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Deduplication has been part of the storage industry’s vocabulary for nearly two decades, but not all 
implementations deliver the same results. Some vendor approaches have included bolting it on later 
or retrofitting it into systems never designed for it. A handful built it into their architectures from the 
first line of code. The differences in approach have consequences, including performance bottlenecks, 
hidden costs, and risks to data integrity. The implementation methods can also limit scope, resulting in 
silos of deduplication rather than an infrastructure-wide deployment for maximum efficiency.

Deduplication’s value is at its highest when it is native, inline, and global, allowing it to be 
deployed without silos across the entire infrastructure. Other approaches force trade-offs in 
performance, capacity efficiency, or resiliency. This paper compares how major vendors implemented 
deduplication, highlights the hidden costs of compromised approaches, and references VergeOS as 
an example of a platform that embeds deduplication into the entire infrastructure stack—storage, 
hypervisor, networking, and AI—all within a single codebase.

Based on years of vendor implementations and real-world performance, the requirements for true 
deduplication are clear:

•	 Native from the first line of code: Deduplication must be embedded in the storage code 
base from inception. Retrofits or bolt-ons always add complexity.

•	 Inline: Redundancy must be eliminated before blocks hit storage or traverse the network. 
Post-process deduplication is too late.

•	 Global: Efficiency must extend across volumes, systems, sites, and use cases (production, 
backup, DR). Local-only deduplication is insufficient.

•	 Integrated into the infrastructure software: Deduplication cannot stop at the storage 
boundary. It must extend into the hypervisor, networking, and now AI workloads—all 
operating within a single code base.

Any architecture that fails to meet these requirements cannot credibly claim to deliver deduplication 
without compromising its effectiveness.

It feels almost cliché to mention “exploding data growth.” Of course data is growing—it always 
has. The real issue is that IT budgets and staff aren’t keeping pace with the growth and criticality of 
data. This imbalance exposes every weakness in infrastructure design.

Deduplication should be a solution to this challenge; however, many implementations exacerbate 
the problem. Site-specific deduplication forces rehydration and re-deduplication between sites. 
Post-process deduplication creates latency in critical paths. Retrofits consume far more CPU and 
RAM than necessary to hide their inefficiencies. Instead of solving the problem, compromised 
deduplication architectures introduce hidden costs, operational friction, and increased risk.

Requirements for Deduplication Without Compromise

Understanding Deduplication



AFA REPLACEMENT KIT
Native solutions embed deduplication from their first release. Pure Storage FlashArray and 
VergeOS both made deduplication part of the storage services at inception, integrating it into the 
core metadata structures and operating it transparently inline. These products deliver global scope 
and “always-on” behavior, giving customers predictable efficiency without performance trade-
offs—what is best described as deduplication without compromise.

BOLT-ON LATER
Others bolted deduplication on later. EMC VNX, HPE 3PAR, and early versions of IBM Storwize and 
NetApp ONTAP all began life without deduplication and added it in subsequent releases. In these 
systems, deduplication functions as a separate process or optional module, creating complexity 
and limiting efficiency to specific volumes or use cases. Because deduplication metadata is 
maintained separately from the storage system’s native metadata, limiting performance impact is a 
constant concern. In these designs, data must be rehydrated and re-deduplicated when it moves 
across environments. This is not deduplication without compromise; it is a patch that creates new 
inefficiencies even as it saves incremental space.

INTEGRATED LATER
A third group represents platforms that eventually integrated deduplication into their core stack, 
but not from the outset. VMware vSAN introduced deduplication in version 6.2 (2016), two years 
after the product’s debut, requiring significant metadata restructuring. Nutanix DSF followed a 
similar path, with deduplication arriving later and gradually refined in subsequent AOS releases. 
ZFS belongs in this category, as it added deduplication in late 2009, four years after its initial 
release. The retrofits have a common metadata layer, and while stronger than bolt-on designs, they 
do suffer from compromises.

For deduplication to deliver lasting value, it cannot be treated as an optional feature or a bolt-on 
service. It must be integrated into storage services from the outset, which enables deduplication-
aware metadata structures at the core. Anything less introduces compromises that either erode 
performance, diminish capacity efficiency, or increase operational risk. 

Understanding the Approaches to Deduplication

Why Deduplication Must Be Native, Inline, and Global



INLINE VS. POST-PROCESS
Deduplication that is not inline forces data to be written in full before redundancy is removed, 
adding unnecessary I/O and delaying savings. Post-process deduplication may free capacity later, 
but it does so at the expense of performance in the critical path. Inline operation, by contrast, 
ensures that duplication is eliminated before blocks consume bandwidth or storage, preserving 
both performance and efficiency.

GLOBAL SCOPE AND DISASTER RECOVERY
Equally important is scope. Deduplication confined to a single volume, system, or use case solves 
a part of the data efficiency problem, but not all of it. Localized deduplication requires data to 
be rehydrated, retransmitted, and re-deduplicated across backup, disaster recovery, or multi-site 
scenarios. This repetition inflates network traffic, wastes compute cycles, and inflates capacity needs.

The difference becomes dramatic in disaster recovery environments where a core data center may 
support a dozen or more remote sites, branch offices, or venues. With global deduplication, once 
a block of data has been replicated from one site, it is now present at the core. Subsequent remote 
sites that need to send the same data reference what is there. As a result, only unique blocks 
traverse the WAN, not redundant data. The result is reduced network traffic, faster protection, 
and lower bandwidth requirements. IT can maintain efficient replication without upgrading to 
expensive, high-capacity WAN links for every site.

By contrast, products that limit deduplication to the core site, system, or volume force each 
branch or edge location to send its entire dataset across the WAN. The central system then 
deduplicates all that data after the fact. This architecture has two consequences: first, it drives up 
WAN subscription costs because every site must provision more bandwidth than it needs; second, 
it slows down the time to protection at the DR site. Data must arrive in full before deduplication 
reduces it, which means recovery lags and the organization remains exposed to disasters longer.

A global deduplication domain—spanning production, backup, and disaster recovery across all 
sites—eliminates these inefficiencies. It guarantees that unique data is stored and transmitted 
once, reducing cost, accelerating replication, and lowering risk. Global scope is another 
cornerstone of deduplication without compromise.

HIDDEN HARDWARE OVERHEAD
Bolt-on and retrofitted approaches initially appeal because they can claim similar capacity savings 
to native techniques, but the hidden costs make these solutions less cost-effective. Rehydrating 
and re-deduplicating data as it moves between production, backup, and disaster recovery sites 
consumes CPU cycles, utilizes bandwidth, and increases storage requirements at the target.

Another hidden cost arises from vendors’ attempts to compensate for compromised deduplication. 
Because these systems are inherently inefficient, vendors ship them with far more CPU power and 
RAM than should be necessary to mask performance penalties. A storage workload that could 
comfortably run on eight CPU cores and 64GB of RAM in a system with native deduplication may 
require 24 cores and 192GB of RAM in a compromised design. Customers end up paying for 
triple the hardware—not to run their workloads faster, but to cover the overhead of a suboptimal 
deduplication engine.

The Hidden Cost of Compromised Deduplication



WAN BANDWIDTH INEFFICIENCY
Network inefficiency adds another layer of cost. In a hub-and-spoke architecture, where branch 
offices replicate into a central site, compromised deduplication forces each branch to send full 
datasets across the WAN. The central system must then re-deduplicate everything, resulting in 
redundant network traffic and wasted bandwidth. By contrast, deduplication without compromise 
transmits only unique blocks. In practice, this cuts WAN usage by 70–80%, turning multi-gigabit 
circuits into cost savings while accelerating replication and recovery.

ELIMINATING DEDUPLICATION’S HIDDEN COSTS
Native deduplication eliminates compromise and reduces costs throughout the infrastructure. 
Because it is inline, only unique data is ever written or transmitted, eliminating wasteful I/O. 
Because it is global, the same block is never stored twice, whether on primary storage, in a backup 
repository, or across sites. Also, because it is native, there are no parallel metadata systems 
to maintain, no bolt-on modules to license, and no need to overprovision hardware to absorb 
overhead. The result is lower CapEx through reduced storage purchases and lower OpEx through 
simplified management, leaner replication, and more cost-effective network contracts.

While nearly every storage vendor now claims to support deduplication, the timing and 
implementation details differ, revealing potential compromises.

EMC VNX – Released in January 2011, deduplication appeared as a later enhancement (circa 
2012–2013). It operates at the file system level and is limited to individual volumes. It lacks WAN 
awareness and cannot eliminate duplicates across systems or sites, thereby limiting its value for 
disaster recovery.

Dell EMC Unity — the successor to VNX, launched in 2016 without deduplication and later 
integrated it via software updates (~2017). While inline today, Unity’s deduplication remains 
limited in scope and is not global across systems or sites. Dell EMC’s own documentation has 
long cautioned customers to be selective when enabling deduplication. On both VNX and Unity 
platforms, deduplication was recommended mainly for workloads with high redundancy and low 
write intensity, such as VDI, file shares, or backups. They warned that transactional databases or 
heavy random write workloads could exhibit reduced performance and higher latency.

HPE 3PAR (HPE Alletra) – Deduplication was introduced via adaptive data reduction features 
with the Gen5 ASIC-based All-Flash 8000 and 20000 series in early 2017. The implementation 
is volume-scoped and does not operate globally. HPE documentation cautions that enabling 
deduplication may increase latency under heavy I/O workloads.

IBM Storwize / Spectrum Virtualize – Originally launched in 2011, deduplication was only added 
with Data Reduction Pools (DRP) in May 2018. Its scope is largely confined to secondary workloads, 
and it does not eliminate redundant blocks across systems or sites. IBM, like Dell EMC, has warned 
customers to use deduplication carefully. It is effective for virtual machines, VDI, and backup-type 
workloads, but not recommended for heavy transactional or high-performance applications, where 
enabling it can negatively affect performance.

Competitive Approaches to Deduplication



NetApp ONTAP – Deduplication was introduced with Clustered Data ONTAP 8.1 in early 2012. 
The initial implementation was post-process at the volume level. Inline and aggregate-wide 
deduplication came later, but global deduplication across clusters or sites has never been native. 
NetApp, like Dell EMC and IBM, positions deduplication as a use-case-dependent feature. It’s 
effective for VDI and VM storage, but not recommended for large transactional or write-heavy 
workloads. Historically, it has required careful scheduling to avoid system impact.

VMware vSAN – vSAN added deduplication in version 6.2, released in March 2016. It operates 
only at the disk-group level, not across the entire cluster. Deduplication is also not WAN-aware, 
so replicated data must be transmitted in full and deduplicated again at the target site. VMware 
cautions that enabling deduplication can increase latency and reduce throughput. VMware vSAN’s 
deduplication comes with limitations and cautions. It only works in all-flash clusters and applies 
at the disk group level rather than globally across the cluster. VMware documentation notes that 
enabling deduplication consumes CPU and memory resources and may increase latency or reduce 
write throughput for transactional or write-heavy workloads. As a result, VMware positions vSAN 
deduplication as a space-saving feature, rather than an always-on capability, and recommends that 
customers carefully evaluate their workloads before enabling it.

Nutanix DSF / AOS – Nutanix introduced deduplication in early releases of AOS and improved it 
significantly in AOS 6.6 (2023), which reduced metadata overhead. Deduplication remains limited 
to the storage-container level, not global across clusters or sites. WAN replication still transmits 
redundant data. Nutanix DSF/AOS treats deduplication as a useful but conditional feature. 
Because it operates at the container level, efficiency gains are limited in scope. Nutanix warns 
that deduplication increases memory consumption and is best reserved for workloads with high 
redundancy, such as VMs or VDI. For write-heavy or transactional environments, deduplication may 
add overhead without yielding meaningful savings, making it a feature that should be enabled 
selectively rather than as an always-on core capability.

ZFS – Deduplication was introduced in late 2009, four years after the filesystem’s first release. 
ZFS supports inline, pool-wide deduplication, but the filesystem’s own maintainers caution that 
it should be enabled only with extreme care. Deduplication consumes a large amount of RAM to 
hold the deduplication tables, and if insufficient memory is available, performance can degrade 
to the point of being unusable. For this reason, both Oracle and the ZFS community recommend 
enabling deduplication only for highly redundant workloads on systems provisioned with large 
memory footprints, not as a default feature.

By contrast, Pure Storage FlashArray and VergeOS embedded deduplication into their 
architectures from day one. FlashArray delivers always-on inline deduplication at the system level. 
VergeOS extends this concept further by making deduplication global across all workloads—



production, backup, disaster recovery, networking, and even AI—avoiding the volume-level, 
cluster-limited, or post-process compromises that define other approaches.

Pure Storage – Does not caution customers about deduplication because it is designed as an 
always-on, inline feature at the heart of the FlashArray architecture, unlike Dell, IBM, NetApp, 
VMware, and Nutanix, which all warn customers to enable deduplication selectively. Pure positions 
it as universal, workload-agnostic, and performance-neutral.

VergeOS – Issues no cautions about deduplication because it was designed from the outset to 
be a core service, not a bolt-on feature. Deduplication is always-on, inline, and global—extending 
beyond storage into the hypervisor, network, and AI layers within a single code base. There are no 
workload restrictions or performance trade-offs; instead, deduplication actively improves efficiency 
across CPU, memory, storage, and bandwidth.

SUMMARY

Across Dell EMC, HPE, IBM, NetApp, VMware, Nutanix, and ZFS, a common pattern 
emerges: deduplication is treated as a selective feature with caveats. Only Pure Storage 
and VergeOS built deduplication into their architectures from the beginning, a. And only 
VergeOS extends it globally—beyond storage into the hypervisor, networking, and AI—to 
eliminate the compromises that others warn against.

It may appear that Pure Storage FlashArray and VergeOS share a similar approach. Both 
embedded deduplication from day one, both operate inline, and both deliver system-wide 
efficiency without requiring bolt-ons or post-process clean-up. But the similarities stop at the 
device boundary.

Pure Storage deduplication begins once data reaches the array. That means data traveling across the 
network or through the hypervisor moves at full payload size, carrying every redundant block until it 
lands on the storage device. WAN links, replication streams, and RAM cache layers remain unaware 
of duplication, consuming bandwidth, compute, and memory long before deduplication takes effect. 
Pure solves deduplication at the array boundary—VergeOS solves it everywhere in the pipeline.

VergeOS takes the concept much further. Deduplication is integrated not just at the storage layer, 
but also into the hypervisor (VergeHV), the networking fabric (VergeFabric), and now into 
artificial intelligence services (VergeIQ). Every block—whether in cache, on disk, in transit across 
the cluster, or moving between sites—benefits from the same global deduplication domain.

VergeOS delivers a clear hardware cost advantage. Because it runs on standard, off-the-shelf 
servers with SSDs, customers report costs that are five to ten times lower than those of similarly 
configured Pure Storage systems. Pure’s premium hardware pricing and proprietary model stand 
in stark contrast to VergeOS’s commodity-based hardware approach, which gives IT far more 
flexibility in how infrastructure is sourced and scaled.

Differentiating Pure Storage and VergeOS



Pure Storage remains a storage-only play. It does nothing to address the two biggest challenges 
that IT organizations face today. The first is how to transition from VMware to a more cost-effective 
alternative. VergeOS directly addresses this need by replacing both the storage and hypervisor 
stacks, providing organizations not only deduplication efficiency but also a viable VMware 
alternative at a dramatically lower cost.

The second challenge is how to embrace and leverage artificial intelligence as a competitive 
advantage. VergeOS tackles this by extending global deduplication and efficiency into VergeIQ, 
VergeOS’ integrated AI service, enabling organizations to reduce the footprint of massive AI datasets, 
streamline training workflows, and spin up virtual labs for experimentation. IT teams can now support 
AI initiatives without creating isolated silos of infrastructure or incurring runaway costs.

Unlike point products, VergeOS integrates storage, hypervisor, networking, and AI into a single 
code base, ensuring that efficiency and consistency extend across the entire platform.

This distinction sets the stage for VergeOS as more than just a storage system with deduplication—it 
is a complete infrastructure platform where deduplication is foundational to the entire data center 
and tied to a broader strategy of cost efficiency, VMware independence, and AI readiness.

VergeOS takes the efficiency, scalability, and value of deduplication beyond what traditional 
storage platforms can deliver. Because deduplication in VergeOS has been part of the architecture 
from day one, it is not confined to a storage silo. Instead, it is integrated across the entire platform 
stack—storage, compute, networking, and now artificial intelligence—all operating from a single 
code base.

STORAGE LAYER
At the storage layer, VergeFS provides global inline deduplication with a single metadata 
framework. Every workload—whether production, backup, or disaster recovery—operates under 
the same deduplication domain. This unified model ensures that space savings and performance 
are consistent across the enterprise.

HYPERVISOR LAYER
At the hypervisor layer, VergeHV leverages that same deduplication intelligence. Because the 
storage services and hypervisor are part of a single code base, VergeOS can optimize virtual 
machine placement, snapshots, and cloning in ways that standalone storage systems cannot. 
Even memory efficiency improves: deduplication extends into RAM caching, allowing frequently 

How VergeOS Extends the Value of Deduplication



accessed blocks that are common across multiple VMs to be cached only once. This dramatically 
multiplies cache efficiency, often yielding the equivalent of a four-to-one or five-to-one increase in 
cache hit rates.

NETWORK LAYER
At the network layer, VergeFabric extends deduplication awareness across nodes and sites. 
Replication traffic is reduced to only unique blocks, dramatically lowering WAN bandwidth 
requirements for disaster recovery and multi-site replication.

AI LAYER
And now, with VergeIQ, deduplication becomes an enabler for artificial intelligence. AI workloads 
generate massive amounts of repetitive data. By extending global deduplication into the AI 
domain, VergeOS reduces the storage footprint of training data and accelerates the ability to spin 
up deduplicated virtual labs for experimentation.

By embedding global deduplication into every layer of the infrastructure—storage, hypervisor, 
networking, RAM cache, and AI—and by delivering it all within a single code base, VergeOS 
moves beyond space savings. It transforms deduplication into a unifying capability that improves 
efficiency, scalability, resiliency, and agility across the entire IT stack.

For IT leaders, the choice is no longer whether deduplication exists—but whether it exists 
without compromise. VergeOS is the only platform that delivers on that promise, across the entire 
infrastructure stack.

The VergeOS Advantage



Vendor Deduplication Comparison

Vendor/Platform Scope / Method Native / Added Later Warnings / Limitations

EMC VNX EMC VNX Bolt-On Later Not WAN-aware; not cross-system; performance cautions; limited 
to individual volumes.

Dell EMC Unity Dell EMC Unity Integrated Later Dell docs caution: enable selectively (VDI, backups). Latency 
impact on databases, heavy writes.

HPE 3PAR (Alletra) HPE 3PAR (Alletra) Integrated Later HPE warns dedupe may increase latency under heavy I/O 
workloads.

IBM Storwize / Spectrum IBM Storwize / Spectrum Integrated Later IBM cautions: effective for VMs/VDI, not recommended for high-
transaction databases.

NetApp ONTAP NetApp ONTAP Bolt-On Later  Improved Requires scheduling in early versions; still not global; best for VDI/
file shares, not large transactional workloads.

VMware vSAN VMware vSAN Integrated Later VMware warns: CPU/memory overhead; increased latency/write 
throughput reduction; only all-flash clusters supported.

Nutanix DSF / AOS Nutanix DSF / AOS Integrated Later Deduplication increases memory usage; best for VDI/VMs; not 
efficient for write-heavy workloads.

ZFS ZFS Integrated Later
Very high RAM demands; performance collapse if memory 
insufficient; recommended only for niche/high redundancy 
workloads.

Pure Storage FlashArray Pure Storage FlashArray Native from Day One No cautions; however, deduplication only occurs once data 
reaches the array (not network/global).

VergeOS VergeOS Native from Day One No warnings; deduplication is always-on, inline, global, and 
improves CPU, RAM, and WAN efficiency.


