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The Strategic Imperative: Unifying File and Object Storage for the Al Era

The modern enterprise is navigating a profound architectural transition, driven by the exponential growth of unstructured
data and the insatiable demands of artificial intelligence (Al) workloads. This has created a costly and inefficient
dichotomy in data infrastructure. On one side, traditional file systems (NAS) provide the rich, POSIX-compliant semantics
required for human-centric, collaborative workflows. On the other, massively scalable object storage has become the de
facto standard for the high-performance data lakes that fuel Al and machine learning pipelines.

This bifurcation forces enterprises to maintain separate, isolated infrastructure silos for file and object data. The
resulting friction creates severe data mobility bottlenecks, throttling the velocity of critical Al initiatives. Organizations
are compelled to execute massive, manual data-copying operations, a strategy that doubles cloud storage costs,
fractures the data governance perimeter, and ensures that expensive Al models are trained on stale, outdated
information.

Bridging this divide without compromising the unique performance, cost-efficiency, or data sovereignty advantages of
either paradigm has become the central infrastructure mandate of the current technological era. While first-generation
“Copy” and “Gateway” solutions have attempted to solve this challenge, they inherently introduce unacceptable trade-offs
in latency, performance, and vendor lock-in.

This overview introduces a revolutionary third approach: a converged data fabric that eliminates these compromises,
achieving a true, uncompromised unification of the file and object domains.

Architectural Challenges: The Limitations of First-Generation Unification Models

The architectural divergence between file and object storage creates a severe semantic gap. Operations that are
instantaneous and atomic in a file system, such as a directory rename, become massively complex and resource-
intensive in an object store. Reconciling these differences has led to two distinct, yet equally compromised, first-
generation architectures.

1. The “Copy” Architecture: This model relies on the bulk export of data from a primary file system into a secondary,
separate object storage bucket for analytics.

The Problem: This approach is fundamentally flawed for dynamic Al operations. It mandates data duplication,
which inflates cloud storage costs and creates redundant data copies that are operationally difficult to govern. More
critically, the exported dataset is a static, point-in-time snapshot. This introduces profound latency into the data
pipeline, guaranteeing that Al models operate on stale, outdated information, which invalidates real-time analysis.
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2. The “Gateway” Architecture: This model places a software appliance or service as an inline translation layer,
converting S3 API calls into proprietary file system operations in real time.

The Problem: While solving the data consistency problem, the gateway introduces a severe performance bottleneck.
Every S3 API call requires CPU-intensive computation to be intercepted, parsed, and translated. This inline translation
overhead makes it structurally impossible to support CPU-bypassing, high-throughput technologies like S3 over
RDMA or NVIDIA GPUDirect Storage, starving expensive GPU clusters of data. Furthermore, data is stored in the cloud
backend in a proprietary, vendor-specific format, creating severe vendor lock-in and complicating long-term data
sovereignty.

Both architectures force a strategic compromise: either accept the high cost and data staleness of the “Copy” method,
or the performance bottlenecks and vendor lock-in of the “Gateway” method. Neither is a viable foundation for a
competitive, Al-driven enterprise.

The Converged Architecture: CTERA Fusion Direct

CTERA introduces a third, paradigm-shifting architecture that moves beyond adaptation to achieve true unification.
CTERA Fusion Direct is not a bridge or a connector; it is a complete architectural synthesis.

The core technological differentiator is CTERA’s patented Direct Object-to-File Mapping. This methodology eliminates
inline protocol translation layers, redundant background copies, and proprietary data encapsulation. When data

is ingested into the CTERA platform, it is written exactly once as a standard, native S3 object. A precise file map is
concurrently transmitted to the cloud backend, making that same native object instantly and simultaneously available
as a file within a standard hierarchical namespace.

This converged architecture unlocks several critical, transformative advantages for the enterprise:

- Native, Wire-Speed Performance: By surgically removing the inline translation layer, CTERA Fusion Direct allows Al
frameworks to interact directly with the native object storage backend. This removes the CPU bottleneck inherent
in gateway designs and fully supports next-generation acceleration standards such as S3 over RDMA and NVIDIA
GPUDirect Storage, enabling maximum ROl on GPU infrastructure.

e Zero-Copy, Real-Time Global Consistency: Data is written a single time and becomes instantly accessible across
all applications, edge locations, and cloud endpoints. This eliminates the redundant storage costs of the “Copy”
method and ensures that Al models train on live, instantly consistent data, exponentially improving the accuracy and
business value of the resulting outputs.

- Bi-Directional Data Mobilization: The architecture is inherently bi-directional. Existing, externally-generated S3
buckets can be instantly attached to the CTERA data fabric and presented as a global file system. This capability
mobilizes large, previously isolated data lakes for human collaboration and file-based workflows without requiring
petabytes of data to be migrated oringested into a proprietary system.

» Absolute Data Sovereignty and Zero Vendor Lock-in: Because data is stored directly as standard S3 objects, the
enterprise retains full, independent control. There is no proprietary encoding that prevents other applications from
accessing the data. This open data model eliminates vendor lock-in and ensures long-term infrastructure flexibility
as the Al ecosystem evolves.
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The Strategic Advantage: A Unified, Dual-Engine Approach

Architectural excellence requires deliberate design choices. CTERA Fusion Direct is meticulously engineered for the
write-once, read-intensive data pipelines that are the hallmark of Al training, machine learning inference, and high-
performance computing workloads.

For general-purpose NAS replacement, user home directories, and geographically distributed human collaboration,
CTERA’s highly-optimized deduplicated file layout remains the superior architecture. Its aggressive, block-level
deduplication yields extreme storage efficiency and unmatched WAN acceleration, critical for high-modification
workloads and performance at the bandwidth-constrained edge.

The CTERA Intelligent Data Platform does not force a binary choice. It provides a unified, dual-engine platform
where the optimal storage layout can be selected on a per-folder basis. This allows organizations to:

e Leverage deduplicated mode to optimize storage consumption and accelerate WAN transfers for collaborative
enterprise NAS workloads.

e Simultaneously deploy CTERA Fusion Direct to power write-once, read-intensive data lakes that feed Al pipelines with
native object performance.

This fine-grained flexibility enables organizations to optimize performance, cost, and interoperability within the same
global namespace.

FEATURE “COPY” APPROACH “GATEWAY” APPROACH CTERA FUSION DIRECT

Data Model Redundant Copy Proprietary and Locked Native S3 Objects
$3 Performance Slow (Export Time) Bottlenecked by Gateway Native Wire-Speed
Data Consistency Stable, Snapshot-based Instantly Consistent Instantly Consistent
Vendor Lock-in Moderate High None
Al-Ready (RDMA) Yes No Yes

Access Existing Data No No Yes

The enterprise transition to an Al-driven operational model requires a fundamental reassessment of the underlying
storage infrastructure. CTERA Fusion Direct represents that decisive shift. By collapsing the historical boundaries
between file and object, it provides the uncompromising, high-performance data foundation necessary to win in the era
of artificial intelligence.

Le:f\rn how modern architectures unify file and
object storage for Al workloads.
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