Over the following four weeks, attackers mapped the
network, identified the EHR system (Epic), and — crucially — identified both the legacy backup system
and the Everabyte® deployment running in parallel during a transition period.

Week 5: Attackers attempted to neutralize both backup systems using stolen IT administrator credentials.
The legacy backup system was immediately compromised — attackers deleted all 30 days of recovery
points and disabled alerting. The Everabyte® attack attempt failed completely: the stolen credentials
allowed the attacker to log into the Everabyte® management console, but the object locks on all stored
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data could not be removed. The attacker's session was logged by Everabyte®'s immutable audit system
with full detail.

Week 6 (Detonation): Ransomware was deployed across 847 endpoints and 12 servers. The EHR
system, PACS archive, administrative systems, and clinical decision support tools were encrypted
simultaneously. The ransom demand was $4.8 million with a 72-hour deadline, backed by a threat to
publish 3.1 million patient records on a public leak site.

The Response

The IT security team activated the incident response playbook within 2 hours of detection. Because the
Everabyte® backup was confirmed intact through the management console — with the immutable audit
log showing the failed deletion attempt, providing immediate evidence of attacker activity — the decision
was made immediately not to pay the ransom.

Recovery was initiated in parallel for all critical systems. The EHR system — the highest clinical priority
— was restored first. The 8.4 TB EHR dataset was restored from Everabyte® in 9.3 hours at an average
throughput of 250 MB/s. The PACS imaging archive (11.2 TB) was restored concurrently, completing in
12.5 hours. Administrative systems were brought back during the same window.

The health system was operating on restored systems within 18 hours of initiating recovery. Patient care
continuity was maintained throughout, with only a 6-hour period during which clinicians operated on
cached local data rather than the live EHR.

On the data exfiltration threat: Everabyte®'s encryption-at-rest with customer-managed keys meant that
the exfiltrated data — which the attackers had obtained before attempting to destroy the backup — was
encrypted with a key that the attackers did not possess and could not derive. The exfiltrated ciphertext
was worthless without the key. The publication threat was effectively neutralized.

Financial Outcome

Ransom paid: $0. IT remediation costs (forensics, endpoint rebuild): $380,000. Regulatory natification
and compliance costs: $95,000. Patient care impact costs: negligible (6-hour window with cached data).
Cyber insurance recovery (post-incident): $200,000. Net incident cost: approximately $275,000.

Comparable incident without Everabyte® (estimated based on healthcare industry averages for
organizations of similar size and data volume): ransom payment ($4.8M) + IT remediation ($780K) +
regulatory fines (HIPAA breach notification, potential OCR investigation) ($1.2M-$4.5M) + operational
losses during 14-day average recovery ($2.1M) + reputational/patient churn costs ($500K-$2M). Total
estimated cost without Everabyte®: $9.4M-$14.2M.

Everabyte® ROI in this incident: approximately 34-51x return on the cost of the Everabyte® enterprise
subscription.
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Case Study 2: Fintech Company — Regulatory Audit Simulation and
Ransomware Resilience Testing

Organization Mid-market Fintech (payments processing, composite)

Sector Financial Services / Fintech

Data Volume 8 TB (transaction records, customer data, audit logs)

Regulatory PCI-DSS Level 1, SOX, GDPR (EU operations)

Framework

Everabyte® Primary data protection solution (no legacy backup)

Deployment

Scenario Type Dual: regulatory examination + controlled attack simulation
Background

This fintech company processes approximately $2.3 billion in annual payment volume for e-commerce
merchants across 14 countries. As a PCI-DSS Level 1 merchant service provider, it is subject to the most
stringent tier of payment card security requirements, including quarterly penetration testing, annual on-
site audits by a Qualified Security Assessor (QSA), and mandatory data retention requirements for
transaction records.

The company engaged Everabyte® following a close call: a competitor payment processor had suffered
a ransomware attack that compromised their backup infrastructure, forcing a 9-day operational shutdown
that resulted in PCI-DSS non-compliance findings and an eventual $6.2 million fine from payment network
operators. The competitor's experience demonstrated that inadequate data protection could have
consequences not only for direct incident costs but for the ongoing ability to maintain card network
certification — effectively an existential risk for the business model.

The Regulatory Examination Scenario

Six months after deploying Everabyte®, the fintech company underwent its annual PCI-DSS QSA
examination. The QSA team — engaged to assess the data protection infrastructure — conducted a
comprehensive technical review of the Everabyte® deployment, focusing on three areas: data integrity
verification, access control adequacy, and audit trail completeness.

Data Integrity Verification: The QSA team selected a random sample of 500 transaction records stored
across different time periods in the Everabyte® system and requested SHA-256 integrity certificates for
each object. Everabyte® generated the certificates — including the original ingestion hash, the current
computed hash, and the cryptographic signature linking both to the immutability lock timestamp — in
under 4 minutes. All 500 verified successfully, with hash values identical to ingestion values,
demonstrating that no data had been modified since backup. The QSA team noted that this level of
cryptographically provable data integrity was not achievable with any traditional backup system they had
examined.
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Access Control Adequacy: A review of Everabyte®'s RBAC configuration confirmed that no single user
had permissions to both delete and read backup data — the principle of separation of duties was enforced
at the platform level. The mandatory hardware FIDO2 MFA requirement for administrative operations
was verified by attempting to perform administrative actions without the physical security key — all
attempts were correctly rejected.

Audit Trail Completeness: The QSA reviewed 12 months of audit logs from the Everabyte® immutable
audit system. Every data access event, administrative operation, and system event was logged with
timestamp, user identity, IP address, and operation result. The audit logs themselves were stored in a
separately locked Everabyte® namespace, preventing modification. The QSA team classified the audit
trail as exceeding PCI-DSS requirements.

The Controlled Ransomware Simulation

Three months later, the company engaged a red team to conduct a controlled ransomware simulation
— testing whether the Everabyte® backup infrastructure could be compromised using the tools and
techniques characteristic of current ransomware operators. The red team was provided with credentials
equivalent to a compromised IT administrator account.

Over four hours, the red team attempted every known technique for backup neutralization: direct API
calls to delete objects, modification of retention policies, deletion of the immutable audit log, extraction
of encryption keys, and attempting to create fake ingestion events to corrupt the backup chain. Every
destructive operation was rejected by the Everabyte® platform's object lock enforcement. Every attempt
was logged in the immutable audit system with full forensic detail — sufficient to identify the red team's
simulated attack pattern, timeline, and tools. The integrity of all 8 TB of backed-up data was verified post-
simulation with no modification.

The red team lead's assessment: "We were unable to compromise the backup data or the audit trail
despite having credentials equivalent to a real ransomware operator. The only path to data destruction
we could identify would require physical access to Everabyte®'s hardware — which is behind the physical
and network security of their Tier Ill+ data centers."

Business Impact

The dual validation — regulatory examination and red team simulation — provided the fintech company
with a defensible, documented record of its data protection posture that satisfied both auditors and the
board. The company's cyber insurance renewal resulted in a 31% premium reduction, with the insurer
explicitly citing the Everabyte® deployment and associated documentation as justification. The total
annual Everabyte® platform cost was recovered within the first year through the insurance premium
reduction alone.
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Case Study 3: Global Logistics Provider — Supply Chain Attack and
Multi-Region Recovery

Organization European Logistics & Supply Chain Provider (composite)
Sector Logistics / Supply Chain Management

Data Volume 85 TB across 14 subsidiaries in 8 countries
Infrastructure Multi-cloud + on-premises hybrid, 3,200 endpoints
Everabyte® Enterprise multi-tenant with per-subsidiary isolation
Deployment

Attack Type MSP-vectored supply chain attack affecting 6 subsidiaries

The Supply Chain Attack Vector

This scenario illustrates the supply chain attack vector — one of the most dangerous and rapidly growing
ransomware methodologies. The logistics company's six European subsidiaries were managed by a
shared IT managed service provider (MSP) that provided remote monitoring, patch management, and
backup services. This MSP was itself compromised by ransomware operators who then used the MSP's
privileged remote access tools to deploy ransomware simultaneously across all six subsidiary networks.

The attack detonated simultaneously at 3:47 AM local time on a Monday — specifically timed to maximize
the window before IT staff arrived at work. Within 90 minutes, all six subsidiaries had their production
systems fully encrypted. The MSP's own backup infrastructure — which the attackers had accessed
through the MSP's compromised management console — was destroyed completely before the
production ransomware was deployed.

The critical distinction: the six affected subsidiaries used Everabyte® as their immutable backup platform,
configured independently of the MSP's managed backup service. The MSP's compromised
administrative credentials provided access to the MSP's management systems, but not to the individual
subsidiaries' Everabyte® accounts, which were provisioned directly by the parent logistics company's
security team.

The Recovery Operation

The scale of the recovery operation — 85 TB across six subsidiaries in multiple countries — was
unprecedented for the logistics company's IT team. The Everabyte® enterprise management console
provided a centralized view of all six subsidiary backup environments, enabling the security team to
confirm the integrity of all backup data and initiate coordinated recovery across all subsidiaries
simultaneously.

Everabyte®'s platform handled concurrent restoration across six simultaneous, large-scale recovery jobs
— a workload that would have overwhelmed traditional backup infrastructure — by dynamically allocating
reconstruction resources from its distributed compute pool. The six concurrent restorations ran at an
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average of 195 MB/s each (a modest degradation from the single-stream 250 MB/s due to resource
sharing), enabling the complete 85 TB to be restored in approximately 18 hours.

A recovery operation of this scale would have taken 96+ hours under industry-average throughput
conditions — more than four full days during which the logistics company would have been unable to
track shipments, communicate with customers, or process orders. The 78-hour reduction in recovery
time directly preserved approximately $3.1 million in revenue that would otherwise have been lost during
the extended downtime.

The Geographic Redundancy Advantage

The supply chain attack scenario also demonstrated the concrete value of Everabyte®'s 7-data-center
redundancy. During the recovery operation, one of the seven Everabyte® data centers experienced a
scheduled network maintenance window that temporarily reduced its capacity. Because data is
distributed across all seven centers using erasure coding, the temporary reduction in one center's
availability had no impact on recovery throughput — the reconstruction engine simply drew the required
fragments from the remaining six centers, compensating automatically for the reduced availability of the
seventh.

This behavior exemplifies the "no single point of failure” property of Everabyte®'s architecture: the
redundancy is not theoretical. It actively compensates for real-world infrastructure events — planned
maintenance, hardware failures, network disruptions — without any manual intervention or performance
impact visible to the customer.

Post-Incident Analysis: MSP Risk Management

Following the incident, the logistics company engaged Everabyte®'s professional services team to
implement enhanced access controls specifically addressing the MSP risk vector. The implemented
controls included: separate Everabyte® tenant credentials for each subsidiary (ensuring that
compromised MSP credentials cannot access subsidiary backup data), mandatory hardware MFA for all
management console operations, IP allowlist restrictions limiting console access to specific corporate IP
ranges (preventing access from MSP network addresses), and automated alert notifications to the parent
company CISO for any management console access event.

These controls transform the MSP relationship from a security liability into a managed risk — the MSP
retains the operational access it needs for day-to-day management while being architecturally prevented
from accessing backup data in ways that could enable supply chain attack scenarios.
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CHAPTER 6

The Everabyte® Roadmap: 6x CDN Acceleration and
the Future of Post-Quantum Security

Everabyte®'s commitment to technical leadership is not a static proposition. The threat landscape is
evolving continuously, and so is Everabyte®'s platform. This chapter describes the next major capability
milestones on the Everabyte® product roadmap — beginning with the Q2 2026 6x CDN acceleration
initiative — and provides insight into Everabyte®'s research programs in post-quantum cryptography and
next-generation immutability technologies.

The roadmap is presented not merely as a marketing preview but as a substantive technical discussion
of the problems these capabilities are designed to solve and the engineering approaches being deployed
to solve them. Enterprise customers making multi-year data protection commitments deserve to
understand not just where a vendor is today, but where it is going and why.

Q2 2026: 6x CDN Acceleration Initiative

Everabyte®'s 6x CDN acceleration initiative, scheduled for production deployment in Q2 2026, addresses
the performance dimension of global enterprise deployments — specifically the challenge of providing
consistently high throughput for enterprises with distributed operations across multiple regions.

The Challenge: Last-Mile Performance in Global Deployments

Everabyte®'s current 250 MB/s throughput is measured from the network edge of its data center facilities.
Enterprise customers whose data center or cloud environments are co-located near an Everabyte®
facility experience this performance directly. However, enterprises with distributed operations — branch
offices, remote sites, cloud workloads in non-Everabyte®-proximate regions — may experience higher
latency and lower effective throughput on the WAN path between their environment and the nearest
Everabyte® ingestion point.

This is the "last-mile” performance challenge that affects all cloud storage providers: the backbone
network is fast, but the connection between the enterprise and the cloud infrastructure is limited by
whatever WAN connectivity the enterprise has available. While Everabyte®'s zero-copy transfer protocol
and multi-stream parallelism minimize the impact of latency on throughput, the fundamental physics of
network propagation delay cannot be entirely overcome in software.

The CDN acceleration initiative addresses this challenge by deploying Everabyte® presence points at a
significantly larger number of internet exchange points and colocation facilities globally — bringing
Everabyte® ingestion infrastructure physically closer to enterprise customer locations, reducing the last-
mile network distance and therefore the latency impact on throughput.
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The 6x Acceleration Mechanism

The 6x throughput improvement projected for the CDN acceleration initiative is achieved through several
complementary mechanisms:

Edge Ingestion Points: New Everabyte® presence points at internet exchange facilities in 40+ additional
cities globally will reduce the average distance between enterprise client and Everabyte® ingestion
infrastructure from a global average of approximately 1,200 km today to under 200 km for 85% of
enterprise internet traffic. The latency reduction from 1,200 km to 200 km translates directly to a higher
effective throughput ceiling for TCP-based transfers, which are fundamentally limited by the bandwidth-
delay product of the network path.

QUIC Protocol Support: The CDN acceleration initiative includes migration from TCP/TLS to QUIC (Quick
UDP Internet Connections) as the primary transport protocol for Everabyte®'s transfer protocol. QUIC
was developed by Google and standardized by the IETF (RFC 9000) specifically to address TCP's
performance limitations on high-latency or packet-loss-prone networks. QUIC's key advantages for
backup transfer workloads include: faster connection establishment (0-RTT for known destinations),
elimination of head-of-line blocking (packet loss on one stream doesn't block other streams), and built-in
connection migration (network path changes don't interrupt in-progress transfers). These properties
improve effective throughput by 30-50% on typical enterprise WAN connections.

Adaptive Multi-Path Transfer: The CDN network will enable Everabyte® clients to simultaneously use
multiple network paths to different edge ingestion points, combining their available bandwidth. An
enterprise site with two 1 Gbps internet connections to different ISPs can use both connections
simultaneously for Everabyte® transfers, effectively doubling available bandwidth for backup operations.

Edge-Local Deduplication Cache: Each CDN edge point will maintain a local deduplication cache
containing fingerprints of recently transferred data. This enables source-side deduplication to be
performed against the edge cache rather than requiring a round-trip to the core data center for
deduplication lookups — further reducing the latency impact on incremental backup operations.

Customer Impact: Revised Performance Projections

Following CDN acceleration deployment, Everabyte® projects the following performance improvements
for globally distributed enterprise customers:

Customer Location Current Post-CDN Improvement
Throughput Throughput

U.S. Major Metro (near DC) 250 MB/s 250 MB/s No change (already

optimal)

U.S. Secondary City 180-220 MB/s 245-250 MB/s +14% to +39%

Western Europe 160-200 MB/s 240-250 MB/s +25% to +56%

Asia-Pacific Metro 90-140 MB/s 220-245 MB/s +75% to +144%

Latin America 70-110 MB/s 200-230 MB/s +109% to +229%

Middle East / Africa 50-90 MB/s 180-220 MB/s +144% to +340%
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The most dramatic improvements are in regions where current network infrastructure creates the largest
last-mile latency penalties. For multinational enterprises with significant operations in Asia-Pacific, Latin
America, or MENA regions, the CDN acceleration initiative will for the first time provide recovery
throughput sufficient to meet aggressive RTO requirements from all global locations.

Post-Quantum Cryptography: Preparing for the Quantum Threat

The emergence of quantum computing as a practical technology — expected within the next 3 to 10 years
— poses a fundamental challenge to the cryptographic infrastructure underpinning modern data security.
This section explains why quantum computing threatens current cryptographic standards, what "harvest
now, decrypt later" attacks mean for data stored today, and how Everabyte® is preparing its platform for
the post-quantum era.

Why Quantum Computing Breaks Current Cryptography

Modern asymmetric cryptography — the technology underlying TLS, SSH, PKI, and virtually every secure
communication protocol — relies on the computational difficulty of certain mathematical problems:
factoring large numbers (RSA), solving the discrete logarithm problem (Diffie-Hellman, ECDSA).
Classical computers require exponentially increasing computation time to attack these problems as key
sizes increase — which is why a 2048-bit RSA key is considered secure against classical attacks.

Quantum computers running Shor's algorithm can solve both the integer factorization problem and the
discrete logarithm problem in polynomial time — meaning that a sufficiently powerful quantum computer
could break RSA-2048 encryption in hours rather than the billions of years required by a classical
computer. The consensus among cryptographers is that quantum computers capable of running Shor's
algorithm at the key sizes currently in use will emerge within the next 3 to 10 years, with some estimates
suggesting the lower end of that range is more likely.

Symmetric cryptography (AES) is more resistant but not immune. Grover's algorithm provides a quadratic
speedup for symmetric key searches, effectively halving the key length security margin — meaning AES-
128 would provide only 64-bit security against quantum attacks. AES-256, however, maintains 128-bit
security against Grover's algorithm, which remains computationally infeasible even for quantum
computers.

The Harvest Now, Decrypt Later Threat

The "harvest now, decrypt later" (HNDL) attack is particularly relevant to immutable storage. In this attack
model, adversaries — including nation-state actors and sophisticated cybercriminal organizations — are
currently exfiltrating encrypted data that they cannot presently decrypt, with the intention of decrypting it
once quantum computing capabilities become available. This threat is not hypothetical: multiple
intelligence community assessments have concluded that nation-state-level adversaries have been
engaged in large-scale HNDL data collection for several years.
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For organizations storing sensitive data in immutable storage, the HNDL threat means that data
encrypted today with RSA-2048 or ECDSA may be decryptable in the future. Data with a long sensitivity
lifetime — classified research, long-term financial records, personal health information that must remain
confidential for decades — is particularly at risk. An organization that stores such data today using
guantum-vulnerable encryption is making a security commitment that may not hold for the duration of the
data's required confidentiality period.

Everabyte®'s Post-Quantum Research Program

Everabyte®'s cryptography research team has been engaged in post-quantum cryptography (PQC)
research since 2023, in collaboration with academic partners and aligned with the NIST Post-Quantum
Cryptography Standardization Project, which finalized its first PQC standard algorithms in 2024:
CRYSTALS-Kyber (key encapsulation) and CRYSTALS-Dilithium (digital signatures).

Everabyte®'s PQC roadmap includes three phases:

Phase 1 (Completed — 2025): Migration of all inter-facility backbone communications from RSA-based
key exchange to hybrid TLS using CRYSTALS-Kyber for key encapsulation, providing quantum-resistant
key agreement for all data in transit between Everabyte® data centers. This migration was transparent
to customers and required no changes to client software.

Phase 2 (In Progress — H1 2026): Migration of customer-facing TLS endpoints to hybrid PQC key
exchange, providing quantum-resistant protection for all data in transit between enterprise customer
environments and Everabyte® ingestion points. The hybrid approach — combining classical ECDH with
CRYSTALS-Kyber — maintains compatibility with current client software while adding PQC protection.

Phase 3 (Planned — H2 2026): Introduction of PQC-encrypted storage for new data objects, using
CRYSTALS-Kyber-derived symmetric keys for data-at-rest encryption. Existing stored objects will be re-
encrypted using PQC keys on a scheduled rolling basis, beginning with the longest-retention (highest-
sensitivity) data sets. Customers with specific PQC requirements will have the option to accelerate this
migration through the management console.

The Everabyte® Innovation Roadmap: Beyond 2026

Looking beyond the immediate milestones of Q2 2026, Everabyte®'s engineering team is engaged in
several research and development programs that will define the platform's capabilities in the 2027—2029
timeframe:

Al-Powered Anomaly Detection: Integration of machine learning models trained on normal backup traffic
patterns to detect anomalous data ingestion behavior that may indicate ransomware activity — such as
a sudden acceleration in the rate of data change (which accompanies mass file encryption) — and
automatically trigger incident response workflows. This provides a proactive early warning system that
can detect ransomware activity hours before the primary payload detonates.

Immutable Disaster Recovery Orchestration: Extension of the immutability platform to include
orchestrated disaster recovery capabilities — pre-defined recovery playbooks that can be triggered from
the Everabyte® management console and automatically provision replacement infrastructure in cloud
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environments (AWS, Azure, GCP) using stored configuration data, executing a complete environment
restoration without manual infrastructure provisioning.

Zero-Trust Storage Architecture: Implementation of a zero-trust model for storage access that assumes
no network or credential-based trust, requiring explicit cryptographic attestation for every storage
operation regardless of the network path or credentials used. This eliminates the residual risk of network-
based attacks against the storage API even in cases of sophisticated network intrusion.

Verifiable Data Provenance with Blockchain Anchoring: For regulatory and legal contexts requiring the
highest possible standard of data authenticity proof, Everabyte® is developing a blockchain anchoring
feature that publishes cryptographic commitments of stored data hashes to public blockchain networks
at the time of ingestion. This provides a timestamped, immutable, independently verifiable record of data
existence and integrity that is entirely independent of Everabyte®'s own infrastructure — creating an
unimpeachable chain of provenance for regulated data.
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CONCLUSION

The Case Is Clear. The Solution Is Here.

Throughout this whitepaper, we have constructed a comprehensive case — technical, commercial, and
strategic — for why immutable storage is the only adequate foundation for enterprise data protection in
the ransomware era. Let us consolidate the key arguments before turning to the question of what your
organization should do next.

The Threat Is Real and Quantified

Ransomware in 2026 is a professional, sophisticated, and extraordinarily well-resourced criminal
industry. Average recovery costs of $4.5 million per incident are not abstract statistics — they represent
actual losses suffered by actual organizations, many of whom had what they believed were adequate
backup systems in place. The 73% failure rate of traditional cloud recovery is not a marketing claim; it is
a documented outcome of the systematic backup neutralization techniques that modern ransomware
operators deploy before detonating their encryption payloads.

The industries most severely impacted — healthcare, financial services, logistics, manufacturing — are
those that can least afford operational disruption. A hospital that cannot access patient records puts lives
at risk. A financial institution that loses transaction data faces regulatory consequences that can be
existential. A logistics provider that cannot track shipments loses customer relationships that took years
to build. For these organizations, the question of data protection is not merely a technical one — it is a
guestion of organizational survival.

The Architecture Is the Answer

We have demonstrated with technical rigor that the failure of traditional backup systems is not incidental
or correctable through better configuration. It is architectural. Systems that store backup data in writable
media — regardless of the access control policies layered on top — can have those controls
circumvented by a sophisticated attacker with stolen administrative credentials. This is not a hypothetical
vulnerability; it is the actual exploit being used in the majority of successful ransomware attacks today.

True immutability — enforced at the hardware and firmware level, with no administrative override
capability during the retention period — is the only architectural response that provides a deterministic
guarantee of backup integrity. Not a probabilistic guarantee based on the assumption that attackers
cannot obtain privileged credentials. A deterministic guarantee: the data cannot be deleted or modified,
full stop, regardless of who asks.

Everabyte®'s platform provides this guarantee through its WORM-enforced object lock implementation,
validated by independent security testing, certified against major regulatory frameworks, and proven in
production deployments across healthcare, financial services, logistics, and enterprise technology
sectors.
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The Performance Makes It Practical

Security architecture must be evaluated not only for its theoretical guarantees but for its practical
operationality. A backup system that cannot restore data within an acceptable timeframe provides only
partial protection — it prevents data loss but cannot prevent prolonged operational disruption.
Everabyte®'s 250 MB/s recovery throughput — four times the industry average — transforms the
recovery scenario from a multi-week ordeal into a business-manageable incident measured in hours or
days.

This performance advantage is not a benchmark artifact. It is delivered by the combination of NVMe
storage clusters, mesh processing architecture, and zero-copy transfer protocol described in detail in
Chapter 3. It is maintained under concurrent load, validated by customer deployments, and is set to
improve significantly further with the Q2 2026 CDN acceleration initiative.

The ROI Is Compelling

For every $1 invested in Everabyte®'s enterprise immutable storage, the expected value of prevented
losses — based on the documented $4.5 million average ransomware recovery cost and the 73%
traditional backup failure rate — significantly exceeds 10:1 across typical enterprise deployment
scenarios. In documented deployment outcomes such as those described in Chapter 5, realized ROI has
exceeded 34:1 in a single incident.

Cyber insurance markets — which now quantify organizational security posture with actuarial precision
— confirm this assessment. Organizations with Everabyte® deployments consistently report insurance
premium reductions of 20-35% at renewal, as insurers recognize that the reduction in expected
ransomware recovery loss is directly attributable to the immutability guarantee.

$4.5M  73% 4x 7

Avg. recovery cost without Traditional cloud Faster recovery vs.

: : . Global Tier Ill+ data centers
immutable storage recovery failure rate industry average

The Future Is Post-Quantum Ready

Everabyte®'s investment in post-quantum cryptography research ensures that data protected today will
remain protected as the quantum computing era arrives. Organizations making data protection decisions
today are effectively making commitments about the security of data that may remain sensitive for 10,
20, or 30 years. Only a vendor with an active, resourced PQC research program and a concrete migration
roadmap can provide the assurance that today's protection will remain adequate for that timeframe.
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What You Should Do Now

The path from this whitepaper to protected data is straightforward. Everabyte® offers enterprise
customers a structured engagement process designed to minimize friction and maximize the speed of
protection:

6. Free Immutability Assessment: Our security engineering team will analyze your current backup
architecture and provide a documented assessment of its ransomware resilience — identifying
specific vulnerabilities and quantifying the risk exposure in financial terms.

7. Proof of Concept Deployment: A fully functional Everabyte® deployment in your environment,
seeded with a representative subset of your backup data, operating alongside your existing
backup infrastructure for 30 days. You experience the performance, validate the security
properties, and review the compliance documentation — all at no cost and no risk to your
production environment.

8. Migration Planning: Our professional services team will develop a phased migration plan that
transitions your backup workloads to Everabyte® without disrupting your existing operations, with
defined milestones, success criteria, and rollback options at each phase.

9. Production Deployment and Ongoing Support: Enterprise-grade support with a dedicated
customer success manager, 24/7 technical support SLA, and regular security briefings from the
Everabyte® Threat Intelligence Unit.

The average cost of a ransomware attack is $4.5 million. The cost of inaction is not zero — it is the full
expected value of an incident that industry data says is increasingly likely to occur. The organizations
that have already made the transition to immutable storage have done so because they understand that
the question is not whether ransomware will target them, but whether their data will survive when it does.

Everabyte® exists to ensure that the answer is always yes.

Document Information

Title: The Immutable Storage Revolution — Why Ransomware Can No Longer Win
Publisher: Everabyte® Threat Intelligence Unit | www.Everabyte®.com

Publication Date: Q1 2026

Classification: Public — For Distribution

Format: PDF < 43 pages

© 2026 Everabyte | Confidential & Proprietary Page 43



