On-Premise Al vs Cloud-Based Al
Comprehensive Comparison

1. Decision Framework

Overview: Organizations deciding where to deploy Al workloads must balance
multiple factors. Below is a flowchart and decision matrix to guide the choice between
cloud-based and on-premise Al (including sub-models like grid vs. off-grid power and
networked vs. air-gapped setups). Key decision drivers include security, compliance
requirements, cost structure (CapEx vs OpEx), and operational factors such as
scalability and maintenance.

1.1 Deployment Decision Flowchart

Flowchart: The following decision path helps determine the most suitable AI deployment
model:

1. Data Sensitivity & Compliance Needs — How sensitive are data and how strict
are regulatory requirements?

» Highly sensitive data or strict data sovereignty rules?
— On-Premise likely required (keep data in-house). If extreme
security needed (e.g. classified data), consider an air-gapped on-prem
system (no external network) for maximum isolation (Why Are
Companies Doing On-Prem Air Gap Installations Now?) (Why Are
Companies Doing On-Prem Air Gap Installations Now?).

¢ Cloud compliance offerings acceptable? (e.g. provider has
certifications, local regions)
— Cloud can be considered (many clouds offer encryption and
compliance certifications, though data is in a third-party’s
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infrastructure (Cloud vs On-Premise Cost Comparison Guide - Avahi)
(Cloud vs On-Premise Cost Comparison Guide - Avahi)).

2. Scalability & Usage Patterns — What scale is needed and how variable are
workloads?

e Variable or bursty workloads / need rapid scale up/down?

— Cloud-Based Al is advantageous for elasticity (pay-as-you-go for
only what you use) and virtually unlimited on-demand resources. Cloud
avoids owning idle capacity during lulls (On-Premises vs. Cloud for Al
Workloads) (On-Premises vs. Cloud for AI Workloads).

o Steady, high-volume workloads? (e.g. continuous 24/7 training or
inference)

— On-Premise Al may yield better cost-efficiency long-term. Owning
hardware can be cheaper at high utilization (cloud costs can escalate as
data/compute needs grow (On-Premises vs. Cloud for Al Workloads)).
If capacity needs are predictable, on-prem avoids ongoing cloud
premiums.

3. Cost Model & Budget Strategy — Does the organization prefer capital investment
or operating expense?

e Limited CapEx budget / preference for OpEx:
— Cloud fits an OpEx model (renting resources). Upfront costs are
minimal, but note that over a system’s life, cloud may cost more in total
if heavily utilized (Cloud vs On-Premise Cost Comparison Guide -
Avahi).

o Willingness to invest CapEx for lower TCO:
— On-Premise allows buying infrastructure outright. While high
initial costs are required (Cloud vs On-Premise Cost Comparison Guide
- Avahi), this can save money over time (e.g. one analysis found owning
a 4-GPU server was ~84% cheaper over one year than renting a
comparable cloud instance (CLOUD VS. ON-PREMISE - Total Cost of
Ownership Analysis)). Consider ROI period — on-prem can pay off in
months if fully utilized (CLOUD VS. ON-PREMISE - Total Cost of
Ownership Analysis).

4. Infrastructure & Timeline Considerations — Can we accommodate facilities and
timing needs?
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» No existing data center or need immediate deployment?

— Cloud avoids waiting for procurement and facility setup. (E.g.,
Microsoft built a top-5 Al supercomputer for OpenAl in <6 months by
leveraging Azure’s ready infrastructure (Microsoft Says It Built Top-Five
Supercomputer in Azure Cloud for Al) (Microsoft Says It Built Top-Five
Supercomputer in Azure Cloud for AI) — much faster than a custom on-
prem build.)

o Facilities and support available (space, power, cooling)?

— On-Premise is feasible. Plan for data center needs (power and
cooling capacity scale with Al hardware). If the public power grid is a
bottleneck (long lead times for new connections), an off-grid approach
(self-powered data center) could be considered to accelerate
deployment (Fast, scalable, clean, and cheap enough).

5. Network Connectivity & Security — Does the Al system need external
connectivity?

e Must be isolated (no external network access)?
— On-Premise Air-Gapped deployment. This is chosen for security-
critical applications where even internal network access is tightly
controlled. It mitigates cyber threats (near “zero threat surface” without
network entry points (Why Are Companies Doing On-Prem Air Gap
Installations Now?)) and ensures absolute data sovereignty. Updates are
done manually (“sneakernet” style) (Why Are Companies Doing On-
Prem Air Gap Installations Now?).

o Connectivity required or acceptable?

— Networked deployment (either on-prem with network access or
cloud). Most business applications need some network connectivity (for
user access, updates, etc.), so completely air-gapped systems are
reserved for only the most sensitive use cases.

6. Power Source (if leaning on-premise) — Is reliable grid power available and
suitable?

o Accessible stable grid power?
— Grid-Connected On-Prem. Use utility power with necessary
backups. Most traditional on-prem data centers fall here — easier power
management if the grid can support the load.
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o Need self-sufficient power (remote location or strategic choice)?

— Off-Grid On-Prem. Deploy independent power (solar, generators,

batteries) to run the Al system. This may be due to remoteness, grid

unreliability, or sustainability goals. Off-grid Al centers can improve

resilience (no dependency on public grid outages) and even speed - e.g.

solar microgrid-powered Al sites can be built faster than waiting ~5+

years for a new grid connection (Fast, scalable, clean, and cheap

enough). (Startup examples: Electric Outdoors offers off-grid, solar-

powered platforms for remote tech deployments (Electric Outdoors |
Electric Adventure Beyond the Grid).)

After evaluating each step above, an organization can identify the optimal deployment

model or hybrid combination that satisfies all critical requirements.

1.2 Decision Matrix

The decision matrix below summarizes how key drivers align with different Al

deployment models. It compares Cloud-Based Al, On-Premise Grid-Connected Al, On-

Premise Off-Grid Al, and notes considerations for Networked vs Air-Gapped

environments.

KEY
DRIVERS

Scalability
& Flexibility

CLOUD-BASED Al
(PUBLIC/HOSTED
CLOUD)

Highly scalable -
virtually unlimited
resources on
demand. Easy to
scale up for spikes
or new projects.
Elasticity is a core
benefit (no need to
over-provision) (On-
Premises vs. Cloud
for AT Workloads).

ON-PREMISE AI
(GRID-
CONNECTED)

Moderate
scalability - limited
by purchased
hardware. Scaling
requires new
procurement and
installation. Can

design for some

headroom, but not as

instantaneous as

cloud. Customizable

ON-PREMISE AI
(OFF-GRID)

Moderate scalability

— similar to on-prem

grid for compute, but

total capacity tied to
on-site power
generation. Scaling
may require

expanding power

infrastructure (adding

solar panels,

generators, batteries)

NETWORK
CONNECTIVITY

Networked: Allows
integration with
enterprise systems,
remote user access,
and cloud services
(if hybrid). Needed
for most use-cases
(data ingest, user
queries,
monitoring). Air-

Gapped: No
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Security &
Data

Control

Flexibility — wide
range of services (Al
APIs, GPU/TPU
instances, etc.)
readily available.
Rapid provisioning
accelerates

development.

Shared
responsibility -
Cloud providers
offer advanced
security features
(encryption, SOC
audits, etc.) but you
relinquish some
control to the
provider (Cloud vs
On-Premise Cost
Comparison Guide -
Avahi) (Cloud vs On-
Premise Cost
Comparison Guide -
Avahi). Data is
stored off-premises,
which may be a
concern if trust or
multi-tenancy is an
issue. Compliance —
Major clouds comply

with many

— hardware and
software tuned to
specific needs (e.g.
specialized GPUs,
networking) since
you control the

environment.

Maximum data
control - All data
stays on company-
owned systems.
Physical control over
servers offers strong
security for sensitive
data (Cloud vs On-
Premise Cost
Comparison Guide -
Avahi). Compliance
ease — Easier to
ensure data never
leaves a jurisdiction.
Air-gapped options
enable meeting even
the strictest
regulations (e.g.
defense) since
system can be
certified as
completely isolated

(Why Are Companies

in addition to new
hardware.
Independence - Off-
grid sites can be
placed wherever
needed (not tethered
to power grid
availability),
potentially enabling
edge deployments in

remote areas.

Maximum data
control — Same on-
prem security benefits
as grid-connected
(data remains on-site
under full control).
Additionally,
resilience in crises: if
the public grid fails
(cyberattack or
disaster), an off-grid
data center can
continue operating,
which is valuable for
critical Al
applications. Data
sovereignty — Off-
grid often goes hand-
in-hand with isolated
locales (e.g.
government facility
with its own power)

ensuring data is

external network
connectivity —
isolates the system
for maximum
security. Greatly
limits scalability
and updates (no
cloud bursting or
quick patches;
everything is
offline). Used only
when security > all

other concerns.

Networked:
Security depends
on network design
(firewalls, VPN,
etc.). Data could be
exposed if network
perimeter is
breached. Requires
continuous security
monitoring. Air-
Gapped: Highest
security —
essentially no
external attack
surface besides
physical intrusion
(Why Are
Companies Doing
On-Prem Air Gap
Installations
Now?). Ideal for
classified

environments. But
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Cost Model

standards (GDPR,
HIPAA, etc.), and
offer tools for data
residency. However,
some regulations or
clients may still
disallow cloud for
certain sensitive
data. Risk of IP
leakage or
subpoena/access by
third parties is a
consideration
(Breaking Analysis:
Cloud vs. On-Prem
Showdown - The
Future Battlefield
for Generative Al
Dominance -

theCUBEResearch).

OpEx - Pay-as-you-
go pricing. Low
upfront costs but
ongoing expenses.
Variable cost -
Scales with usage.
Cost-efficient for
sporadic or small-
scale needs (no
paying for idle
hardware).
Potentially higher
TCO - For large,
constant workloads

cloud can become

Doing On-Prem Air
Gap Installations
Now?). Security —
Can implement
custom security
measures, and no
third-party access.
However, security is
only as good as the
organization’s
practices — on-prem
breaches can happen
if internal controls
fail (Cloud vs On-
Premise Cost
Comparison Guide -
Avahi) (Cloud vs On-
Premise Cost
Comparison Guide -

Avahi).

CapEx + OpEx —
High upfront capital
for hardware, plus
ongoing costs
(power, cooling, IT
staff). Lower long-
term cost (for
steady loads) -
When fully utilized,
on-prem hardware
can have lower Total
Cost of Ownership.
Studies show on-
prem Al clusters can

save significant

contained within a

secure perimeter.

CapEx + OpEx (with
power infra) -
Highest upfront
investment: includes
not just IT hardware
but also power
generation setup

(solar panels,

batteries, generators).

This can be capital-

intensive (essentially

building a mini power

plant). Energy costs —

potentially lower or

more stable if

operationally
cumbersome (e.g.
updates via USB
drive). Often
chosen by military,
intelligence, or
critical
infrastructure use-
cases where any
network
connection is a risk
(Why Are
Companies Doing
On-Prem Air Gap
Installations

Now?).

N/A (cross-cutting)
— Networked vs
Air-Gapped itself
doesn’t change cost
model, but: Air-
Gapped
deployments often
incur higher
operational costs
due to
inefficiencies
(manual processes,
duplicate
infrastructure for

dev/test). Also may
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Performance

& Latency

more expensive in
the long run (Cloud
vs On-Premise Cost
Comparison Guide -
Avahi). (E.g. renting
GPUs 24/7 often
costs more than
owning after a few
months (CLOUD VS.
ON-PREMISE - Total
Cost of Ownership
Analysis).) Also,
data egress fees and
premium services
add to cost. Many
firms report rising
cloud bills with AI -
nearly 75% of
enterprises say their
cloud costs became
“unmanageable” due
to AI compute
demands
(Repatriating Al
Workloads: An On-
Prem Answer to
Soaring Cloud
Costs).

High-performance
options available,
but latency to end-
users or data source
depends on network.
If data is already in
cloud (or users

globally), cloud data

money (e.g. one
company saved
>50% over 1 year vs
cloud by using in-
house GPU servers
(CLOUD VS. ON-
PREMISE - Total
Cost of Ownership
Analysis)). Fixed
cost — Costs are
more predictable
(depreciation of
equipment, fixed
maintenance), good
for budgeting.
However, if
utilization is low, on-
prem can be cost-
inefficient (sunk cost

in unused capacity).

Low latency -
Computing near the
data source and
users gives latency
advantages. Al
systems on-prem
can be placed

adjacent to data

renewable (sun/wind)
is used, but also
requires backup fuel
or storage for
reliability. Over time,
could yield savings if
using free fuel (sun)
after capital payoff.
ROI considerations
Off-grid makes sense
if avoiding expensive
infrastructure delays
or mitigating very
high power costs. For
example, bypassing a
multi-year grid
upgrade could justify

the cost of a private

solar farm to get an Al

facility running

sooner (Fast, scalable,

clean, and cheap

enough).

Low latency — Similar

to grid-connected on-

prem: compute is on-
site. Additionally, off-
grid sites can be

located strategically

(e.g. in remote regions

for edge analytics, or

forego cloud cost
optimizations
entirely.
Networked on-
prem can leverage
some cloud
integrations
(hybrid) to
optimize costs (e.g.
cloud for burst
capacity if needed),
whereas air-gapped
cannot, which
might mean over-
provisioning
hardware for peak
needs (higher
CapEx).

Networked:
Performance
depends on
network quality.
Sufficient for most
cases, but high-
speed networking

infrastructure is
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centers offer global
connectivity and
CDN integrations.
Latency to on-
prem data - If large
datasets reside
locally, moving
them to cloud for Al
can introduce
latency or transfer
costs (the issue of
data gravity -
heavy data “prefers”
to stay where it is
stored (On-Premises
vs. Cloud for Al
Workloads)). For
real-time needs (e.g.
factory-floor Al),
network latency to
cloud can be

problematic.

Operational Low IT burden -

warehouses, sensors, near renewable energy needed for

or operations for
real-time processing
without internet
delays (On-Premises
vs. Cloud for Al
Workloads).
Predictable
performance - No
noisy neighbors or
shared bandwidth
issues; full control of
networking. On well-
designed hardware,
on-prem can be
optimized (e.g. using
high-bandwidth
interconnects) for
maximum

throughput.

High complexity -

source and data
source together). This
can reduce distance-
related latency if the
use-case permits
placing compute at
the edge. Bandwidth
- Off-grid does not
inherently limit
compute performance,
but if the site is
remote, connectivity
back to user sites
might be limited
(unless a private
network or satellite
link is used). Some
off-grid Al
deployments process
data locally and then
sync results when
possible, to mitigate

network constraints.

Very high

distributed training
across nodes, etc.
(Inside data
centers, high-
bandwidth switches
are used; an on-
prem network can
be as fast as needed
if properly built.)
Air-Gapped: Not
connected to
external networks,
so “latency” is only
internal — which
can be very low for
internal operations.
However, inability
to connect means
no offloading or
cloud acceleration;
all performance
must come from
on-site hardware.
Use cases often
involve local
inference on fixed
datasets (e.g. batch
processing of
sensitive data),
where internet
latency is irrelevant
because nothing

goes in/out.

Networked:
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Complexity

Cloud provider
manages physical
infrastructure
(hardware repairs,
upgrades, facility
operations). This
reduces need for in-
house data center
expertise (Cloud vs
On-Premise Cost
Comparison Guide -
Avahi). DevOps
focus — Teams focus
on deploying Al
applications, not
managing servers.
However, cloud ops
requires managing
configurations,
controlling costs,
and handling cloud
security settings — a
different skill set.
Vendor
dependency -
Reliant on vendor
uptime and support.
Outages or service
changes are outside
your control
(mitigated by multi-
region or multi-
cloud strategies at
additional

complexity).

Requires facilities
management
(power, cooling,

physical security)

and skilled IT staff to

maintain servers,
GPUs, networking,
etc. (Cloud vs On-
Premise Cost
Comparison Guide -
Avahi). Need
processes for
updates, backups,
and hardware
lifecycle (replacing
failed drives,
upgrading GPUs,
etc.). Full-stack
responsibility -
Your team handles
everything from
hardware drivers to
Al software. This
grants control but
demands expertise
(or vendor support
contracts). Longer
setup time -
Planning,
procurement,
installation can take
months. But once
running, the
environment is fully
under your

governance.

complexity — All of
the above on-prem
challenges plus

operating

independent power

infrastructure.

Organizations must

manage generators or

solar/wind farms,
battery storage, and
possibly fuel supply.
This may require

partnering with

energy companies or

developing new
competencies.
Maintenance - In
addition to IT
equipment
maintenance, power
equipment
maintenance is

critical (e.g. keeping

generators fueled and

serviced, cleaning
solar panels,

managing energy

storage health). Niche

expertise — Off-grid
Al centers are
relatively new;

companies like

Electric Outdoors are

pioneering solutions

to package and

Operationally
easier — remote
management,
updates, and
monitoring can be
done over the
network. However,
networked systems
require robust
cybersecurity
management
(continuous
patches, intrusion
detection) because
they are accessible
targets. Air-
Gapped:
Operationally
labor-intensive -
No remote access
means all
maintenance must
be done on-site.
Updates often
involve physically
transferring data
via secure media.
Troubleshooting is
on-site only. This
can slow down
development and
require very
disciplined change
management. Many

vendors do special

simplify this, offering packaging for air-
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“Al compute without  gapped installs to

the grid.” These streamline this, but
solutions emphasize it remains
reliability and challenging (Why
sustainability, but the Are Companies
customer must be Doing On-Prem Air
prepared for a non- Gap Installations

traditional data center Now?).

model.

How to use this matrix: Identify the drivers most critical to your organization’s needs.
For example, if scalability and quick deployment are top priorities, the Cloud column’s
advantages (elastic resources, minimal setup) may outweigh its drawbacks. If security
and control are paramount, the On-Premise columns (grid or off-grid depending on
power needs) show stronger alignment with those drivers. Many organizations find a
hybrid strategy is best — e.g. keep sensitive workloads on-premise while using cloud for
less sensitive tasks or burst capacity (On-Premises vs. Cloud for AI Workloads) (On-
Premises vs. Cloud for AI Workloads). The goal is to choose the model (or mix of models)
that best fulfills the key drivers for your specific Al initiatives.

2. High-Level Strategy & Planning

When formulating an AI deployment strategy;, it is crucial to recognize that decisions
around hardware, software, and infrastructure are interconnected. Choices made in one
area (for example, selecting a certain Al hardware accelerator) will impact requirements
and options in others (such as power/cooling needs and compatible software frameworks).
A high-level plan should therefore address the full lifecycle of Al system deployment —
from initial planning to ongoing maintenance — with awareness of these
interdependencies.

Interdependencies of AI Hardware, Software, and Infrastructure: Successful Al
deployments consider the “big picture” system design. Modern Al data centers are
increasingly integrated systems rather than loose collections of servers (A Primer on Al
Data Centers - by Eric Flaningam). For instance, high-performance GPU servers often
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require equally advanced networking and storage to feed data fast enough, as well as
robust cooling to dissipate heat from dense compute (A Primer on Al Data Centers - by
Eric Flaningam). If any one element is under-provisioned (power, cooling, network, etc.),
it becomes the bottleneck for the entire Al operation. Key examples of dependencies:

o Model complexity vs Hardware - Large language models or advanced deep
learning may require GPUs or TPUs with high memory. Choosing to train such a
model dictates hardware needs (you might need A100 or H100 GPUs, for
example). In cloud, this means using specific instance types; on-prem, it means
purchasing those accelerators and appropriate servers to house them. The choice
of model and framework (e.g. PyTorch with GPU acceleration) directly informs
hardware selection.

o Hardware vs Power/Cooling — Al hardware is power-hungry. A rack of GPU
servers can draw tens of kilowatts and emit a lot of heat. The facility must have
power delivery and cooling capacity to handle this. Dependency: If you plan for
50kW of Al hardware but the server room can only cool 20kW, you have to
upgrade HVAC or scale down hardware. For on-prem, this might mean installing
liquid cooling or additional AC units. For cloud, the provider handles it but will
charge for the power usage. Jensen Huang of NVIDIA likens modern Al data
centers to “Al factories” — massive power and cooling demands are a defining
factor (A Primer on Al Data Centers - by Eric Flaningam) (A Primer on Al Data
Centers - by Eric Flaningam).

o Infrastructure vs Deployment Timeline - Building on-premise infrastructure
(from hardware procurement to site prep) can be time-consuming. If a project
timeline is tight, that pushes you toward cloud or colocation options. Conversely,
if using an off-grid approach to avoid lengthy grid upgrades, plan the lead time
to build your power sources (which, as studies show, can still be faster than
waiting for utility power — ~2 years for a solar farm vs 5+ years utility
interconnect (Fast, scalable, clean, and cheap enough)).

Given these interconnections, organizations should plan holistically. Below is a
roadmap outlining phases of Al system planning and deployment, with notes on how
each phase ties into the others:
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Al Deployment Roadmap:

e 1. Define Strategy & Requirements:

Begin with a clear understanding of business objectives and constraints. Identify
the Al use cases (e.g. real-time analytics, model training, edge inference) and
their requirements in terms of data, performance, security, and compliance. This
step should involve stakeholders across IT, data science, security, and the
business. A key output is the decision on deployment model (cloud vs on-prem
vs hybrid) using frameworks like the one above. Example: A bank’s Al team,
noting strict data privacy laws and steady transaction volumes, might decide on
an on-premise, grid-connected deployment to keep customer data in-house and
costs predictable.

e 2. Architecture Design & Procurement Planning:
With requirements set, design the architecture. This includes selecting
hardware (compute servers, GPUs/CPUs, storage systems, networking
equipment) and software stack (Al frameworks, operating systems,
orchestration tools). It’s crucial to ensure compatibility - e.g. verify the chosen
GPUs support the Al frameworks and that networking gear can handle expected
data throughput. Plan capacity for power and cooling if on-prem. At this stage,
also evaluate vendors and cloud providers. If cloud: decide which provider and
services (GPU instance types, managed ML platforms, etc.) to use. If on-prem:
engage vendors for servers, power equipment, etc. This phase often uncovers
dependencies: for example, a decision to use a certain high-speed interconnect
between Al servers might require a specific switch model and cabling, which
influences the data center layout. Security architecture is also designed here
(how will data be encrypted? If air-gapped, how will updates be performed? If
networked, what firewalls and access controls?). The output is a detailed plan
and Bill of Materials or cloud resource plan. Dependencies: Procurement of
cutting-edge Al hardware can have long lead times (in recent years, top GPUs
have waitlists due to demand), so design decisions affect project timeline.

e 3. Ordering & Deployment Preparation:

Initiate procurement of hardware/software or allocate cloud resources. If on-
prem, prepare the site: ensure the data center (or edge location) meets the
needs. This might involve upgrading the electrical supply (installing new
circuits, UPS, backup generators) and cooling systems (adding CRAC units, water
chillers, etc.). If off-grid, this is when solar arrays or generator systems are



installed and tested. Also, set up networking: for cloud, configure connectivity
(VPN or direct connect to your premises if needed for hybrid access); for on-
prem, wire the racks and connect to corporate network (or keep isolated, per
design). Interdependency note: This stage will surface any mismatches - e.g., if
the delivered hardware has different power plug types or heat output than
anticipated, last-minute adjustments to infrastructure might be needed.
Thorough planning in step 2 mitigates such surprises.

4. Installation & Configuration:

Deploy the Al hardware and software. Rack and stack servers, connect
networking, and power them on. Install operating systems, drivers (e.g. NVIDIA
drivers for GPUs), and the Al software environment (frameworks like
TensorFlow/PyTorch, data libraries, etc.). For cloud, this means provisioning the
cloud instances/services and configuring them (setting up storage buckets,
loading data, etc.). Dependency: At this point, any software-hardware
incompatibility will become apparent. For example, certain Al models might
require specific GPU driver versions — the team must ensure everything is
configured correctly for optimal performance. This phase includes implementing
security controls: setting up firewalls, identity and access management,
monitoring agents, etc. If the system is air-gapped, configuration is done
completely offline and tested without internet access (which can be tricky for
software that normally expects to fetch updates or licenses online).
Organizations often use automation (DevOps scripts, Infrastructure as Code) to
make deployments repeatable and consistent — this reduces human error, which
is especially valuable when maintaining both cloud and on-prem in a hybrid
model.

5. Testing & Validation:

Before going live, thoroughly test the system. This includes benchmarking
performance (does the on-prem GPU cluster achieve the expected training
speed? Does the cloud setup handle the load?), and testing failovers. If using an
off-grid power system, test it under load and simulate power source failures
(cloud cover, generator outage) to ensure the backup systems work and the Al
workload isn’t interrupted. Validate security: attempt penetration tests (for
networked systems) or check that no data can flow out (for air-gapped). Ensure
compliance requirements are met — e.g. run an audit if necessary to certify the
system. Testing may reveal the need to tweak configurations (for instance,



adjusting storage 1/0 settings if data loading is a bottleneck). It’s better to solve
these now than after deployment.

6. Deployment & Go-Live:

Move the Al workload into production. For cloud, this might be as simple as
pointing applications to the new cloud service. For on-prem, it may involve
migrating data from legacy systems to the new Al storage, and scheduling jobs
on the new hardware. Often a phased rollout or pilot is wise — run some non-
mission-critical tasks first, then ramp up usage. Users or dependent systems
should be informed of any new access methods (e.g. new API endpoints for an Al
service, or that a model is now running locally instead of cloud). Monitor closely
during go-live for any issues like latency spikes or errors.

7. Monitoring & Operations:

Once running, treat the Al deployment as a living system. Set up continuous
monitoring for performance, availability, and cost. Cloud platforms provide
cost dashboards — review them to avoid surprises. On-prem systems need
monitoring for hardware health (CPU/GPU temperatures, memory usage) and
utilization to ensure you're getting ROI. Implement AIOps or traditional IT ops:
alerts for hardware failures, automated log analysis for anomalies, etc. Because
Al workloads can be dynamic (a new model version might suddenly use more
GPU memory, for example), ops teams should collaborate with data scientists to
anticipate upcoming needs or changes.

8. Maintenance & Lifecycle Management:

Plan for the ongoing maintenance: apply software updates and security patches
regularly (for air-gapped, this involves a controlled process to transfer updates
securely). Rotate hardware when needed — GPUs might be upgraded every few
years as newer, faster models appear and as warranties expire. Manage capacity:
if on-prem usage grows, you might plan the next hardware expansion or consider
bursting to cloud if hybrid. For cloud deployments, stay up-to-date with new
offerings; cloud providers continually release new instance types (e.g. newer
GPU generations) that could improve performance or reduce cost — it may be
strategic to migrate to those over time. Also, continuously evaluate whether the
chosen model is still ideal: e.g. some organizations after operating in cloud for a
while discover cost issues and repatriate workloads on-premise (On Premises
vs. Cloud: Al Deployment's Journey from Cloud Nine to Ground Control - DDN),
or vice-versa if cloud offerings improve. A good strategy remains flexible. In
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practice, many large enterprises adopt a hybrid approach: they adjust the mix
of cloud and on-prem as economics and requirements shift.

Emphasizing the Interconnected Nature: Throughout all these stages, maintain a
feedback loop between Al practitioners (data scientists, ML engineers) and IT
infrastructure teams. For instance, if data scientists decide to use a much larger dataset or
a new algorithm, this could affect storage and compute needs significantly — the
infrastructure plan might need revisiting. Similarly, if infrastructure constraints (say, a
power limitation) impose a cap on how many GPUs can be used, that information must
feed back to the Al team to manage their model’s scope or timeline. In essence, Al
deployment is a team sport: decisions on data, models, hardware, power, and policy all
intersect. A change in one dimension (like a new compliance rule requiring data locality)
can necessitate changes in others (moving an Al workload from cloud to on-prem, for
example). Thus, strategic planning for Al deployments should be cross-functional and
iterative.

By following a structured roadmap and acknowledging dependencies, organizations can
avoid common pitfalls (like underestimating infrastructure needs or miscalculating costs)
and ensure a smoother path from Al project conception to a reliable, running Al service.

3. Financial Modeling & ROI Analysis

Cost is often a deciding factor in the cloud vs. on-premise debate for Al. It’s essential to
model the financial implications of each approach, including not just direct costs but also
the return on investment (ROI) over time. Below, we outline cost components, compare
capital vs operational expenditures, and provide ROI considerations and examples for
both on-premise and cloud deployments.

Cost Components to Consider:

« Upfront Capital Expenses (CapEx): For on-premise, this includes purchasing
servers (GPUs/CPUs, memory, storage), networking gear, racks, power and
cooling equipment, and possibly constructing or upgrading data center space.
For cloud, upfront CapEx is minimal (you might spend on initial proof-of-
concept development or consulting, but essentially you’re using the provider’s



infrastructure). If pursuing an off-grid on-prem deployment, CapEx also covers
power infrastructure (solar panels, batteries, generators, etc.), which can be
significant.

e Operational Expenditures (OpEx): Ongoing costs. Cloud is almost entirely
OpEx - you pay monthly/usage-based fees for compute hours, storage, data
transfer, etc. On-prem OpEx includes electricity to power the systems (and
cooling), hardware maintenance contracts or spare parts, IT staff salaries to
manage the systems, and facility costs (floor space, insurance, etc.). Off-grid
OpEx might include generator fuel or maintenance of energy equipment. Cloud
OpEx can also include network connectivity costs (e.g. dedicated line to cloud)
and any managed services subscriptions.

o Hidden/Indirect Costs: Data transfer fees (cloud providers often charge for data
egress — moving data out of cloud — which can add up if you pull results back to
premises). In on-prem, an indirect cost is the opportunity cost of capital - the
money tied up in hardware could have been used elsewhere. In cloud, an indirect
cost might be less tangible: the risk of vendor lock-in (which could result in
pricing power by the vendor later). Also consider cost of downtime — e.g. if an
on-prem system fails and causes project delays, that has a business cost;
similarly, a cloud outage could impact revenue.

Capital vs Operational Expenditure Considerations:

Choosing cloud or on-prem often boils down to whether you prefer a CapEx-intensive
model or an OpEx model:

e On-Prem (CapEx Heavy): You invest large up-front funds to build capacity.
This brings ownership of an asset that typically depreciates over 3-5 years. The
benefit is that after the initial purchase, usage of that capacity is “free” aside
from power/maintenance — which means if you utilize the hardware fully, the
cost per unit of compute can be much lower than cloud (CLOUD VS. ON-
PREMISE - Total Cost of Ownership Analysis). It also gives you more
predictability; you’re paying for known quantities (hardware, power). The
downside is reduced flexibility - if you over-provisioned, money is wasted on
underutilized gear, and if you under-provisioned, scaling up is slow and requires
more capital. From an accounting perspective, some organizations prefer CapEx
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since it can be depreciated and doesn’t hit operating profit in the same way as
ongoing expenses.

e Cloud (OpEx Only): No large upfront outlay; costs accrue as you consume
resources. This is attractive for organizations that either can’t afford big
upfront investments or want to tie costs directly to project revenue (pay for
compute when you need it, so expenses track the project’s value creation). It’s
inherently more flexible — you can start small and ramp up or down. However,
the lifecycle cost can be higher. Cloud providers charge a premium for the
convenience and services they provide. Over an extended period of steady usage,
those monthly fees can sum to more than buying equipment. In effect, cloud can
be like leasing a car vs buying: you avoid a down payment, but the total of lease
payments may exceed the purchase price over time. One report noted that cloud
“reduces CapEx but may incur higher costs over the subscription lifecycle”
(Cloud vs On-Premise Cost Comparison Guide - Avahi). It’s critical to project the
3-5 year cost of cloud vs owning for a given workload. Many organizations have
been surprised by bills: in a survey by Tangoe, nearly 75% of enterprises found
their cloud bills “unmanageable” once they started running AI workloads
(Repatriating AI Workloads: An On-Prem Answer to Soaring Cloud Costs),
largely due to the high compute and GPU costs.

Cost Estimation Example (Cloud vs On-Premise):
Suppose you need a system with 4 high-end GPUs for an Al project:

e Cloud option: Rent a GPU instance (for example, an AWS p3.8xlarge with 4
Tesla V100 GPUs). AWS cost (as per a public rate in one region) might be on the
order of $8/hour for that instance. Over 1 year of continuous 24/7 use, that is
~$70,000 (not including storage or data egress fees). If usage is not 24/7, the cost
would be proportionally lower, but let’s assume this is a heavy use-case.

e On-prem option: Purchase a server with 4 equivalent GPUs. The hardware
might cost, say, $50,000 for the server fully loaded. Adding power/cooling costs
for a year (estimate ~$10,000 electricity for a 2kW load running 24/7, depending
on rates) brings it to $60,000 total for year one. Already, even in year one, the
costs are in the same ballpark. By year two, the on-prem server might only incur
another $10k of power/maintenance, totaling ~$70k over 2 years, whereas cloud
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would be ~$140k over 2 years if usage stayed constant. In this simplified model,
on-prem reaches a break-even point versus cloud relatively quickly (~around 9-
12 months). Real-world numbers: A German Al company compared a 4-GPU on-
prem server vs. AWS and found 84.3% cost savings in one year by owning the
server, with the on-prem system “profitable from the second month on” of
usage (CLOUD VS. ON-PREMISE - Total Cost of Ownership Analysis).

However, if that GPU system is only used at 20% capacity (e.g., nights and weekends idle),

the equation changes — cloud costs would drop proportionally with usage, while your on-

prem investment is sunk (you’re paying for unused potential). In such a case, cloud might

be cheaper for the actual utilization required.

ROI (Return on Investment) Analysis:

ROI measures the benefit gained versus cost incurred. For Al deployments:

e On-Prem ROI: You calculate how much expense would have been paid to cloud

(or how much value is derived from the AI capability) and compare it to the on-
prem investment. If on-prem gear costs $X and enables $Y worth of value (or
avoided cloud spend) over its life, ROI = (Y — X) / X. High utilization is key to a
strong ROI for on-prem. For example, Dropbox famously undertook an
infrastructure “repatriation” (moving off public cloud to their private
infrastructure) and saved $75 million over two years in storage and compute
costs (The Cost of Cloud, a Trillion Dollar Paradox | Andreessen Horowitz) — a
massive ROI on their data center investment. Similarly, 37signals (the company
behind Basecamp) estimated that by moving off AWS to their own servers, they’ll
save $2 million per year (Why Companies Are Bringing Software Back On-
Prem: Cloud Repatriation and Automation — Warehouse Automation). These
savings over a few years far exceeded the cost of the hardware and engineers to
operate it, resulting in a positive ROI. It’s not just cost savings; ROI can include
performance or capability gains (maybe on-prem allows you to run more Al
experiments, leading to faster innovation — that benefit is hard to quantify but
real). One reason ROI can favor on-prem at scale is that cloud margins are
substantial — an analysis by al6z (Andreessen Horowitz) noted companies at
scale often see cloud eating into margins, and by running their own
infrastructure, they could recapture those costs (potentially boosting market
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value by hundreds of billions across industries) (The Cost of Cloud, a Trillion
Dollar Paradox | Andreessen Horowitz) (The Cost of Cloud, a Trillion Dollar
Paradox | Andreessen Horowitz).

Cloud ROI: With cloud, you don’t invest upfront, but you still should measure
returns on what you spend. The ROI of cloud might come in forms of agility and
faster time-to-market. For instance, launching a new Al-driven service 6
months earlier because cloud allowed immediate start could capture market
share or revenue that an on-prem wait would have lost. This business outcome
can outweigh the higher unit cost of cloud. In fact, research shows the value
cloud provides in enabling innovation can be 5% greater than what is saved in
pure IT cost reduction (In search of cloud value | McKinsey). For cloud ROI,
consider: does using cloud allow you to do things you couldn’t otherwise (e.g.
scale to 1000 GPUs for a week to do a one-time training of a model)? If those
things yield business value (like a breakthrough model), then cloud has a high
ROI for that scenario, even if it appears expensive in isolation. ROI for cloud is
often about opportunity cost — paying a premium to accelerate or to avoid not
doing the project at all. That said, as cloud costs accumulate, at some point the
ROI of continuing in cloud may diminish relative to switching to owned
infrastructure.

Hybrid approach ROI: Many organizations optimize ROI by balancing the two.
They maybe start in cloud (to get going quickly, iterate on models), and once the
workload is well-understood and heavy, they calculate if moving on-prem saves
money. The ROI analysis might show that after reaching a certain scale (say,
constantly using $100k of cloud resources per month), building a $2M on-prem
system that can handle it is worthwhile (payback in under 2 years). This dynamic
strategy is becoming common. Even cloud providers acknowledge that some
customers reach a scale where they return to on-premises (Why Companies
Are Bringing Software Back On-Prem: Cloud Repatriation and Automation —
Warehouse Automation). IDC found 70-80% of organizations plan to repatriate
some workloads due to cost and other factors (On Premises vs. Cloud: Al
Deployment's Journey from Cloud Nine to Ground Control - DDN). For example,
GEICO (a large insurer) moved significant systems to public cloud over a decade,
but later saw costs rise 2.5x and reliability issues, leading them to bring many
systems back on-prem for a better cost/control balance (Why Companies Are
Bringing Software Back On-Prem: Cloud Repatriation and Automation —
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Warehouse Automation). The lesson is that ROI is not static — it must be
revisited as usage and technology prices change. It can be ROI-positive to start
in cloud and later move on-prem (or vice versa if operational costs of on-prem
become too high).

Modeling ROI: It’s recommended to perform a Total Cost of Ownership (TCO) analysis
for a given Al workload under each model. Include all costs over a period (e.g. 3 years),
then estimate the value generated by that workload (this could be direct revenue, cost
savings, improved customer retention, etc.). For each scenario (cloud, on-prem, hybrid),
calculate metrics like net present value (NPV) and ROI. For example:

e In Scenario A (Cloud): 3-year cloud costs = $5M, value generated = $8M — ROI =
(8-5)/5 = 60%.

e In Scenario B (On-Prem): 3-year costs (CapEx amortized + OpEx) = $4M, value =
$8M — ROI = (8-4)/4 = 100%. However, check timing of costs (money spent Day
0 vs cloud spend spread out).

» Also consider intangibles: cloud might have enabled $X additional value by
faster deployment; on-prem might have an additional hidden cost of lower
flexibility.

Capital vs Operational Trade-off: CapEx requires cash or financing upfront. Some
organizations, especially startups or those with tight cash flow, cannot afford large CapEx,
so even if on paper on-prem has better TCO, they opt for cloud because it’s the only
feasible way to start. On the other hand, very large enterprises often have capital and may
even get better bulk pricing on hardware, tilting economics toward on-prem. Cloud
providers do offer committed-use discounts and even financing arrangements that blur
the line (like AWS Savings Plans or enterprise agreements), which can improve cloud cost
effectiveness if you commit to certain usage. Essentially, financial modeling should be
exhaustive and specific to your workload and organization’s financial situation.

Real-world ROI insights:
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e Dropbox: Saved $75M by investing in custom infrastructure (The Cost of Cloud,
a Trillion Dollar Paradox | Andreessen Horowitz) — they reached a scale where
cloud storage costs were huge, and their ROI calculation justified building their
own data centers. This improved their gross margins significantly.

o 37signals (Basecamp): As noted, predicts $10M savings over 5 years by leaving
cloud (Why Companies Are Bringing Software Back On-Prem: Cloud
Repatriation and Automation — Warehouse Automation), after seeing that their
steady application workloads weren’t cloud-optimized cost-wise.

e Public Cloud ROI on innovation: McKinsey found that the business value
enabled by cloud (like faster development, ability to implement AI) can dwarf
pure IT cost concerns (In search of cloud value | McKinsey). For Al projects, this
means if cloud allows you to do Al you otherwise couldn’t, the ROI can be high
even if cloud unit costs are higher. For instance, a pharmaceutical company
using cloud to run Al for drug discovery might incur $1M in cloud costs, but if it
accelerates finding a new drug by even a few months, the financial payoff could
be tens of millions.

ROI of Off-Grid AI: One might ask: does generating your own power pay off? This is a
newer area, but the ROI can tie into energy economics. If an Al data center is in a location
with extremely high electricity prices or limited grid capacity, building an off-grid
renewable setup might both allow the Al project to happen and save operating costs long-
term. For example, consider an off-grid solar-powered Al edge site: initial CapEx for solar
+ batteries is high, but thereafter power is mostly free. If the alternative was diesel
generators or a costly rural grid extension, the ROI of investing in solar can be favorable
over a 5-10 year period while also providing resilience (hard to put a dollar value on
avoiding outages, but for critical ops it’s important). Companies like Electric Outdoors
promote the idea that sustainable off-grid installations can power technology in remote
areas with a good ROI due to revenue from new use-cases (like hosting Al processing for
IoT in remote tourism sites) and avoiding fuel costs (Electric Outdoors | Electric
Adventure Beyond the Grid).

Summary: Evaluate both cost and value. On-premise often wins on pure cost per
compute for constant heavy workloads, whereas cloud wins on low upfront cost and
agility. The best ROI might involve using each where it makes sense (e.g. development
and sporadic workloads in cloud, and known steady large-scale workloads on-prem). Also
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keep in mind the lifespan and depreciation: on-prem hardware typically is most cost-
effective when used heavily for 3+ years; after that, new hardware might be needed to stay
efficient (or cloud prices may drop). ROI analysis should be an ongoing process, revisited
as your Al usage grows or changes.

4. Real-World Case Studies & Benchmarks

Learning from other organizations’ experiences can inform our deployment decisions.
Below, we present case studies comparing on-premise and cloud Al implementations,
along with benchmark data on performance, scalability, and cost-effectiveness observed
in the field.

Case Study 1: OpenAl/Microsoft — Cloud Supercomputer for Al

Context: OpenAl needed massive computing power to train large models (like GPT-3).
Rather than building their own data center from scratch, they partnered with Microsoft,
which built a supercomputer within its Azure cloud dedicated to OpenAI’s workloads.

e Deployment: Cloud-based, but essentially a dedicated cluster (285,000 CPU
cores and 10,000 GPUs) deployed in Azure (Microsoft Says It Built Top-Five
Supercomputer in Azure Cloud for Al). This system was ranked among the top 5
most powerful computers globally at the time (Microsoft Says It Built Top-Five
Supercomputer in Azure Cloud for Al) (Microsoft Says It Built Top-Five
Supercomputer in Azure Cloud for Al).

o Performance & Scalability: They achieved state-of-the-art training capability
in the cloud. The project demonstrated that hyper-scale clouds can handle the
largest Al training runs. Microsoft noted it took only ~6 months to design and
deploy this, much faster than traditional on-prem supercomputers (Microsoft
Says It Built Top-Five Supercomputer in Azure Cloud for Al).

o Key Drivers: Time-to-deployment and scale were critical. By leveraging cloud
infrastructure, OpenAl got access to a vast compute cluster quickly, without
worrying about physical infrastructure logistics. This also allowed them to focus
on modeling work while Microsoft managed the hardware.
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https://www.datacenterknowledge.com/ai-data-centers/microsoft-says-it-s-built-a-top-five-supercomputer-in-the-cloud-for-ai#:~:text=It%20took%20Microsoft%20%E2%80%93%20a,Microsoft%20CTO%2C%20Kevin%20Scott%2C%20said

e Outcome: Extremely positive from a capability standpoint — enabled training of
GPT-3 and successor models. It validated cloud as a viable platform for even the
most demanding Al. However, it’s worth noting Microsoft essentially treated this
as a special project; typical cloud customers wouldn’t easily replicate this
without significant investment. In effect, OpenAl got the benefits of an on-prem
design (dedicated hardware, custom topology) delivered through a cloud
contract.

Insight: For organizations that need rapid, large-scale Al deployment, cloud can
provide unparalleled speed and capacity — especially if you have a strategic partnership
(as OpenAl/Microsoft) or are willing to pay for dedicated resources. It shows cloud’s
strength in scalability and flexibility. The cost was likely enormous, but justified by the
breakthrough AI capabilities and by Microsoft’s investment (as an OpenAl partner).

Case Study 2: Meta Al Research SuperCluster — On-Premises Al
at Scale

Context: Meta (Facebook) built the AI Research SuperCluster (RSC), one of the world’s
fastest Al supercomputers, to advance Al research in-house. This is a fully on-premise
(Meta-owned) deployment in their data center.

e Deployment: On-premise, grid-powered data center. Phase 1 included 760
NVIDIA DGX A100 systems (6,080 GPUs) with high-speed InfiniBand networking
(Meta Works with NVIDIA to Build Massive Al Research Supercomputer), and
they plan to expand to 16,000 GPUs. It’s built with specialized storage and
networking to feed data at hundreds of gigabits per second to the GPUs.

o Performance & Scalability: RSC is designed to train next-gen models that will
be even larger than today’s. Meta claims when fully built it will be among the
fastest Al machines globally. They chose on-prem likely because of the scale and
specific needs (they could tightly integrate the design). Benchmarks show
excellent performance on computer vision and language model training.
Additionally, by owning it, they can tailor everything (security for proprietary
user data, custom cooling solutions, etc.).


https://blogs.nvidia.com/blog/meta-ai-supercomputer-dgx/#:~:text=Meta%20Works%20with%20NVIDIA%20to,NVIDIA%20A100%20GPUs%20linked

o Key Drivers: Data privacy and control were big factors — Meta deals with
personal user data, and keeping that in their own infrastructure helps ensure
privacy and compliance. Cost at Meta’s scale is another driver: owning hardware
is typically cheaper for them given continuous use and their ability to optimize
efficiency. Also, Meta has the in-house expertise to build such complex systems
(and partnerships with NVIDIA, etc.). Latency to their data stores and the ability
to move petabytes of data internally was also key — an on-prem cluster avoids
the huge data egress that cloud would incur for Meta’s datasets.

e Outcome: Meta’s RSC is pushing the envelope of on-prem Al performance. Early
work reported that tasks that previously took 9 weeks on their older
infrastructure could be done in 3 weeks on RSC’s Phase 1 — a 3x speedup, and
this will improve further in Phase 2. It underscores that for Al at the largest scale
with sensitive data, on-prem remains a compelling choice. Meta’s solution is not
cheap (likely hundreds of millions of dollars invested), but for their needs the
ROl is in faster Al development and safeguarding data.

Insight: Organizations that are hyperscalers or have constant, heavy Al workloads (and
the means to invest) often find on-premise bespoke infrastructure advantageous. It
provides ultimate control and potentially lower unit costs at scale. The trade-off is the
complexity and time to build - something Meta can handle but not every company can.

Case Study 3: 37signals (Basecamp) — Cloud to On-Prem
Repatriation

Context: 37signals, a small-to-mid sized company (makers of Basecamp and Hey email),
was using AWS for their services, including some Al features. They made waves by
deciding to leave the cloud entirely and run on their own hardware in order to cut
costs.

e Deployment: Migrated from AWS (various services) to colocation data centers
with purchased servers (including some for search and likely ML workloads like
spam filtering, etc.). Essentially on-prem (in colocation) grid-connected,
networked (not air-gapped).



e Cost & ROI: The driving factor was cost. They publicly shared that running in
AWS was costing them a fortune, and by moving off, they project $2M in
savings annually (~60% cost reduction) (Why Companies Are Bringing
Software Back On-Prem: Cloud Repatriation and Automation — Warehouse
Automation). Over 5 years, that’s $10M saved, whereas the hardware and
colocation costs for that period are much lower. Their reliability also improved in
some areas since they can optimize for their specific use.

o Performance: They reported that after moving, performance was more
predictable (no surprise bills for higher usage, no noisy neighbors). They have
full control to tune performance vs cost (e.g., they can decide not to over-
provision). One challenge they noted was having to build out redundancy and
failover themselves, which cloud did for them before, but those were solvable
with the right engineering.

o Key Drivers: Economics (TCO) and a philosophical preference for control. They
also cited wanting to not be beholden to a big provider for strategic reasons.
Their workloads were relatively steady (“not elastic”), making them ideal for
owning rather than renting.

e Outcome: As of their reports, the migration was successful — they significantly
cut costs without service degradation. It sparked industry discussion on cloud’s
value for mid-sized steady workloads.

Insight: Even smaller firms, not just mega-corporations, can reach a scale where cloud’s
cost outweighs its benefits. If a company’s AI/IT workload is well-understood and stable,
running it on owned hardware can yield big savings. This case also shows that cloud’s
convenience and managed aspects (like autoscaling, multi-AZ redundancy) can be
recreated on-prem with effort, and if that effort is justified by saving millions of dollars, it
can be worth it. It’s a reminder that the “cloud vs on-prem” decision is not one-size-fits-
all; it can shift over time. As 37signals showed, re-evaluating previous cloud-first
decisions is healthy when economics change.

Case Study 4: Government & Defense - Air-Gapped Al Systems


https://www.warehouseautomation.ca/news/why-companies-are-ditching-the-cloud-the-rise-of-cloud-repatriation#:~:text=Two%20recent%20high,cloud%20economics%20and%20infrastructure%20strategies

Context: Certain government agencies (defense, intelligence) require Al capabilities but
in fully classified environments. Public cloud connectivity is not allowed due to security.
Yet, they want to leverage modern Al like GPT models.

o Deployment: Air-Gapped Cloud - an interesting hybrid. For example, Microsoft
built an isolated instance of Azure OpenAl GPT-4 for U.S. Department of
Defense use, hosted in Azure Government’s Top Secret cloud region (Microsoft
deploys air-gapped Al for classified defense, intelligence customers -
Nextgov/FCW). This service is physically and network isolated from the public
internet, essentially an air-gapped cloud. End-users on classified networks can
use the Al, but the model can’t call out or be reached from outside (Microsoft
deploys air-gapped Al for classified defense, intelligence customers -
Nextgov/FCW).

o Drivers: Security and compliance absolutely dominate here. They must ensure
no data leaks. At the same time, they want the cloud-like benefit of not managing
the entire stack themselves and having access to cutting-edge models. By having
Microsoft deploy it in a cleared data center with no outside connections, they get
a middle ground: managed service in a highly secure enclave.

e Performance: Comparable to public cloud performance, since it’s essentially the
same tech, just siloed. Users just experience a bit more latency if their classified
network is slower. But importantly, they maintain security accreditation.

e Outcome: This allowed agencies to use advanced Al (like GPT-4) for classified
analysis tasks which previously would be impossible (you couldn’t send
classified data to the normal ChatGPT on the internet!). It’s a case where a
network decision (air-gap) was key. We also see fully on-prem air-gapped Al in
other defense cases — for instance, armed forces using Al on devices deployed in
the field or submarines, where no connection is present. Those are maintained

by periodic manual updates and are limited to whatever data/models are pre-
loaded.

o Insight: Use cases with extreme security needs will bend the model to
accommodate - either by creating isolated clouds or by deploying on-prem with
no network. The trade-off is functionality: an air-gapped Al might not learn
from new data in real-time or get updates until manually done. But for those
users, that is acceptable compared to the risk of connectivity. The Microsoft
example shows even cloud providers acknowledge this need and create special


https://www.nextgov.com/artificial-intelligence/2024/05/microsoft-deploys-air-gapped-ai-classified-cloud/396354/#:~:text=The%20model%20will%20be%20available,gapped
https://www.nextgov.com/artificial-intelligence/2024/05/microsoft-deploys-air-gapped-ai-classified-cloud/396354/#:~:text=The%20model%20will%20be%20available,gapped

offerings for it.

Case Study 5: Edge Al with Off-Grid Power - Electric Outdoors
(Hypothetical)

Context: Consider a scenario of deploying Al-powered cameras and sensors in a wildlife
reserve to monitor endangered animals. There’s no reliable grid power or internet. A
solution is needed that provides compute on-site (to run AI models on camera feeds) and
works entirely off-grid with solar power, and with intermittent network connectivity.

e Deployment: Off-Grid, On-Premise, Partially Networked. A company like
Electric Outdoors provides a unit (like a solar-powered “compute canopy”) that
can run servers using solar panels and battery storage (Electric Outdoors |
Electric Adventure Beyond the Grid). The AI models (for animal detection) run
locally on that mini data center. Connectivity is achieved via a satellite link used
only to send periodic summaries due to limited bandwidth.

o Key Drivers: Resilience and feasibility — it’s not feasible to bring grid or full-time
network here. Data sovereignty in a sense — the data (possibly sensitive location
info of animals) stays local and only aggregated insights are transmitted. Also
sustainability — using solar to power Al in the wild aligns with conservation
goals.

o Performance: Sufficient for the need - the local GPUs can process video in real-
time. Off-grid power is designed to support 24/7 operation with battery backup.
There is performance overhead to being off-grid (the system might throttle or
prioritize tasks if battery is low), but careful engineering mitigates that.

e Outcome: Successful proof that Al can run in remote areas independently. This
off-grid AI hub can operate for years with minimal maintenance (just occasional
battery checks and cleaning solar panels). It continues running even if a storm
knocks out traditional infrastructure. Use-cases could extend to disaster
recovery (portable Al analysis units when cities have no power) or rural telco
sites using Al for network optimization off-grid.


https://www.electricoutdoors.tech/#:~:text=Electric%20Outdoors%20wants%20to%20revolutionize,to%20get%20away%20and%20disconnect

 Insight: Off-grid Al deployments are emerging wherever either the location is
remote or organizations want to be independent of public utilities. This case
underscores that not all Al lives in big data centers or clouds; some live
literally in the wild. The cost for such setups is increasingly justified by their fast
setup (no power lines to run) and reliability. A recent analysis noted that building
off-grid solar for data centers can be faster than waiting for grid connections,
given the lengthy interconnection queues (Fast, scalable, clean, and cheap
enough). It’s a novel niche, but as Al needs expand, we expect to see more “self-
powered” Al installations for edge computing, disaster resilience, and even ESG
(green Al computation) reasons.

Benchmarks & Performance Comparisons:

To complement the case studies, here are some benchmark findings and general
comparisons:

e Performance: A study by Dell Technologies compared leading Al models
running on-prem vs in cloud across voice, vision, and NLP tasks. They identified
four key factors: economics, latency, regulatory, and fault tolerance — or informally
“laws of economics, physics (latency), land (regulations), and Murphy (failure)” -
as determining which side wins (Cloud Vs On Premise: Putting Leading AI Voice,
Vision & Language Models to the Test in the Cloud & On Premise | Dell
Technologies Info Hub). On pure performance, well-equipped on-prem servers
can outperform cloud instances because you can customize for your workload
(pin cores, optimize I/0) (Cloud Vs On Premise: Putting Leading Al Voice, Vision
& Language Models to the Test in the Cloud & On Premise | Dell Technologies
Info Hub). However, cloud instances can be scaled out to many nodes quickly if
parallelism helps. For latency-critical tasks, on-prem (close to data) consistently
beat cloud when data was remote to the cloud (On-Premises vs. Cloud for Al
Workloads).

o Cost-Effectiveness: Benchmarks of cost per inference or per training step often
show a crossover point: e.g., for a small batch job, cloud is cheaper (you pay a
few dollars and you’re done). For a huge training (millions of steps), owning
hardware wins. Lambda Labs (a GPU cloud provider) even publishes that beyond
a certain usage, leasing dedicated machines or buying is more economical than


https://www.offgridai.us/#:~:text=*%20Off,faster%20to%20build%20than%20large
https://infohub.delltechnologies.com/p/cloud-vs-on-premise-putting-leading-ai-voice-vision-language-models-to-the-test-in-the-cloud-on-premise/#:~:text=The%20decision%20to%20deploy%20workloads,premise%20and%20in%20the%20cloud
https://infohub.delltechnologies.com/p/cloud-vs-on-premise-putting-leading-ai-voice-vision-language-models-to-the-test-in-the-cloud-on-premise/#:~:text=The%20decision%20to%20deploy%20workloads,premise%20and%20in%20the%20cloud
https://www.redapt.com/blog/on-premises-vs-cloud-for-ai-workloads#:~:text=Latency%20is%20another%20crucial%20factor,ensure%20the%20quickest%20response%20times

their own on-demand rates. In one example, running a continual Al workload on
AWS was ~6x the cost of doing it on a self-hosted machine over 2 years (CLOUD
VS. ON-PREMISE - Total Cost of Ownership Analysis).

o Scalability and Parallelism: Cloud offers access to specialized hardware like
Google’s TPUs or very large GPU clusters on demand, which an average company
can’t replicate on-prem. Some research teams have leveraged hundreds of TPUs
on Google Cloud to set ML training speed records, something impossible without
cloud access. On-prem, unless you’re a Meta or similar, you’ll likely have a more
modest cluster. So for problems that scale near-linearly with more chips, cloud
can achieve in hours what would take days or be impossible on a small on-prem
setup. It’s why many academic and startup teams use cloud to do once-in-a-
while big trainings.

o Uptime and Reliability: On-prem data centers can be extremely reliable if well-
engineered (with redundancy, etc.), but smaller setups may suffer if a component
fails and spares aren’t immediately available. Cloud providers boast high uptime
and multiple availability zones. However, when cloud outages do happen, they
can be widespread. Companies with on-prem have sometimes sailed through a
public cloud’s outage unaffected. Conversely, a localized on-prem outage (power
failure in one building) won’t impact your cloud services if you hybrid. So neither
is immune to Murphy’s Law; diversifying may yield best reliability.

« Examples of Hybrid Benchmark: A large enterprise might train models on-
prem on their big GPU cluster for cost reasons, but deploy the inference in cloud
regions worldwide for low latency to users. They measure training cost per
model (cheaper on-prem) and inference latency to customers (better in cloud
CDNs). This hybrid benchmark shows each environment being used to its
strength.

In summary, the real-world data and examples show that both cloud and on-premise
approaches can succeed for Al, but in different ways:

e Cloud shines for fast startup, elastic scaling, and accessing cutting-edge
hardware as a service (as OpenAl’s case showed for massive scale, and
countless startup stories have shown at smaller scale).


https://www.aime.info/blog/en/cloud-vs-on-premise-total-cost-of-ownership-analysis/#:~:text=AIME%20R400%204x%20RTX%202080TI%2C,051%2C80%20%E2%82%AC%20You%20save%2084%2C3

e On-premises shines for known, intensive workloads where long-term cost
and control matter (as Meta’s and 37signals’ cases show, from giant scale to
moderate scale).

o Off-grid and air-gapped cases, while more niche, demonstrate that special
requirements can be met by tailoring the deployment model (be it powering Al
in a jungle on solar, or running Al in a bunker with no internet).

The benchmarks and case studies together underscore a key point: Assess your specific
needs and growth trajectory. Many organizations start in the cloud for convenience,
then migrate some workloads on-prem when scale and cost warrants (cloud repatriation
trend), or they maintain a mix. There are also cases of the reverse (bursting to cloud when
on-prem resources are maxed out). The optimal solution often evolves over time.

5. Comparative Analysis of Deployment Categories

Having explored the frameworks, strategy, financials, and case studies, we now distill a
comparative analysis of the main Al deployment categories: Cloud-Based Al vs On-
Premise Al. Within on-premise, we further distinguish Grid-Connected vs Off-Grid
setups, and Networked vs Non-Networked (air-gapped) systems. Below, we break down
each category, highlighting their advantages, limitations, and ideal use scenarios side-by-
side.

5.1 Cloud-Based Al

Cloud-based Al refers to running AI workloads on infrastructure provided as services by
third-party cloud providers (e.g. AWS, Azure, Google Cloud, or specialized Al cloud
services). This could range from using pre-built AI APIs to renting virtual machines/GPUs
to deploying entire Al platforms on the cloud.

Advantages:



o Scalability & Elasticity: Perhaps the biggest advantage. Need more power? Spin
up more instances. Cloud scales near-infinitely and quickly. This is crucial if your
Al workload is variable or if you suddenly must train a larger model. There’s
virtually no capacity ceiling — for example, startups can utilize thousands of
GPUs in the cloud for a week-long experiment without owning a single server.

o Fast Deployment & Experimentation: No procurement delay — resources are
“on-demand”. This accelerates projects. Developers can quickly try different
configurations (GPU types, memory sizes) by simply selecting different instance
types. New Al services (like a new GPU generation or a new managed ML service)
are offered by providers regularly, and you can adopt them immediately.

e Reduced Maintenance: The cloud provider handles hardware failures,
upgrades, and facility operations. Your team doesn’t swap out hard drives or
worry about power supplies - it’s abstracted away (Cloud vs On-Premise Cost
Comparison Guide - Avahi). This allows smaller teams to operate sophisticated
Al pipelines without a dedicated hardware ops division.

e Global Reach: Cloud data centers are worldwide. You can run Al inference close
to users in many regions for low latency. If your business is global, cloud makes
it easier to deploy geographically distributed Al services.

o Cost Flexibility: If you only need an Al cluster for a short period (say a one-
month project), cloud might be far cheaper than buying equipment for that
period. You pay for exactly what you use (plus some overhead). It also turns a
large fixed cost into a variable cost that tracks usage, which is attractive for
accounting reasons (no depreciation, etc.).

e Access to Specialized Services: Cloud providers offer Al-specific services: e.g.
Google’s TPUs (Google Cloud) which are not available for purchase off-prem, or
services like Azure Cognitive Services, AWS SageMaker, etc., which provide
integrated environments, AutoML, data labeling, etc. These can speed up
development. Cloud can also integrate data services (like data lakes, streaming)
easily with Al services.

Drawbacks:


https://www.avahitech.com/blog/cloud-vs-on-premise-cost-comparison-guide#:~:text=On,divert%20resources%20from%20strategic%20initiatives

o Data Security & Compliance Risks: Storing data in the cloud and moving it
over the internet can raise security concerns. While providers have strong
security measures, some organizations have policies disallowing certain data to
be off-prem. There’s also a perception risk: trusting a third party with your
crown-jewel data or models. Compliance can be tricky if laws require data to not
cross borders and a cloud region in that country isn’t available or certified. Some
industries (finance, healthcare, government) scrutinize cloud very heavily for
these reasons.

o Potential for Vendor Lock-In: If you heavily use a cloud’s Al services (say a
proprietary model serving platform or TPU), it may be non-trivial to migrate
away. Over time, this could limit flexibility or give the vendor pricing power.
Companies have found it difficult to rearchitect their applications to move off a
cloud once deeply integrated (The Cost of Cloud, a Trillion Dollar Paradox |
Andreessen Horowitz) (The Cost of Cloud, a Trillion Dollar Paradox | Andreessen
Horowitz).

e Performance Limitations: While cloud hardware is high-end, there can be
multi-tenancy side effects. For instance, you share network bandwidth on a
physical host or I/O to storage with others (unless you pay for dedicated
instances). This can sometimes cause variance in performance. Also, latency to
cloud can be an issue if your users or data are far from the cloud data center
(though this can be mitigated by clever architecture).

e Ongoing Cost & TCO: As discussed, cloud can become expensive at scale. Many
companies initially underestimate the cost, then get “bill shock” when usage
ramps up (Repatriating AI Workloads: An On-Prem Answer to Soaring Cloud
Costs). Cloud providers charge for every little thing (compute time, storage per
GB, data transfers per GB, sometimes even API calls, etc.). Over a long period,
this metered model can result in higher costs than expected, especially if the
system isn’t optimized or if usage grows. It’s been called a “trillion dollar
paradox” that cloud is great early but can pressure margins later (The Cost of
Cloud, a Trillion Dollar Paradox | Andreessen Horowitz) (The Cost of Cloud, a
Trillion Dollar Paradox | Andreessen Horowitz). Good governance and cost
optimization (using reserved instances, shutting down idle resources, etc.) are
necessary to manage this.


https://a16z.com/the-cost-of-cloud-a-trillion-dollar-paradox/#:~:text=However%2C%20as%20industry%20experience%20with,starter
https://a16z.com/the-cost-of-cloud-a-trillion-dollar-paradox/#:~:text=Now%2C%20there%20is%20a%20growing,of%20which%20entailed%20repatriating%20workloads
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e Dependency on Internet/External Factors: If your internet connection to the
cloud fails, you lose access (for on-prem users to use a cloud Al, connectivity is
required). Also, outages in a cloud provider (though rare in top-tier providers)
can happen and are out of your control. You also depend on the provider to
maintain the environment; e.g., if they discontinue a service you rely on, you
must adapt.

o Data Transfer and Gravity: Large data sets can be costly and slow to move
to/from the cloud. If you have petabytes on-prem and want to use cloud for Al,
you might face a big initial upload, and if you need results back, downloads. High
network throughput to cloud can be expensive. The concept of data gravity
suggests keeping compute near the largest bulk of data (On-Premises vs. Cloud
for Al Workloads) - if your data is on-prem, moving Al to cloud might not be
ideal.

WebAI - Example of Cloud-Based Al Service (with a twist): WebAl is a representative
example of an Al platform offered by a third party that illustrates both the benefits and
evolving nature of cloud-based Al. WebAlI provides an Al development and deployment
platform for enterprises. While it is an external service (so conceptually “cloud-based”),
its approach is to enable Al to run securely and privately, often on the customer’s
local devices or infrastructure in conjunction with the cloud platform. It’s marketed as
“the most complete solution for enterprise-grade AI” that is secure and under your control
(webAlI: Enterprise grade local Al applications).

o WebATI’s value proposition highlights concerns many have with standard cloud
Al it explicitly says it avoids having to “trade security for convenience” that
centralized public clouds often demand (webAlI | The webAI Winter Release:
Private Al for Everyone). WebAlI allows model training and inference to happen
on hardware the company owns (on-prem or edge devices), with the cloud
component coordinating it. This is essentially a hybrid model delivered as a
service - giving cloud-like ease while keeping data local. For example, WebAI’s
Navigator module lets users train models locally with no cloud data leakage
(webAlI | The webAl Winter Release: Private Al for Everyone) (webAl | The webAlI
Winter Release: Private Al for Everyone), and Infrastructure module can
distribute workloads across company hardware worldwide (webAl | The webAI
Winter Release: Private Al for Everyone).


https://www.redapt.com/blog/on-premises-vs-cloud-for-ai-workloads#:~:text=Data%20gravity%20is%20a%20concept,premises%20and%20cloud%20infrastructure
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o Why this example matters: It shows how cloud-based Al services are adapting
to meet needs for data privacy. Not all cloud AI means your data sits in someone
else’s data center all the time. WebAlI and similar “distributed cloud” or “edge
cloud” solutions blur lines: you get a third-party platform (so you don’t build
everything yourself), but it leverages your on-prem resources for execution. The
result is benefits like lower latency and better security (data “never leaves the
company” in WebA[I’s case (webAl: is your company's artificial intelligence that
is only yours | City Magazine) (webAl: is your company's artificial intelligence
that is only yours | City Magazine)) while still enjoying a managed service.

o Capabilities: WebAlI allows global deployment of Al models, with central
management but edge execution (webAl: Enterprise grade local Al applications)
(webAl: Enterprise grade local Al applications). It’s useful for companies that
want cloud orchestration but also data locality. For instance, a bank using
WebAI could train models on-premise (complying with data regs) but use the
WebALI cloud interface to manage experiments and then deploy models to branch
office servers. WebAlI essentially competes by saying it offers better security and
potentially lower long-term cost by using local compute (because as their
marketing notes, cloud Al often means paying repeatedly for the same
computations and sharing data with providers, whereas local execution you pay
for hardware once and keep data in-house (webAl: is your company's artificial
intelligence that is only yours | City Magazine)).

o Limitations: As a newer service, one must consider vendor risk (startups can
come and go). Also, if your hardware isn’t up to par, you must invest in that —
WebAI doesn’t magically give you infinite scale unless you attach more hardware
or cloud nodes. It’s a specific solution for those who are looking for a balance.

In summary, Cloud-Based Al offers scalability, flexibility, and speed of deployment.
It’s often the go-to choice for starting new Al initiatives or handling spiky workloads. Its
downsides revolve around control — control of data, control of costs, and control of the
environment. Innovative services like WebAlI are arising to mitigate some of those
downsides by combining on-prem advantages with cloud management. The cloud model
excels for organizations that prioritize quick results, global reach, and lack the internal
infrastructure, or those for whom the cloud’s managed services significantly accelerate
development. It can falter for organizations with large steady workloads (cost issues) or
extremely sensitive data (compliance issues) unless adaptations are made (like special


https://citymagazine.si/en/webai-is-your-companys-artificial-intelligence-that-is-only-yours/#:~:text=webAI%20has%20a%20different%20vision,and%20complete%20control%20over%20information
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cloud regions or hybrid models).

5.2 On-Premise Al

On-Premise Al refers to running Al workloads on infrastructure that is owned or
dedicated to the organization, typically located on the organization’s own premises or a
colocation facility. This category has a spectrum of implementations:

e Grid-Connected: Using conventional electrical grid power (like any other data
center).

o Off-Grid: Using self-contained power sources (solar, wind, generators, etc.).

o Networked: Connected to networks (could be internal network, internet, or
both).

e Non-Networked (Air-Gapped): Isolated with no external network connectivity.

We address each subcategory and also note the network aspect where relevant.

5.2.1 Grid-Connected On-Premise Al

This is the traditional setup: an on-premise data center or server room drawing power
from the local utility grid. It’s connected to the organization’s network and possibly the
internet (with firewalls/VPNs as needed).

Advantages:

o Complete Control: You own and control all layers — hardware, data, software.
This allows customization at every level. Security can be as tight as you design it
(physical access controls, custom encryption, etc.), and you don’t share resources
with others.

o Data Sovereignty & Privacy: Data stays on-prem. This makes it easier to
comply with regulations that require sensitive data to remain in-country or on
company-controlled systems. For example, many healthcare and financial
institutions feel more comfortable when patient or client data never leaves their



servers. It also avoids any risk of a cloud provider inadvertently accessing or
using your data. As one analysis put it, on-prem keeps critical data in-house,
providing physical control essential for privacy-sensitive industries (Cloud vs
On-Premise Cost Comparison Guide - Avahi).

o Potential Cost Savings: If utilized fully, on-prem can be cost-effective. You’re
effectively cutting out the cloud provider’s profit margins. Studies and real cases
have shown significant savings at scale (earlier we cited Dropbox, 37signals,
etc.). Especially for predictable, high-volume workloads, the per-unit cost of
compute or storage on-prem can be much lower. This is why we see repatriation
trends — 70-80% of orgs planning to shift some workloads back to private
infrastructure (On Premises vs. Cloud: Al Deployment's Journey from Cloud Nine
to Ground Control - DDN) for cost reasons.

o Performance: On-prem can provide very high and consistent performance. You
can build high-speed networks (like InfiniBand or NVLink between servers) that
match your workload. Latency is minimal when users or data sources are in the
same building or campus. Also, you can avoid the overhead of virtualization if
you want by running on bare metal. There’s no “noisy neighbor” issue of multi-
tenant clouds. For data-intensive tasks, having the computation adjacent to your
data store in the same facility is often the fastest solution (addressing data
gravity).

o Reliability & Predictability: You can design redundancy as you see fit —
multiple power feeds, UPS, backup generators, etc. With proper design, on-prem
can achieve very high uptime. And because you’re not dependent on an external
network to access it (if your users are on the same LAN, for instance), it can
continue operating even if the outside internet is down. It also insulates you
from cloud outages or policy changes. Many organizations like the control of
knowing their system will run as long as they keep the lights on.

Drawbacks:

o High Upfront Costs: Building an Al computing environment on-prem requires
significant initial investment (CapEx) as discussed. Hardware can be expensive —
for cutting-edge Al, just a single server with 8 top GPUs can cost over $200k.
Then, facility costs: if you don’t already have a data center space, building one
(or even a small server room with proper cooling and power distribution) is not
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trivial.

o Longer Lead Times: Procuring hardware can take weeks or months, setting up
the data center can be months, etc. You can’t “click a button” to double your
capacity overnight (unless you have pre-purchased spare capacity). So, on-prem
is less agile in scaling. Capacity planning is needed to avoid shortfalls.

 Maintenance & Expertise: You need skilled personnel to manage the
infrastructure — system administrators, engineers to handle hardware issues, etc.
There is an operational overhead to on-prem (Cloud vs On-Premise Cost
Comparison Guide - Avahi). Patches, upgrades, replacements — all that must be
handled in-house. For smaller companies, this is a burden (hiring just for this
might not be feasible). In cloud, many of these tasks are invisible to the user.

o Hardware Obsolescence: Al hardware evolves quickly. If you invest a huge sum
in on-prem hardware, in 3 years it might be far less efficient than newer tech.
Cloud providers continuously update their offerings, but if you own hardware,
you face a decision in a few years: stick with older, slower (and possibly less
energy-efficient) hardware, or spend again to upgrade. Some mitigate this via
leases or by buying in smaller incremental updates regularly.

o Limited Burst Capability: If suddenly you need to handle 10x your normal
workload (say a one-off analysis or spike in usage), on-prem might not cope
unless you intentionally over-provisioned for such events. Otherwise, you’re
limited to what you have. Cloud has an edge here with its elasticity. Many on-
prem deployments still maintain some hybrid link to cloud for overflow capacity
in such scenarios.

Ideal Use Cases for Grid-Connected On-Prem:

e Organizations with steady, heavy Al workloads (e.g. a research lab
continuously training models, or a large enterprise doing nonstop analytics)
where owning the infrastructure yields cost benefits.

o Highly regulated industries that require full control over data (banks,
healthcare, government). On-premise simplifies compliance audits, as noted: an
air-gapped or tightly controlled on-prem environment can “pass even the most
demanding audit” (Why Are Companies Doing On-Prem Air Gap Installations
Now?) because you can demonstrate exactly where data lives and who has
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daccess.

o Scenarios with significant existing infrastructure - if a company already has
a robust data center and IT staff, extending it for Al is a natural move. They can
leverage existing capital.

o Performance-sensitive applications where latency must be ultra-low or data is
extremely large locally. For example, autonomous vehicle R&D often has on-
prem clusters at test labs to instantly process sensor data being generated, rather
than trying to upload terabytes to cloud daily.

o Cost-sensitive at scale — companies that have crunched the numbers and found
on-prem TCO to be far lower. (As an example, many trading firms build on-prem
Al infra because over time it’s cheaper and they require custom hardware tuning
for speed.)

5.2.2 Off-Grid On-Premise Al

Off-Grid on-prem refers to deployments where the Al computing infrastructure is
independent of the traditional power grid. This could be due to necessity (no reliable
grid at the location) or design (a desire for autonomy or sustainability). These systems use
dedicated power sources: solar panels with battery storage, wind turbines, hydro
generators, fuel generators, or a combination.

Advantages:

o Power Autonomy & Resilience: The ability to run without grid power can be a
huge advantage in certain scenarios. If the public grid experiences an outage or
if you’re in an area with an unstable grid, your Al operations are unaffected. For
mission-critical systems that need to run through natural disasters or in remote
field operations, off-grid ensures continuity. It’s like having UPS and backup
generator on steroids — the system is always islanded from grid issues. For
example, if a nation-wide blackout occurs, an off-grid Al data center (with
sufficient fuel or storage) keeps running, which is invaluable for, say, emergency
response Al systems or defense systems.



e Rapid Deployment in Underserved Areas: As mentioned earlier, getting a new
high-capacity grid connection can take years (in the US, interconnection queues
are very long) (Fast, scalable, clean, and cheap enough) (Fast, scalable, clean, and
cheap enough). Off-grid microgrids can potentially be set up faster. If an
organization wants to set up a computing center in a location but the power
utility says a substation upgrade will take 3 years, they might opt to deploy solar
+ generators and be up in 1 year. A study found large off-grid solar farms for data
centers could be operational in ~2 years vs 5+ for grid expansion (Fast, scalable,
clean, and cheap enough).

o Sustainability (Green Energy): Many off-grid setups leverage renewable energy
(since if you’re going to produce your own power, might as well use free sun or
wind if available). This aligns with corporate sustainability goals and can reduce
carbon footprint. Companies may pursue off-grid Al to ensure their compute is
100% renewable-powered, rather than relying on the grid which might mix in
fossil fuels. This is attractive for “green AI” initiatives.

o Avoiding Peak Power Costs / Utility Issues: In some regions, electricity prices
are very high or there are strict limits on usage. Off-grid, once you invest in the
infrastructure, you might lower your operating costs (sunlight has no monthly
bill). Even using generators can be cheaper in some contexts if grid tariffs are
exorbitant. Also you avoid any potential issues like “power curtailment” or being
asked to reduce usage during peak times (which can happen if grids are stressed).

o Data Sovereignty & Location Choice: Off-grid allows you to put compute in
locations that otherwise couldn’t support it. For example, putting an Al data
center in a remote area near where certain data is generated (an observatory in
the desert, a mining site, a border security zone) — you can do it if you bring your
own power. This ties into edge computing: sometimes the edge has no grid, but
you want compute there to process data locally (for latency or privacy). Off-grid
enables that.

Drawbacks:

o Complexity of Power Management: Running your own power plant (even a
small one) is an added layer of complexity outside of IT. It requires electrical
engineering, maintenance, and dealing with the variability of sources like solar.
If solar/wind, you need battery storage for nights and calm periods, plus possibly
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backup generators for when renewable generation is low. This is essentially
operating a mini utility — not a trivial endeavor for most orgs. Partnerships or
outsourcing to microgrid providers can help (there are companies that will build-
operate-maintain a solar farm for you under contract).

o Upfront Cost & Footprint: Building off-grid power can be expensive. Solar
panels and batteries, or turbines, etc., have significant costs (though they
provide value over many years). Also, they require physical space. The power
density of solar is low, so to support a data center, you need a large area of
panels. Not all locations have that available next to the facility. Generators
require fuel storage, which is a logistic and safety concern. So, planning and
investment are heavy.

o Energy Reliability Issues: If not designed perfectly, an off-grid system could
run out of power (e.g. extended cloudy days deplete batteries, or generator fails
without grid backup). Grid power is generally very reliable in developed regions,
so going off-grid you assume responsibility for reliability. Many off-grid systems
are hybrids (solar + diesel generator backup, for instance) to mitigate this. But
fuel delivery, mechanical breakdown, or extreme weather could impact the
power supply. Redundancy needs to be built in (multiple generators, oversized
solar and battery capacity, etc.), which again increases cost.

o Scaling tied to Power Scaling: If your compute needs grow, you can’t just plug
in more servers unless you also expand your power generation and possibly
storage. On-grid, often the limitation is just paying for more electricity. Off-grid,
you physically must produce more. That might mean adding more panels, which
might mean acquiring more land, etc. It’s doable but another factor to manage.

e Regulatory and Permitting: Setting up power generators might require permits
(environmental approvals for a solar farm, noise permits for wind or diesel, etc.).
In some cases, feeding power infrastructure might even trigger regulatory
oversight (though if it’s entirely self-contained and not feeding into the public
grid, it’s usually simpler).

Use Cases & Examples:



o Data Sovereignty in Remote Regions: Some countries or regions might want
Al compute but not rely on another country’s grid or cloud. Building an off-grid
data center could ensure full sovereignty. For instance, a government could
commission an off-grid Al center in a secure location to guarantee operations
even under cyber warfare against the grid.

o Resilient Al for Disaster Response: Trailers or containers with off-grid Al
(satellite connected) could be deployed to disaster areas (wildfires, hurricanes)
where grid is down, to run computer vision on drone footage, coordinate
logistics, etc.

o Electric Outdoors & Similar: Electric Outdoors (the example given) provides
off-grid platforms with sustainable energy, originally for EV camping, but
conceptually such platforms could host compute. A company like OffGridAl
(hypothetical name from the blog) might emerge, offering modular off-grid Al
data centers. The cited analysis suggests it is a compelling alternative to adding
gas power plants for Al — if done right, off-grid solar plus batteries can approach
cost parity with grid power today (Fast, scalable, clean, and cheap enough),
making it economically viable, not just a workaround.

o Edge Al in Industrial IoT: Oil rigs, ships, remote farms might run Al on-prem
off-grid because they either are mobile or too remote. They might use local gas
(for a generator) or solar if feasible to power Al that monitors equipment or does
predictive analytics on-site.

The Rationale Recap: Off-grid Al is pursued for a mix of data sovereignty, resilience,
and sustainability. Data sovereignty because the entire operation can be self-contained
geographically. Resilience because it’s immune to grid failures (which could be caused by
cyber attack or natural disaster). Sustainability if using renewables helps meet green
targets or avoids using a carbon-intense grid. For example, Electric Outdoors’ canopy is
100% solar-powered, enabling tech use “beyond the grid” with zero emissions (Electric
Outdoors | Electric Adventure Beyond the Grid) (Electric Outdoors | Electric Adventure
Beyond the Grid). These factors make off-grid Al a strategic choice for certain forward-
looking organizations.

Networked vs Non-Networked (Air-Gapped) On-Premise Al
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This dimension deals with whether the on-premise Al system is connected to any outside
networks. Networked means it communicates over networks (could be the corporate
LAN, the internet, etc.). Non-networked, often referred to as air-gapped, means it is
physically and logically isolated from any external network — no internet, often not even a
company-wide network; it might be a closed LAN at most or completely standalone.

While we touched on some points earlier, here we’ll focus on security and use-case
differences of these.

Networked On-Prem:

o This is the standard scenario for most on-prem deployments. The Al system is
connected to the organization’s network, so users can access it, it can query
databases, etc. It may also have controlled internet access (for updates or pulling
external data) depending on policy.

o Advantages: Ability to integrate with everything. Data pipelines can flow in and
out. Users anywhere (with VPN or in office) can use the Al resources. It’s
convenient for updates (one can download patches or container images from the
internet). It also allows hybrid cloud workflows — e.g., an on-prem Al server
might still use cloud storage or call an API if allowed.

e Security Considerations: While more secure than public cloud in the sense that
it’s within your firewall, a networked on-prem system is still potentially
reachable by malicious actors if they penetrate your corporate network or if an
insider acts maliciously. Proper network segmentation, firewalls, and monitoring
are needed. The data is still in your data center, which is good, but if that data
center is connected, one must assume anything connected can be breached
somehow (through phishing of an admin, malware on a device that then hops to
the server, etc.). So many organizations keep their on-prem Al on a separate
VLAN or network segment with strict access controls.

o Use Cases: Virtually all normal business and research uses. You’d use networked
on-prem for everything from enterprise analytics to internal Al platforms, unless
there’s a very special reason to disconnect it.

Air-Gapped (Non-Networked) On-Prem:



o This is a specialized setup for maximum security. The system is kept isolated: no
internet, often no connection to the main corporate network either. If
networking exists, it’s a closed loop among a few machines that are all within the
same security boundary.

e Sometimes “air-gapped” implies even more than just no network: it could mean
the computers are in a room with extra physical security, and data transfer is
only via removable media that is scanned and manually approved (the
“sneakernet” approach (Why Are Companies Doing On-Prem Air Gap
Installations Now?)).

o Advantages: Security is the primary one. Data stays entirely within the
system, and it’s near-impossible for a remote attacker to access it because there
is literally no network path. This drastically reduces attack surface: no open
ports, no remote logins, nothing. It also prevents any data exfiltration unless
someone physically removes it. For highly sensitive intelligence, defense, or
trade secret data, this is the gold standard. It also protects against certain
supply-chain risks; e.g., even if malware somehow got on the system, without
network it might not be able to transmit anything out or receive command-and-
control instructions easily.

o This setup also helps with compliance in extreme cases. For example, some
defense contracts explicitly require certain systems to be air-gapped. Also, it
largely neutralizes threats like ransomware (which often spreads via networks).
An air-gapped system would have to be intentionally or unintentionally infected
via an inside job or contaminated USB — which is much harder than the everyday
barrage of network attacks. Air-gap was traditionally used in industrial control
(SCADA) systems and critical infrastructure to protect them.

o Drawbacks: Extremely inconvenient for operations. As noted, installation and
updates must be done via physical means. This means if a critical patch is
released (say a vulnerability in your Al software), you have to physically bring it
in and update. If your system is geographically far or in a sealed environment,
that’s slow. It also means you can’t easily pull in new data; everything must be
sneakernetted. Collaborative work is hindered — users might have to come to a
particular terminal to use the Al or use a separate isolated workstation
environment. Development on an air-gapped system often lags because
developers might do work on an internet-connected system then carefully port it
over.
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e Maintenance: Without network, remote monitoring is gone. You may have to

periodically go on-site to check logs or swap drives. Some solutions allow one-

way network links (data diode devices) to export data out in a high-security way,

but not allow any input — these are specialized and expensive, but sometimes

used so that an air-gapped system can send out alerts or results without risking

inbound connections.

e Use Cases:

Military/Defense: E.g., an Al system that helps analyze classified
satellite imagery might be air-gapped within a SCIF (secure facility).
The models and data are classified, so training and inference all happen
inside, and only cleared personnel can input or output via secure
methods. Microsoft’s isolated GPT-4 for classified networks is
conceptually similar — it’s not connected to the public internet
(Microsoft deploys air-gapped Al for classified defense, intelligence
customers - Nextgov/FCW).

Intelligence Agencies: Any Al that processes top-secret data likely sits
on air-gapped top-secret networks (which themselves are effectively
air-gapped from unclassified nets).

Critical Infrastructure AI: For instance, Al that monitors a nuclear
power plant’s sensor data. One might deploy it on the plant’s internal
network with no external connectivity for safety. If it needed updates,
those would be delivered on-site. This ensures that even if corporate IT
or internet is compromised, the reactor’s Al monitoring stays secure.

Highly Sensitive Corporate Trade Secrets: If a company is extremely
concerned about industrial espionage, they might keep certain models
(say a formula or process encoded in an Al) off-network. However, this
is less common because it’s a heavy restriction for a corporation.

Regulatory Requirements: Some privacy regulations might be so
strict for certain kinds of personal data that an organization chooses an
isolated environment to guarantee compliance (though usually internal
controls suffice; air-gap is more a security choice than a regulatory
mandate in commercial sector).
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One interesting note is that air-gapped doesn’t always mean no networking at all;
sometimes it means a closed network. For example, a bank might have an Al system in
a cage that’s only connected to a separate network not routed to the internet or even the
rest of the bank network. Data from production is fed in via strictly controlled means.
This is a variant of air-gap intended to limit breaches.

Also, some vendors provide solutions for air-gapped environments, e.g., portable update
appliances or offline license servers, recognizing that a segment of customers operate this
way (as noted in the Replicated.com article: many software vendors historically avoided
selling to air-gapped envs because of the complexity, but now tools exist to ease
packaging software for them (Why Are Companies Doing On-Prem Air Gap Installations
Now?) (Why Are Companies Doing On-Prem Air Gap Installations Now?)).

Comparative Insight: Networked vs Air-Gapped is basically convenience vs security.
Air-gapped systems are the extreme end of security-first design (“security by isolation™).
Networked on-prem tries to balance security with usability. As the Palo Alto Networks
article title suggests, some say “the air gap is dead” as a concept because even air-gapped
systems have vulnerabilities (e.g. Stuxnet was a famous case where an air-gapped nuclear
facility network was infected, likely via USB). But in practice, air-gapping remains a
critical approach for the highest security needs.

Summary of On-Prem Categories:

e Grid vs Off-Grid: Grid-connected on-prem is the default for most, providing
easier power and growth at the cost of reliance on utilities. Off-grid is chosen
when grid power is not available or not adequate, or for strategic independence
and green energy integration. Off-grid is on the rise as a solution to power-
hungry Al deployment delays (Fast, scalable, clean, and cheap enough),
especially as companies seek sustainable energy solutions.

o Networked vs Air-Gapped: Most on-prem deployments are networked for
practicality, enabling integration and easier management. Air-gapped
deployments are reserved for those scenarios where the threat of connectivity
outweighs all benefits — typically national security or ultra-sensitive data
scenarios. They ensure maximal security at the cost of flexibility and ease of use.

To tie these together, one could imagine a matrix of four extreme combos:
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1. Grid + Networked (standard enterprise Al cluster),
2. Grid + Air-Gapped (e.g. a classified government lab in a city with grid power),

3. Off-Grid + Networked (e.g. a remote research station with satellite uplink,
running Al on solar),

4. Off-Grid + Air-Gapped (e.g. an autonomous Al system in a secure bunker that’s
entirely self-powered and isolated — perhaps for survivability in extreme events).

Each has its niche. Most organizations will land in the Grid + Networked quadrant. But it’s
valuable to recognize the others for strategic planning - for instance, if you need
continuity of operations through a catastrophe, Off-Grid + Air-Gapped might be the only
combo that ensures that (no dependence on public infrastructure at all).

6. Implementation Considerations

Finally, regardless of the model chosen, there are practical implementation
considerations to address. These include the selection of appropriate hardware, ensuring
supporting infrastructure (facilities, cooling, power capacity), operational processes, and
compliance measures. We will discuss these considerations in a checklist-style format, as
they largely apply to on-premise deployments, though some also relate to cloud (in terms
of how you configure cloud resources).

1. Hardware Selection: Choosing the right hardware is critical for AI performance and
efficiency.

e Processors/Accelerators: Determine whether you need GPUs (and what kind),
TPUs, specialized Al chips, or just CPUs. For training deep neural networks, GPUs
(NVIDIA A100/H100, etc.) are industry standard. For inference, depending on
scale, CPUs might suffice or you might use lower-power GPUs or FPGAs. If using
cloud, you’ll choose instance types accordingly (AWS has p3/p4 for NVIDIA
GPUs, Google has TPU vMs, etc.). On-prem, consider vendor offerings like
NVIDIA DGX systems (which are turnkey Al servers) vs. OEM servers with GPU
slots. Also consider future-proofing (can you easily add newer GPUs later?).



e Memory and Storage: Al workloads can be I/O intensive. High RAM per GPU (to
feed large datasets) and fast storage (NVMe SSDs or even NVMe-over-fabric,
specialized Al data storage solutions) are important. Ensure the storage can
handle the throughput (especially if multiple GPUs reading in parallel). In on-
prem clusters, many use parallel filesystems or high-performance NAS. Cloud
provides high IOPS disks and high-throughput block storage options, which
should be chosen appropriately.

o Networking: If you have multiple nodes that need to communicate (distributed
training), a high-bandwidth, low-latency network like InfiniBand or 100+ Gbps
Ethernet with RDMA support is crucial. Implementation detail: On-prem, you’d
plan a specialized cluster network for the Al servers separate from normal office
network. In cloud, ensure you place instances in the same placement group or
use cloud-specific high-performance networking features to minimize latency
between instances.

o Hardware Sizing: It’s often useful to do a pilot or POC on a smaller scale to
understand hardware needs. For instance, run a portion of your training on one
GPU to estimate scaling to eight GPUs. Use vendor guidelines and reference
architectures — many hardware makers publish reference designs for Al clusters
including power and cooling needs.

2. Infrastructure (Facility) Requirements:

e Space & Racks: Do you have rack space available? High-density Al gear might
mean many U (rack units) of space and possibly needing extra floor
reinforcement if very heavy. Some high-density systems are heavy due to GPUs,
large coolers, etc.

e Cooling: Al hardware can push power densities that challenge traditional
cooling. E.g., a single rack fully loaded with GPUs can exceed 30 kW of heat.
Traditional enterprise data centers might be designed for 5-10 kW/rack. So you
may need to invest in better cooling solutions. Options include in-row coolers,
rear-door heat exchangers, liquid cooling (direct-to-chip water cooling or
immersion cooling). Implementation: If retrofitting an existing server room, one
might spread out the Al servers across racks to not overload one rack’s cooling,
or install contained hot/cold aisles. Monitoring temperature is key — GPUs will
throttle if running hot, affecting performance.



e Power & Electrical: Ensure sufficient power circuits and distribution. High-
power servers may require higher voltage feeds (some data centers use 208V or
415V to racks instead of typical 120V to reduce current). Check the connector
types for servers (some use C19/C20 plugs for higher amperage). Also, UPS
(uninterruptible power supplies) should be sized to handle the load, and
generator backup should be in place if continuous operation through outages is
required. If off-grid, ensure your generation and storage meet at least peak load
plus some safety margin.

o Fire Suppression & Safety: Al hardware is an investment — have proper fire
suppression (e.g. FM200 or inert gas systems) in the server area. Overheating
components can pose fire risk (though rare if cooling is done right). Ensure
sensors and alarms are in place.

o Physical Security: Especially if handling sensitive data, secure the room with
access control (badge or biometric entry, CCTV). Servers containing valuable IP
or personal data should be protected from physical theft or tampering.

3. Software Stack and Dependencies:

o Al Frameworks: Decide on the frameworks (TensorFlow, PyTorch, JAX, etc.) and
ensure compatibility with chosen hardware (e.g., does it support the GPUs or
TPUs you chose?). For on-prem, you’ll install these, possibly using
containerization (NVIDIA has great Docker containers for Al). For cloud, maybe
you use pre-built machine images that have them.

e Libraries and Drivers: Keep drivers (like NVIDIA CUDA drivers) and libraries
(cuDNN, etc.) up to date for performance and security. On air-gapped systems,
plan a schedule to update these via offline media. On networked, you can do
periodic updates from vendor sites. Also, use package managers or container
images to manage the software environment reproducibly (this avoids “it works
on one machine but not another” issues).

e Orchestration and Management: If the environment is large or multi-user,
consider using orchestration tools — e.g. Kubernetes with GPU support, or Slurm
(used in HPC clusters) for scheduling jobs, or smaller-scale tools like PM2 for
managing processes. This helps utilize the resources effectively (scheduling jobs
in a queue, containerizing workloads for environment consistency). Managed
solutions exist (NVIDIA offers Base Command, etc., and there are open-source



ones like Kubeflow for ML, on Kubernetes). Pick what suits your team’s skills.

e DevOps for Al: Implement infrastructure-as-code for reproducibility (e.g., if
using cloud, use Terraform or CloudFormation to define the setup; if on-prem, at
least use configuration management for server config). Also, consider MLOps
pipelines — how models will go from development to production (tools like
MLflow, etc.). While not infrastructure, this planning ensures the Al system
actually delivers value in a maintainable way.

4. Operational Practices:

o Monitoring & Logging: Set up monitoring for both system metrics (GPU
utilization, temperature, memory usage, disk I/O) and application metrics
(throughput of training, accuracy metrics if possible). Tools like
Prometheus/Grafana can be used on-prem. Many Al clusters integrate with
existing IT monitoring. For cloud, use cloud monitoring services plus any Al-
specific monitors (e.g., GPU CloudWatch metrics on AWS). Logging
infrastructure should collect logs from training runs or inference services for
debugging. On air-gapped, you might log to a local syslog server and manually
review or carry logs out via printouts or secure USB if needed.

e Maintenance Schedule: Have a plan for regular maintenance windows. For
example, firmware updates for motherboards or GPU BIOS might come out;
schedule when you’ll apply those to avoid surprises. Clean hardware (dust can
accumulate, fans need cleaning to maintain cooling efficiency). If liquid cooling,
check for leaks or coolant condition periodically.

o Backup and Recovery: If your Al work is critical, ensure that necessary data
(training data, trained model checkpoints) is backed up. On-prem, that might
mean having a backup server or tapes in a vault. In cloud, use provided backup
services or replicate data to another region (if allowable). Also consider
redundancy of the compute: if one server fails mid-training, do you have
checkpointing to resume on another? For production inference, have at least two
nodes for failover. Essentially, apply high-availability practices if downtime of Al
service would cause issues.



e Security Maintenance: For networked systems, keep OS and software patched.
Have a firewall configured to only allow necessary traffic (e.g. if the AI cluster
only needs to be accessed by the data science subnet, restrict it). Use VPN or
secure access for any remote management. If the Al system interfaces with
external systems, ensure those interfaces are secure (API endpoints
authenticated, etc.). On an air-gapped system, while external threats are
minimal, insider threat is still a concern — make sure only authorized, vetted
personnel can physically access it, and consider measures like disabling USB
ports (to prevent someone plugging in an unauthorized device).

o Compliance and Documentation: If you are in a regulated industry, document
your deployment and controls. For example, if HIPAA applies, document how
data is stored encrypted on the Al server, who has access. For GDPR, ensure if
data leaves the system (even for backup) it doesn’t go to unauthorized locations.
Documentation helps pass audits. Cloud providers often supply compliance
documentation for their part; on-prem you have to produce it.

5. Compliance, Security, and Regulatory:

o Data Encryption: Use encryption at rest for sensitive data. Many enterprise
drives support self-encryption. Or use OS-level encryption. Manage keys
carefully (key management system or HSM, perhaps). For data in transit (if
networked), use encryption (TLS) even internally, especially if traversing
corporate networks.

e Access Control: Implement strict access policies for who can use the Al
systems. Use directory services or identity management for login accounts.
Possibly integrate with existing single-sign-on or MFA for accessing the servers.
For cloud, use IAM roles to restrict what can be done (e.g. an instance role that
cannot access other resources if not needed).

e Auditing: Enable audit logs — who accessed what data, who initiated what
training job. This is important for compliance and investigating any anomalies.

e Regulatory Specifics:
Depending on the field:



e Healthcare: Ensure all PHI (protected health info) is in encrypted
volumes, only accessible by apps/users who need it, and that models are
treating data per HIPAA guidelines (e.g., not inadvertently learning
identifiable info). Perhaps maintain a separation between environments
(development environment might use de-identified data; production
uses real data).

e Finance: FINRA or other regulators might require data retention of
certain records — if Al processes financial transactions, logs might need
retention. Also ensure compliance with any algorithmic accountability
laws (some jurisdictions require knowing how Al made a decision; keep
your model training code and parameters reproducible for that).

e Government Classified: Must follow standards like NIST security
controls, air-gap as required, personnel clearance, etc.

e EU GDRPR: If personal data is used, comply with storage limitation
(don’t keep data longer than needed), right to be forgotten (can you
delete an individual’s data from training sets or prevent models from
retaining it?), and data locality (if you said data stays in EU, your on-
prem must be in EU or cloud region in EU).

o Al Ethics and Future Regs: Although not infrastructure directly, keep an
eye on emerging rules (like the EU Al Act) which might impose
requirements on logging, risk assessments, etc., for Al systems. Be
prepared to adjust infrastructure to meet those (e.g., more logging or a
kill-switch mechanism).

o Penetration Testing: If feasible, have security teams attempt to penetrate the
Al environment (for networked ones) to find any holes. For cloud deployments,
ensure you follow cloud security best practices (no accidentally open storage
buckets with sensitive data, etc., which has happened in the past to some).

o Isolation for Multi-User: If multiple teams share the on-prem cluster, consider
isolating their workloads (using virtualization or container security) to prevent
one user’s code from sniffing another’s data in memory, etc. In cloud, this is
done by the provider (one reason some prefer cloud is the strong isolation
hypervisors provide between tenants; on-prem, if two teams don’t trust each
other fully, you need to implement similar controls).



6. Scaling and Future-Proofing:

e Design the system with future growth in mind. Leave some rack space, extra
network ports, or an expansion plan for power. This doesn’t mean overbuy
everything now, but know what you will do when you need to scale. Perhaps pre-
install a larger switch than currently needed, so adding nodes is easy. Or choose
a building that has room for another rack if needed.

o Keep an eye on technology trends: New types of Al accelerators (like Graphcore
[PUs, Cerebras wafer-scale engines, etc.) are emerging. If they become relevant,
how would you integrate them? Possibly via cloud trial or by dedicating a part of
budget in future for them.

o Consider the lifecycle: plan for either hardware refresh or cloud migration after,
say, 3-5 years. Having depreciation schedules aligned with that helps to allocate
budget for the next cycle.

7. Vendor Management:

» If using cloud, manage the relationship with the provider (enterprise agreements
can yield discounts if you commit usage, etc.). Monitor their updates — e.g., new
instance types might save cost.

o If on-prem, maintain support contracts (for servers, GPUs). It’s worth having
next-business-day or 4-hour replacement warranties for critical components, or
at least spares on hand, so that any failure doesn’t cause lengthy downtime.

o Work with vendors for tuning: Many hardware vendors will help optimize your
Al workloads on their systems (since it shows value of their product). E.g.,
NVIDIA might help profile your training to get better throughput on their GPUs.
Don’t hesitate to leverage these resources; they often come with enterprise
support packages.

In conclusion, meticulous planning and management across these areas ensures that
the Al system — whether cloud or on-prem - runs smoothly and securely. Executives and

Al strategists should assure that their teams have covered these bases:

e The right hardware for the job,



o Sufficient and robust infrastructure to host it,
o Solid operational processes to keep it running efficiently,

e And strong compliance and security measures to protect the investment and
trust in the Al system.

Addressing these implementation details can mean the difference between a one-time
success (that might be hard to repeat) and a sustainable, scalable Al capability that grows
with the organization’s needs. By balancing strategic vision with these technical and
operational considerations, organizations set themselves up to fully realize the benefits
of their chosen Al deployment model while minimizing risks and surprises (On-Premises
vs. Cloud for Al Workloads).

Conclusion: This comprehensive comparison highlights that the decision between cloud-
based and on-premise Al is not black-and-white. Each model (and sub-model) offers
distinct advantages that align with certain business priorities:

e Cloud excels in speed, scalability, and lower management overhead - ideal
for agility and innovation, or variable demand.

e On-premise offers control, potential cost savings at scale, and
customization - ideal for steady large workloads and sensitive data.

o Off-grid and air-gapped are specialized extensions of on-premise for resilience
and security beyond the norm - relevant for particular strategic scenarios.

e Many organizations will find a hybrid approach optimal, mixing models as
needed. Indeed, the landscape is moving towards solutions that blend the lines
(e.g. cloud-managed on-prem, edge computing nodes, etc.).

Ultimately, the right choice depends on an organization’s specific drivers — be it
minimization of risk, compliance adherence, cost optimization, or rapid capability
deployment. Using the decision frameworks, real-world lessons, and careful planning
steps outlined in this report, executives and Al strategists can navigate these choices with
clarity. The goal is to enable Al initiatives to thrive in whatever environment best
supports the organization’s strategic objectives, while managing risks and resources
prudently. By aligning technical deployment decisions with business strategy (security
needs, budget models, growth plans, etc.), organizations can harness AI’s transformative


https://www.redapt.com/blog/on-premises-vs-cloud-for-ai-workloads#:~:text=Ultimately%2C%20navigating%20the%20cloud%20vs,your%20AI%20projects%20to%20success

power effectively, whether in the cloud, on-premise, or both. (Breaking Analysis: Cloud
vs. On-Prem Showdown - The Future Battlefield for Generative Al Dominance -
theCUBEResearch) (Cloud vs On-Premise Cost Comparison Guide - Avahi)


https://thecuberesearch.com/breaking-analysis-cloud-vs-on-prem-showdown-the-future-battlefield-for-generative-ai-dominance/#:~:text=The%20data%20from%20enterprise%20customers,use%20of%20the%20public%20cloud
https://www.avahitech.com/blog/cloud-vs-on-premise-cost-comparison-guide#:~:text=Pros%20of%20Cloud%20Computing%20Costs,time%20data%20analysis%20and%20reporting
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