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Boot Drive Requirements in
Cloud AI Architectures

WHITE PAPER

Enterprise Boot Drive Solutions

The boot drive is mission-critical component in Al cloud environment - it determines how quickly and

reliably servers come online, rejoin the cluster, and begin serving workloads.

Boot drives are a foundational storage layer that is often overlooked but essential to Al infrastructure
performance by playing a key role system initialization, trusted boot, and operational efficiency.

As cloud service providers scale heterogeneous GPU, CPU, and accelerator infrastructure, boot storage
must deliver low latency, high IOPS, strong endurance, and dependable security without becoming a

bottleneck.

Silicon Motion’s Enterprise PCle NVMe Boot SSD Solutions are the optimal choice fit for Al boot drives.
Combined with our controller and firmware technologies, they ensure startup consistency, power-loss
resilience, and fleet-wide manageability.

The Critical Role of Boot Drives in CSP AI Architectures

Figure 1: Boot drives provide the trusted
control foundation that initializes Al cloud
nodes, connects them to orchestration and
storage services, and keeps workload data
separate from the root volume.
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In cloud AI environments, boot drives are a key building block of the storage infrastructure - they
enable a compute instance to start and operate.

Boot drives contain the operating system, bootloader, and core platform agents needed to initialize
hardware and launch the software stack for Al workloads. They store critical configuration data such as
network settings, identity credentials, storage mount points, and orchestration parameters, enabling
the instance to connect with cloud services and access required compute and data resources.

Other functions supported by the boot drive include the startup of orchestration, networking, and
storage stacks, which establish the communication and resource management layers necessary for
training and inference.

The reliability and performance of boot drives are especially vital for cloud Al environments because
they often scale rapidly by spinning instances up and down. Faster, more dependable boot drives
reduce startup latency and help Al services become operational quickly and consistently.

Boot drives establish a consistent, reproducible system state. Standardization enables cloud AI
providers to automatically initialize heterogeneous hardware into a known-good configuration without
manual intervention. This abstraction is essential for scaling fleets across diverse physical hosts while
maintaining operational uniformity.

Separating the boot drive from data storage also enables architectural optimization. The root volume is
tightly sized and tuned for operating system and platform services, while data disks or object storage
are engineered for capacity, durability, and workload specific I/0 patterns. If application data fills or
corrupts a boot volume, the OS can fail, leading to downtime. Keeping application data on separate
volumes prevents resource contention and protects the integrity of platform services.

Al growth in cloud Al architectures is driving the need for increased capacity, higher throughput and
lower latency, more robust endurance, and better power efficiency.



Al Demands Put Added Pressure on CSP Boot Drives

AI Cloud Architecture Pressure Map
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Figure 2: Al workloads are driving cloud infrastructure toward heterogeneous compute,
dual-fabric networking and high-throughput storage—raising the importance of fast, secure,
and predictable boot drives for fleet-scale operations.

Cloud service providers are reshaping data-center architecture to meet Al demands across compute,
networking, and storage. High-density accelerators are now built around greater memory bandwidth,
chiplets or multi-chip modules, and tighter hardware-software co-design so they can operate efficiently
in liquid-cooled, high-power environments and scale across racks, not just within a single server.

Al workloads also create sharper bursts and greater skew, with demand often concentrating in GPU-rich
regions or clusters. That makes forecasting and load balancing harder, especially when training runs,
inference spikes, and batch analytics rise and fall quickly. To address this, cloud providers are adopting
heterogeneous nodes that combine CPUs with GPUs, DPUs, and FPGAs for different training and
inference needs.

These changes require dual-fabric networking: high-bandwidth east-west paths for GPU-to-GPU traffic
and north-south paths for general traffic. They also require high-throughput storage to keep
accelerators busy and schedulers that can match each job to the right resources. At the same time,
geographically distributed data centers are being treated as a single Al factory, with scale-across
connectivity extending low-latency performance over distances from hundreds of meters to hundreds
of kilometers.

Unified scale-out and scale-across designs increasingly use the same hardware and software stack,
allowing elastic pooling of network resources across intra- and inter-data-center traffic. This supports



multi-site GPU clusters and distributed inference, including agentic Al workloads spread across
edge-to-cloud nodes.

Storage is also being redesigned for Al Providers are using NVMe flash SSDs, separating storage from
compute, and moving data directly into GPU memory to maximize throughput and reduce delay.
Checkpointing has become a major bottleneck because larger models create terabyte-scale
checkpoints, more parallel jobs increase write pressure, and tighter service targets that demand faster
snapshots and restores.

Finally, data lifecycle management is becoming a continuous cloud-native pipeline centered on
collection, cleansing, governance, reuse, and rapid model feedback. This requires real-time sharing,
stronger traceability, and tighter security so Al systems rely on current, trusted data. As a result, boot
drives are trending toward being minimal, fast, and often stateless.

Al in the Cloud is Placing New Demands on Boot Drives

Boot Drives Across Al Infrastructure
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Figure 3: Across compute trays, switch trays, and scale-out connectivity, boot drives
act as compact control anchors that initialize devices, establish trusted configuration,
and connect infrastructure to orchestration and shared storage services.

Boot drives in Al-heavy cloud service provider environments have a narrow but critical role: they host
the operating system and essential system software that initialize each node and enable it to run Al
workloads. They are separate from the high-performance storage tiers used for datasets, model
checkpoints, and training traffic.

In practice, the boot drive typically contains a thin OS image that provides a minimal foundation for
startup. The node may boot a small local image or load the OS into memory, then connect to networked
storage such as NVMe-over-Fabrics or other shared systems for the real workload.



These environments usually fall into three scenarios: compute trays, switch trays, and scale-out
connectivity. Each has the same basic need, but the operational emphasis differs depending on whether
the device is booting a GPU server, a fabric switch, or a large, distributed server fleet.

For compute trays, a dedicated NVMe device, often in M.2 or E1.S form factor, stores the operating
system image so the node can initialize independently of external storage. After boot, the tray joins the
cluster management framework and reaches a known software state before participating in distributed
Al operations.

For switch trays, the local boot drive stores the switch operating system, configuration files, and
management software. This is important because the fabric must come up reliably before the GPU
servers can communicate at low latency, and the boot drive helps the switch recover quickly and scale
cleanly.

In scale-out connectivity, the boot drive functions as a control anchor rather than a capacity engine. It
loads the operating system, container runtime, drivers, and network configuration needed to join the
fabric, while most data and model parameters remain on shared storage systems that scale separately.

The boot drive also supports manageability and security at fleet scale. Standardized images, secure
boot, rapid reprovisioning, local credentials, firmware, and configuration baselines all depend on
predictable local storage, allowing failed or repurposed nodes to be reset and redeployed without
disrupting the broader system.

In short, cloud providers should optimize boot drives for IOPS, latency, reliability, and manageability,
not for capacity, and treat them as part of the security root of trust for the cluster. These scenarios

illustrate why SSDs are the superior choice for boot drives in dynamic Al environments.

Why SSDs Are the Optimal Boot Drives in Al Cloud Environments

Why SSDs for AI Cloud Boot Drives?
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Figure 4: Compared with mechanical HDDs, enterprise PCle NVMe SSDs deliver the
low latency, high IOPS, endurance, and deterministic behavior required to boot,
recover, and manage Al cloud infrastructure at scale.



Al infrastructure demands ultra-low latency, high IOPS, and sustained performance that mechanical
hard drives cannot deliver. Boot drives must support thousands of simultaneous server boots, frequent
OS re-imaging, and rapid failure recovery without becoming bottlenecks.

SSDs offer key features to support typical boot drive functions:

* Faster boot and recovery: Boot drives must bring servers back online quickly after failures,

minimizing cluster downtime and preserving GPU utilization. They also need to recover reliably
at scale, since even small delays or repeated rebuilds can lead to bottlenecked operations.

High performance control-plane and local services: Boot drives need very low-latency, high-IOPS
storage to bring up orchestration, authentication, monitoring, and other startup services quickly
and reliably in Al cloud environments. Local SSD-like boot storage delivers much lower latency,
which helps avoid boot-time bottlenecks.

Reliability and endurance: A failed boot drive can create an immediate service disruption across
the infrastructure. It must survive sustained workloads without degrading data integrity or
uptime because these systems depend on frequent writes and long operational lifecycles.

Alignment with AI storage allocation: Misaligned I/0 causes performance degradation and
non-deterministic latency. SSDs ensure deterministic performance, stable power behavior, and
strong data integrity critical for reliable OS loading, firmware execution, and continuous
telemetry operations.

SSDs deliver the speed, consistency, and resilience needed to keep GPU infrastructure starting fast,

recovering quickly, and operating without disruption at scale.

Silicon Motion Enterprise PCIe NVMe Boot SSD Solutions Are Optimized for Al Boot Drives

Silicon Motion Boot SSD Technology Stack

PCIe NVMe Boot SSD Solutions
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In Al cloud environments, boot storage is no longer a minor component—it is a critical control point that
directly affects uptime, utilization, and the efficiency of the entire cluster.

Silicon Motion meets AI server boot-drive requirements by combining efficiency, consistency, and
security with proprietary controller and firmware technologies that reduce boot risk and operating cost
at scale. Its main advantage is not just raw speed, but making thousands of Al servers start, stay secure,
and keep consuming less power in production.
* Fast and predictable boot performance: Silicon Motion Enterprise PCle NVMe Boot SSD Solutions
combine dedicated boot-storage designs with deterministic firmware behavior, stable power
handling, and strong data integrity for reliable OS loading and initialization.

* Reliability for always-on AI nodes: Silicon Motion Enterprise PCle NVMe Boot SSD Solutions
emphasize predictable boot behavior, power-loss protection, and data integrity, which helps
keep OS loading and firmware execution stable even during frequent log writes and continuous
runtime activity.

* Power-loss and harsh-environment resilience: Silicon Motion incorporate advanced power-loss
protection with hardware and firmware mechanisms to safely flush in-flight data to non-volatile
flash and preserve mapping table integrity during unexpected power outages.

* Security and trusted boot: Silicon Motion’s Enterprise PCle NVMe Boot SSD Solutions combine
hardware-based encryption with controller-integrated security features such as authenticated
firmware protection, secure boot, and standards such TCG Opal, so the boot volume stays
protected from tampering and unauthorized access.

Silicon Motion's proprietary IntelligentSeries™ technologies further enhance our boot drive SSDs with
several different mechanisms, including
 IntelligentLog™ comprehensively records the health status of the SSD to let system developers
understand its current condition and act appropriately. It records major event logs for faster and
more efficient debugging.

* IntelligentScan™ performs automatic scanning and repairs, ensuring that data stored in the
secure area can be read and written correctly, while increasing the duration of data storage and
extending the lifespan of the SSD.

¢ IntelligentThermal™ monitors the boot drive's temperature and activates cooling mechanisms if
a certain threshold is exceeded. It effectively chooses between host-controlled thermal
management and drive-controlled thermal management to control temperature and prevent SSD
damage in high-temperature conditions.

* IntelligentShield™ ensures that all data being transmitted is securely stored in a designated safe
area, preventing data loss caused by power outages. The drive initiates this mechanism as soon
as instability in the power supply is detected.



* IntelligentFlush™ enables instant data migration at a consistent speed, allowing data to be swiftly
moved to a secure storage block.

¢ IntelligentGuard™ maintains boot security by enhancing authentication and protection mechanisms
of the boot drive's firmware.

* IntelligentImage™ provides a preloading mechanism for embedded systems that allows data to
be loaded onto a safe block prior to surface-mount assembly. This protects the data against
manufacturing hazards such as damage by high reflow soldering temperatures and significantly
enhances production line efficiency.

* IntelligentZone™ supports a multi-Name Space design, allowing the SSD to be tailored according
to the requirements of different system designers. The SSD is divided into different storage
blocks, and data is placed in the appropriate block based on the design. This ensures data
integrity as well as effective utilization of SSD capacity, thereby maximizing economic benefits.

Boot Drives a Critical Control Point for AI Cloud Environments

Boot drives may be small in capacity, but their impact on performance, reliability, and security can't be
overstated in Al cloud environments, where downtime directly affects utilization, cost, and service
quality. The boot drive is no longer just a supporting component—it is a control point for the entire Al stack.

As cloud providers continue to scale distributed GPU fleets,
the ability to boot quickly, recover predictably, and maintain a
trusted system state becomes a core operational requirement
rather than a background function. PCle NVMe SSDs are
uniquely suited to meet these demands, delivering the low
latency, high IOPS, endurance, and power efficiency needed to
keep Al platforms online and resilient.

Silicon Motion’s Enterprise PCle NVMe Boot SSD
Solutions combine our proprietary IntelligentSeries™
technologies extend this advantage further by
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Image 1: Silicon Motion’s Enterprise PCle NVMe Boot SSD Solutions
deployment in cloud Al infrastructures. supports multiple form factors, including BGA and M.2 designs.

For more information, please visit
www.siliconmotion.com or send email to ferri@siliconmotion.com
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