Scaling GenAl: Key
Phases from PoC to
Enterprise Readiness

As organizations increasingly look
to Generative Al (GenAl) to unlock
new business opportunities, scaling
from proof of concept (PoC) to
enterprise-level production
requires a structured and resilient
deployment approach. This paper
outlines a comprehensive
framework to help IT Decision
Makers (ITDMs) progress GenAl
from experimental POCs into fully
integrated, high-performing
systems.

Moving from PoC to production is
organized into three key phases,
each aimed at addressing distinct
challenges and ensuring that the
solution meets business and
technical requirements. With a
layered technology stack designed
to manage GenAl’s unique
demands—this framework
addresses each critical phase of
deployment.

PoC Design & Build: In this
initial phase, organizations
create a prototype aligned with
business objectives, validating
core components and
performance in a controlled
environment.

Deploy & Test: Transitioning

to a Beta environment, the
solution undergoes rigorous
testing under real-world
conditions. User feedback

and performance data inform
refinements in model accuracy,
scalability, and security,
optimizing the system for
production.

Scale & Operate: The fully
deployed GenAl system
leverages auto-scaling and
continuous monitoring
(LLMOps) to adapt to
increasing demand while
maintaining stability,
compliance, and security
across cloud, edge, and on-
device environments.



Throughout each phase, future-
proofing strategies—including
modular architecture, automated
testing, real-time monitoring, and
zero-downtime deployments—
equip organizations to respond to
evolving business needs and
regulatory requirements.
Advanced optimizations, such as
hybrid Al infrastructure,
reinforcement learning, and
LLMOps, enable continuous
improvements in performance
and resource efficiency, preparing
systems for sustainable long-term
operation.

in Al deployment, including data
security, compliance, integration
complexity, and performance
optimization. By addressing these
areas, ITDMs can build resilient,
scalable Al foundations that
accelerate the path to production
ready.

The Gen Al Deployment
Technology Stack

As GenAl is a complex problem
space, understanding the
individual layers of the GenAl
tech stack informs how to unlock
scalable, efficient, and secure
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Figure 1: Gen Al Technology Stack

The Model Layer manages the
lifecycle of GenAl models,
including fine-tuning,
compression, and optimization

while incorporating guardrails for
ethical use. The Application Layer
powers dynamic, Al-driven user
interactions through multi-agent



systems and RAG patterns,
seamlessly integrating with data
pipelines. The Data Layer ensures
compliant and efficient data
handling through governance and
real-time pipelines. The
Infrastructure Layer provides
scalable resources for cloud,
edge, and on-device processing.
The Tooling Layer automates
model management, from fine-
tuning to performance
monitoring, while the Cyber Layer
secures systems and data
through encryption, IAM, and
threat detection, ensuring privacy
and compliance across
environments.

The next section explores the key
considerations for scaling GenAl
from proof of concept (PoC) to
production ready, addressing the
technical, operational, and
governance challenges that arise
when moving from experimental
models to robust, enterprise-
ready deployments.

Deploying Al at Scale
While the tech stack provides the

foundational architecture
required to support pre-built
GenAl models, applications, and
infrastructure, the journey from
PoC to production involves a
series of carefully orchestrated
phases that ensure the system
meets real-world demands.

The GenAl lifecycle guides IT
Decision Makers (ITDMs) along
the path to production, ensuring
that systems are scalable, secure,
and integrated with business
operations. This lifecycle includes
iterative development, prompt
engineering, and scaling, with
each phase addressing key
challenges like performance
optimization, security
compliance, and operational
complexity. As organizations
progress through these phases,
the GenAl stack evolves to handle
increased user interactions,
feature expansion, and
performance improvements. The
following sections explore each
phase of the GenAl lifecycle and
how to future proof at each stage
to get to and sustain scaled
Production.
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Phase 1: POC Design & Build

The primary goal of the PoC
Design & Build phase is to
develop a working prototype that
aligns with clearly defined
business objectives, integrates
relevant system components, and
addresses specific business
challenges (e.g., content
generation, customer service
automation). This phase is about
more than selecting a model; it
involves configuring
infrastructure, data pipelines, and
integration points to create a
functional solution that meets
business KPIs and performance
targets. The aim of this phase is
to validate the prototype’s
capabilities within a controlled
environment, laying a foundation
for getting to production ready.
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Figure 2: Gen Al Lifecycle

As organizations develop GenAl
solutions, they may encounter
challenges that can impact
scalability, integration, and
alignment with business goals.
For instance, achieving close
alignment with business
objectives and existing workflows
is crucial; without this, the
solution may fail to deliver
meaningful outcomes.
Additionally, scaling from PoC to
production often highlights
infrastructure and model capacity
limitations, especially under high-
volume usage or unstructured
data inputs. Performance
bottlenecks, especially in latency-
sensitive use cases, can hinder
real-time effectiveness.

Furthermore, as GenAl models
and agents evolve, adaptability
becomes essential; a rigid



architecture may limit the ability
to incorporate future
technologies, resulting in
technical debt. Governance is
another key area where early
planning is critical. Responsible
Al considerations, such as bias,
data drift, and accountability,
must be addressed proactively
to ensure compliance and
ethical use. Future-proofing
strategies can help address
these challenges by building a
more robust and adaptable
foundation for the GenAl
solution.

Future-Proofing Considerations
at the PoC Phase to get to
Production Faster:

« Business Alignment

o Establish clear business
objectives, value targets,
and KPIs from the outset
to ensure alignment on
expected outcomes.

o Define how the solution
will integrate with and
transform existing
business processes.

o Plan for impact

considerations to prepare

the organization for the
introduction of the GenAl
solution.

. Stress Testing for
Scalability

o

Ensure early testing
includes high-volume
inputs and concurrent
requests to assess how
models and Al
applications handle large-
scale usage scenarios.

Evaluate the system’s
capacity to manage
unstructured data flows
without compromising
performance, focusing on
latency and throughput.

« Modular, Flexible, and API-
Centric Architecture

o
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From POC to Production Ready

Structure the system with
modular components that
support integration of
multiple specialized
agents and adaptable
scaling. This setup allows
the architecture to evolve
as new agents, models, or
technologies become
available.

Employ an API-first
approach to facilitate
seamless future
integrations, ensuring
additional models, agents,
or external data sources
can be incorporated
without reworking core
architecture. This supports




the inclusion of RAG
systems to enhance
context relevance and
accuracy.

Plan for easy swapping
between general-purpose
and domain-specific
models or agents based
on performance needs,
task requirements, or data
sensitivity, without
altering foundational
architecture.

« Latency and Accuracy
Benchmarks

o

Define clear benchmarks
for latency and accuracy
that the system must
meet, with a focus on near
real time applicability,
meaning the system must
respond within acceptable
time limits for the specific
use case (e.g., customer
service vs. back-office
processing).

 Data Input Agility

(@)

Implement a consistent
and flexible data input
pipeline capable of
accepting diverse data

formats (e.g., documents,
chat logs), ensuring
adaptability to various
unstructured data sources.

Leverage a GenAl
platform approach that
integrates RAG (Retrieval-
Augmented Generation)
and external systems from
the outset, avoiding the
need to solve each
component from scratch
and reducing rework
closer to Go Live.

 Early Governance and Risk
Management

O

Introduce the topic of
Responsible Al during the
requirements gathering
phase, ensuring the
solution addresses
concerns such as biased
datasets, accountability,
data drift, and fairness

Clarify who is responsible
for managing the solution
in production and who is
accountable if the solution
fails to perform as
expected. Establish these
roles early to avoid



o confusion when the
solution is deployed.

o ldentify risks during the
requirements gathering
and initial build phases
and design the solution to
mitigate these risks before
deployment. Ensure that
risks such as data drift
(e.g., when documentation
inputs no longer reflect
reality) are managed
before Go Live.

Success in the PoC phase means
achieving a validated prototype
that meets business objectives
and is prepared for beta testing.
The prototype should be
running in a development or
staging environment with
integrated data sources that
feed context into the model.
Additionally, an understanding
of the costs associated with
scaling the GenAl model is
essential, including modeling
potential expenses for high-
usage scenarios (e.g., hundreds
of users generating multiple
requests daily). With these
elements in place, the prototype
is ready to advance to the next
phase, with clear metrics for
performance, cost, and impact.

From POC to Production Ready

Phase 2: Deploy and Test

The Deploy and Test phase
involves transitioning the
validated PoC into a beta
environment, where the GenAl
solution—encompassing the
selected model and integrated
system components—is
rigorously tested, refined, and
optimized. In this phase, the
solution is subjected to real-world
conditions, gathering
performance data and user
feedback to ensure it meets
scalability, accuracy, and security
requirements. This controlled
beta testing is essential for
refining the model and
application, with a focus on
addressing potential issues
before the full-scale production
launch.

Several challenges may arise
during the Deploy and Test
phase. A primary concern is
handling model performance
issues, such as hallucinations,
where the GenAl model
generates misleading or
inaccurate outputs. These
inaccuracies can impact user trust
and must be minimized to meet
acceptable standards (e.g.,
reducing hallucinations to <1%).




Additionally, scaling
performance-enhancing
components, such as Retrieval-
Augmented Generation (RAG)
and multi-agent systems, can
present challenges if they are
tightly coupled with other
system elements, potentially
limiting flexibility and
responsiveness to demand
surges.

Security and compliance also
present significant challenges at
this stage. As the solution
moves closer to real-world data,
it becomes critical that it meets
privacy regulations and protects
sensitive information. Testing
under operational conditions is
another challenge, as it requires
simulating actual data flows and
operational complexities to
confirm that the solution
performs as expected without
introducing bottlenecks or
vulnerabilities.

Future-Proofing Considerations
at the Deploy & Test Phase:

« Component Scalability

o Architect performance-
enhancing components
(like RAG or multi-agent
systems) to scale
independently, allowing
for adjustments in
response to demand
surges.

From POC to Production Ready

o

Ensure components are
loosely coupled so that
scaling or upgrading them
won’t require downtime or
system-wide
reconfiguration.

Reduce dependencies on
legacy systems or tightly
integrated components
that may limit the system’s
scalability. Design the
architecture to function
independently of slower
or non-scalable systems,
ensuring that bottlenecks
in legacy infrastructure do
not inhibit overall
performance.

« Security and Compliance at
Scale

O

Implement real-time
security policies tailored
for GenAl, such as
monitoring model outputs
for potential exposure of
sensitive information,
particularly when model
inputs contain PIl or other
confidential data.
Integrate security checks
into the model
deployment pipeline to
ensure compliance with
privacy regulations (e.g.,
GDPR) related to data
usage.




o Introduce dynamic access
controls based on model
usage, ensuring that only
authorized users can
interact with sensitive
data generated or
processed by the GenAl
model, while maintaining
privacy standards and
adherence to evolving Al
governance frameworks.

« Automated and Continuous
Testing

o Integrate automated
testing pipelines to
continuously validate
GenAl model
performance, including
testing for model drift,
accuracy degradation, and
ethical compliance as new
data or features are
added. This also includes
regression testing to
ensure no performance
loss with model updates
and automated load
testing for scalability
under real-world Al
workloads.

(@)

Introduce chaos testing in
non-production
environments to simulate
GenAl-specific failures,
such as degraded model
accuracy or data pipeline
disruptions, ensuring the
system can recover from
these failures without
downtime.

 |Incremental Feature Rollout

O

Roll out new features
incrementally, ensuring
they can be toggled on or
off based on performance
and feedback collected
during Beta testing. This
approach minimizes risk
while providing real-time
data on feature
effectiveness.

Use A/B testing during the
Beta phase to compare
the performance of
enhanced components
(e.g., RAG, multi-agent
systems) with baseline
models, measuring
improvements in accuracy,
context-awareness, and
user satisfaction.



* Dynamic Resource
Allocation

o Implement dynamic
resource allocation for
compute resources,
ensuring the system can
automatically provision
additional resources based
on near real time usage
without manual
intervention. This is crucial
for Al scalability across
cloud, edge, and device
environments, including Al
PCs, to ensure resources
are distributed effectively
depending on where the
workload is processed.

o Optimize the system’s
scalability for both
performance and cost
efficiency. Prior to launch,
ensure that resource
allocation strategies are
tuned to balance high-
performance Al workloads
with cost-effective
operations, considering
the differences in resource
demands across cloud,
edge, and device
infrastructures.

Success in the Deploy and Test
phase is achieved when the
GenAl solution demonstrates
reliable performance, accuracy,

10

and scalability in a beta
environment. The solution
should be able to handle realistic
data flows and user interactions,
with any hallucinations or
inaccuracies reduced to an
acceptable level. User feedback
from beta testing should confirm
that the solution meets or
exceeds expectations in terms
of responsiveness, relevance,
and security.

Additionally, all performance-
enhancing features—such as
RAG, multi-agent systems, and
dynamic resource allocation—
should operate seamlessly,
enabling the system to adapt to
demand changes without
compromising performance.
Security and compliance checks
must be validated, ensuring the
solution is ready for sensitive
data handling in a production
setting. With these elements in
place, the GenAl application is
ready for a successful Go Live,
fully optimized and capable of
meeting operational demands at
scale.

Phase 3: Scale & Operate

The Scale & Operate phase
ensures that the GenAl system is
fully deployed and capable of
handling increasing workloads,




data streams, and user
interactions in a production
environment. This phase focuses
on implementing auto-scaling
infrastructure, continuous
monitoring, and optimization
through LLMOps (Large
Language Model Operations)
pipelines to maintain system
efficiency and adaptability. As
usage grows, the system expands
its reach through gradual feature
expansion and user scaling, all
while maintaining stability,
security, and compliance. This
phase solidifies the system’s
operational resilience and ability
to respond to real-time demands
and evolving business needs.

A primary challenge during the
Scale & Operate phase is ensuring
the system’s scalability and
stability while maintaining
performance and response
accuracy under increased
demand. As usage scales, the
GenAl model may encounter
model drift or accuracy
degradation, requiring continuous
fine-tuning to stay relevant.
Additionally, maintaining

1 From POC to Production Ready

compliance and governance
standards across a dynamic,
expanding system can be
complex, particularly with privacy
regulations and operational
transparency requirements.
Introducing new features or
updates also carries the risk of
system instability if not deployed
carefully, and zero-downtime
requirements add further
pressure to deployment
practices.

Future-Proofing Considerations
at the Scale & Operate Phase to
Maintain Production Momentum:

* LLMOps for Continuous
Optimization

o Establish a lifecycle
management framework
for LLMs that focuses on
continuous monitoring of
key performance metrics
such as latency, relevance
of responses, and user
engagement. This ensures
models remain efficient as
they interact with real-
world data and scale
across various use cases.



Implement simpler
feedback loops as a
starting point, where basic
user feedback is captured
to refine the model’s
performance. While fully
automated, complex
feedback pipelines (e.g.,
auto-tuning based on
detailed user interactions
and performance metrics)
are aspirational for most
organizations, they
represent a long-term
goal. Early-stage
implementations should
focus on incremental
improvements via manual
or semi-automated fine-
tuning, with a gradual
build towards advanced
capabilities like automated
pipelines, version control,
and smooth transitions
between model updates.

« Domain-Specific Fine-
Tuning

@)

Implement continuous
fine-tuning based on
domain-specific datasets
to ensure the GenAl
model remains aligned
with evolving business
requirements. Fine-tuning
processes should be
triggered by automated
performance monitoring
tools detecting model

o

drift, degradation, or shifts
in user behavior.

Leverage transfer learning
techniques to accelerate
the fine-tuning process by
reusing pre-trained layers,
minimizing the need for
full-scale retraining while
achieving efficient,
targeted improvements.
Use specialized
frameworks to fine-tune
only the relevant model
parameters, optimizing
resource utilization.

Proactive Governance and
Compliance

O

Embed governance
frameworks that scale
with the system,
incorporating real-time
monitoring of model
behaviors, data usage, and
security practices to
ensure compliance with
industry standards (e.g.,
GDPR, CCPA) and
regulatory requirements
specific to Al
deployments. Implement
automated compliance
checks and policy
enforcement directly into
the operational pipelines.

Ensure all operations,
including data access,




(@)

model decisions, and
system changes, are
logged in immutable,
auditable records. Utilize
blockchain or secure
logging mechanisms to
maintain a verifiable chain
of custody and
accountability as system
complexity and usage
increase.

+ Zero-Downtime Deployment

o

Use A/B testing, pilot
groups, or canary
deployments to gradually
introduce new features,
model updates, or
components without
impacting existing
services. A/B testing can
compare different
versions with specific user
segments, while pilot
groups help test the new
version in a controlled
environment. Canary
deployments expose a
small percentage of users
or traffic to the new
version before rolling it
out broadly, ensuring

o stability and minimizing
risk.

o Implement comprehensive
version control not just for
models, but also for
prompts, pipelines, and
parameters. This ensures
that all key components
are tracked and can be
rolled back if necessary.
Tools like MLFlow or
similar frameworks can be
used to manage versions
effectively.

o Automate rollback
procedures at the model
and application layers,
allowing quick recovery in
case issues arise during
feature rollouts or
updates. For infrastructure
changes, leverage a
Business Continuity
Planning (BCP) strategy to
ensure failover testing and
recovery are handled
without disrupting
services.

Success in the Scale & Operate
phase is marked by the GenAl
system’s ability to handle
production-level workloads



seamlessly, with auto-scaling
infrastructure effectively
managing growing demand
without impacting performance
or user experience. Continuous
monitoring and LLMOps
pipelines should demonstrate
the system’s ability to optimize
itself based on real-time
feedback, minimizing model drift
and maintaining accuracy. The
system should operate within
compliance standards, with
governance mechanisms in
place to ensure transparency
and accountability for data and
model decisions.

Additionally, new features or
updates should be deployable
with zero downtime, maintaining
service continuity and allowing
the system to evolve without
disruption. With dynamic
resource allocation strategies
fine-tuned for both performance
and cost efficiency, the GenAl
solution is ready to deliver
scalable and sustainable Al-
driven insights across cloud,
edge, and device infrastructures.

Production Ready

Conclusion: Moving from
Scaled Deployment to
Sustainable Al Operations

Successfully deploying and
scaling GenAl solutions involves
navigating complex technical,
operational, and governance
challenges. By following a
structured lifecycle that spans
from PoC design to production
scaling, organizations can
develop robust, adaptable GenAl
systems that integrate seamlessly
with business operations. Each
phase—PoC Design & Build,
Deploy & Test, and Scale &
Operate—has its unique
considerations, but they all
underscore the need for future-
proofing strategies that ensure
scalability, compliance, and long-
term performance.

Incorporating an adaptable
technology stack, from model
management to infrastructure
automation and continuous
monitoring, provides a
foundation for sustainable,
enterprise-ready GenAl systems.




The GenAl deployment journey
requires not only technical
expertise but also a proactive
approach to governance and
operational resilience, ensuring
that the Al system remains
aligned with organizational
goals as it scales.

As organizations embark on
their respective Al journeys,
they will encounter new
challenges that extend beyond
the deployment and scaling
stages. Part 2 dives deeper into
the practical complexities of Al
deployment and provides
actionable insights for
overcoming barriers related to
data security, regulatory
compliance, integration
complexities, and performance
optimization. By addressing
these challenges, organizations
can build a resilient Al
foundation that accelerates the
path to production and scaled
deployment.
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Lenovo is a US$57 billion revenue global
technology powerhouse, ranked #248 in
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deliver Smarter Technology for All,
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everyone, everywhere. Lenovo is listed
on the Hong Kong stock exchange under
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You can access additional white papers covering a
range of Al topics here. These resources will help you
fuel your Al journey and explore themes like Hybrid
Al, Al PC 101, Measuring Al Value, Accelerating from
POC to Production, The Role of Human Intervention in
Al, Al Security Considerations, and The Power of Al-
Driven Storytelling.
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