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Practical Success
with MLOps
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The promise of enterprise Artificial Intelligence (AI) to unlock massive competitive advantages—from
predictive maintenance in energy grids to real-time risk scoring in financial services—remains one of
the core strategic drivers for modern organizations. Yet, for many Chief Information Officers (CIOs)
and Chief Data Officers (CDOs), this promise is shadowed by the harsh reality of implementation

failure. While innovation accelerates in research labs, production maturity lags severely.

Organizations consistently struggle to operationalize machine learning (ML) models at scale. Industry
studies reveal that less than 40% of ML models move successfully from pilot to production. This
systemic inability to bridge the "MLOps reality gap” results in significant financial losses and missed
opportunities. The underlying complexity, often rooted in integration gaps and reliance on fragmented
toolchains, creates systemic instability. Gartner analysis confirms this challenge, estimating that 85% of

big data projects ultimately fail.

This fragmentation has a measurable, negative impact on business outcomes. Companies that suffer
from poor connectivity and isolated data silos realize a mere 3.7x Return on Investment (ROI) from
their Al initiatives, while those that achieve strong, unified data integration see 10.3x ROIL Moreover,
the average time required to push a model from development to stable production often stretches six
months or longer. This delayed time-to-value fundamentally compromises competitive advantage and

makes continuous innovation impossible.

The CIO Mandate: Absolute Control and Guaranteed Value

The CIO’s strategic mandate is bifurcated: first, to accelerate the delivery of measurable Al value
(ROI); and second, to maintain absolute security, regulatory compliance, and control runaway
infrastructure costs. Failure to adequately audit, control access, or reproduce model results introduces

catastrophic compliance exposure.

The operational chaos inherent in fragmented, "homegrown" ML toolchains directly undermines both
financial performance and regulatory integrity. When integration is poor, data silos persist, preventing
the unified analytics and automated governance required for security and scale. Therefore, the core
strategic necessity is not simply adopting MLOps practices, but implementing a unified control
framework. Successful MLOps at enterprise scale is not about assembling a fragmented toolchain; it
requires a unified, governance-first operating system that abstracts away complexity and ensures
absolute control over the entire lifecycle, deployed securely inside the customer’s perimeter. Platforms
like Shakudo deliver this operating system, specifically designed for organizations in Critical

Infrastructure sectors like Banks and Energy.
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Phase I: Establishing the Governance-First Foundation (The
Non-Negotiables)

The Compliance Imperative: Why Governance Must Be Platform-Native

For organizations operating under strict data residency and security regulations (such as GDPR or
HIPAA), compliance demands systems that guarantee auditable lineage and rigorous data retention
policies. Compliance is not a manual step to be retrofitted after deployment; it must be an intrinsic

function of the platform itself.

metadata metadata metadata

. ) - |

process process

data product

system system

This necessity stems from the requirement for full transparency throughout the Al lifecycle.
Traceability and auditing are only possible when the platform automatically generates documentation,
linking every model version to the exact data, code, and parameters used in its creation. Without a
robust, platform-native metadata tracking system capable of providing end-to-end lineage, enterprises

face escalating compliance exposure, rendering transparency opaque and accountability impossible.

Prerequisites for Absolute Control

The cornerstone of governance is granular control over who can access what, and where those assets are
located. This deep control is inherent in enterprise-native systems like Shakudo, which ensure sensitive

data never leaves your governance boundary.

Platform-Native Role-Based Access Control (RBAC)
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The platform must implement granular role-based access control (RBAC) to restrict access to
sensitive models or data to authorized users only. This control must be enforced comprehensively
across all artifacts—training data, feature stores, model files, and source code—to satisty compliance
mandates in regulated sectors. RBAC provides the necessary separation of duties, allowing data
scientists to innovate while ensuring DevOps engineers and security officers can manage the

infrastructure without compromising proprietary data or intellectual property.
Model Protection and Safety Vetting

As Al models become increasingly integrated into customer-facing and critical operations, the risk of
deploying unsafe, biased, or financially detrimental models grows. The MLOps platform must
integrate policy enforcement frameworks to vet model behavior before deployment. This involves
mechanisms—conceptually similar to tools like Llama Guard used for Large Language Models
(LLMs)—that analyze and enforce policies on model inputs and outputs, thereby minimizing the

reputational and financial risk exposure from erroneous or non-compliant actions.
Artifact Distribution and Guaranteed Reproducibility

The inability to perfectly reproduce a model’s training or inference environment is a primary
compliance and operational failure point. To guarantee transparency, rapid debugging, and rollback
capabilities, the MLOps system must mandate environment consistency. A robust platform solution
provides a centralized, secure mechanism for distributing all required dependencies—code, libraries,
configuration files—functioning as a private package registry (the enterprise equivalent of PyPI or
CRAN). This system ensures models are deployed only within standardized, containerized
environments, guaranteeing the exact replication of conditions whenever needed for auditing or

troubleshooting.

The successful deployment of Al in regulated sectors hinges on foundational governance capabilities

summarized in the table below:

The MLOps Platform Governance Checklist for Regulated Industries

Governance Platform Capability CIO Value Proposition

Requirement

€ SHAKUDO



Access Control

Role-Based Access Control (RBAC)
across data, features, and model

versions.

Guarantees compliance and enforces
separation of duties in sensitive

environments.

Auditability End-to-end lineage and automated Simplifies regulatory review (GDPR,
metadata tracking for every artifact. | HIPAA) and enables rapid model
rollback/explainability.
Data Support for deployment in virtual Ensures data residency and absolute
Sovereignty air-gap mode (VPC/On-Prem) control over proprietary IP.
inside the governance boundary.
Reliability Automated observability, version Crucial prerequisite for stable agentic

control, and environment

consistency (containerization).

workflows and reducing production

drift.
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Phase II: The Build vs. Buy Decision: Abstraction for Speed

The High Cost of the DIY Drain

Faced with the need for MLOps maturity, many enterprises initially attempt to integrate a collection of
open-source tools to build an in-house platform. This decision to build from scratch is not merely a
technical preference; it is a major capital investment that results in a perpetual drain on highly skilled

human capital.

The effort required to build a functional, enterprise-grade MLOps stack, complete with the necessary
security, scalability, and governance features, is staggering. This task is estimated to cost anywhere from
10 to 200 person-years of specialized engineering labor. Organizations that attempt this often realize
they require a full-time Research and Development (R&D) team dedicated solely to system

maintenance, upgrades, and support.

Build in-house

Data Analysis

Experimentation

Feature Store
Code éeposiiory
10-200 person-years
< ML Pipelines
$1,000,000 -
$20,000,000 Metadata Store
Model Registry
Model Serving
* Assuming $100K/yoar per person Model Monitoring
7 Wait until solution is
»$500,000 ) implemented

$100,000-$2,000,000 < Maintenance & Support

Build Cost

over 12 months $ 1,600,000 - $ 22,500,000

This profound misallocation of talent defines the hidden technical debt associated with DIY
MLOps. Instead of focusing specialized ML Engineers and data scientists on creating core intellectual
property (new models and algorithms), they are redirected to managing undifferentiated infrastructure
plumbing.
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Gartner has recognized that fragmented, homegrown toolchains are key contributors to organizational
toil. When organizations leverage tools beyond their functional design, they inevitably create
fragmentation, which increases overhead costs, magnifies technical risks, and severely limits business
agility. This technical debt accumulates rapidly because integrating multiple disparate systems with
"glue logic and scripts” to achieve scalability and a unified process is described as nearly impossible

without significant, month-long engineering efforts.

The Infrastructure Mastery Debt

The DIY approach forces organizations to incur what is known as infrastructure mastery debt—the
constant, mandatory requirement to achieve deep expertise in complex, foundational infrastructure

components that provide no unique business advantage, yet must be maintained indefinitely.

Key components that must be mastered and maintained by a DIY team include:

e Platform Orchestration: Requiring expert knowledge of Kubernetes packaging (Helm) and
declarative provisioning tools like Terraform for infrastructure deployment.

e Networking and Storage: Implementing secure cluster networking (e.g., CNI protocols like
Cilium) and ensuring robust, distributed persistent storage solutions (e.g., Longhorn) for all
artifacts and stateful applications.

e JAM and Security: The constant, high-risk challenge of managing Service Accounts, Identity
and Access Management (IAM), and highly secure Secret Management (often involving tools

like HashiCorp Vault) across the entire fragmented toolchain.

A pre-built, unified platform abstracts this entire infrastructure layer. By automating these essential,
yet non-value-add, components, a platform like Shakudo eliminates the infrastructure mastery debt
entirely. This abstraction allows teams to achieve dramatically faster time-to-value, reducing
deployment time from months to just weeks, with unified systems demonstrating up to 78% faster
time-to-market and reduced engineering overhead. The stark contrast in resource requirements and
time-to-market necessitates a strategic shift away from building infrastructure toward buying a robust,

integrated system.

Quantifying the Hidden Technical Debt of DIY MLOps
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Hidden Cost DIY Approach (Fragmented Unified Platform Approach

Factor Toolchain) (Operating System)

Platform Build 12-24 months minimum, requiring | Near-instant deployment; teams focus

Time 10-200 person-years of dedicated | on model development immediately.
effort.

Technical Debt & | High. Maintenance of "glue logic" Low. Abstraction of infrastructure

Toil and custom integrations; risk complexity; maintenance and upgrades
escalation (Gartner). handled by the vendor.

Infrastructure Dedicated engineers needed for Infrastructure provisioning and

Mastery Debt Kubernetes, CNI, Helm, configuration are automated,

Terraform, and Secret Management.

consuming minimal specialized

resources.

Time-to-Value

Slow, often 6+ months to

production. Poor integration yields
3.7x ROL.

Fast, potentially 78% faster
time-to-market. Optimized integration
yields 10.3x ROL.
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Phase III: Achieving Total Flexibility and Scale (Tool-Agnostic

Orchestration)

Avoiding the "Bet-on-a-Single-Horse" Risk

As the Al landscape rapidly evolves, enterprises must protect themselves from the strategic risk of

vendor lock-in. Relying on a single-vendor MLOps stack, particularly one tied to proprietary data

formats or toolsets, creates an unacceptable "bet-on-a-single-horse" scenario that limits agility and

future innovation.

The modern MLOps platform must therefore function as a true operating system that is neutral

regarding the tools utilized. This tool-agnostic orchestration capability ensures that organizations

can seamlessly integrate and coordinate workflows across the entire open-source and closed-source Al

ecosystem, which is a key focus of platforms like Shakudo. This flexibility guarantees that teams can

always employ the best tool for a specific job, whether for data preparation, training, or deployment,

without compromising the centralized governance framework.
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Flexibility is strategically valuable only if control remains absolute. The ability to manage a

heterogeneous environment of tools requires a single point of enforcement—the unified control

plane.
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To manage dozens of integrated tools and services, the platform must centralize and unify core
infrastructure services: Identity, Access Control (RBAC), Secret Management, and persistent or
real-time data storage. Shakudo leverages this architecture to unify services like Identity, Access
Control, and Secret Management, allowing all tools to share data and access rights instantly. The
control plane enforces the strategic security policy across all components instantly, regardless of the
individual tool running the ML workflow. This centralized architecture ensures that all tools and
pipelines share data and access rights governed by enterprise policy, preventing the creation of new

security gaps or data silos within the MLOps ecosystem.

Scalability and Resource Efficiency

Enterprise scale demands infrastructure optimization that respects organizational resource constraints.
A mature MLOps platform must provide advanced compute management features, including
sophisticated autoscaling and Multi-GPU/multi-cluster orchestration. This ensures that compute
resources are provisioned on demand, maximizing efficiency during intensive training or high-volume
inference, while simultaneously allowing CIOs to control operational expenditure. By dynamically
managing resources, the platform maximizes time-to-value by ensuring teams are never bottlenecked

by infrastructure provisioning.
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Phase IV: Future-Proofing for Advanced AI (LLMs and Agentic
Workflows)

Reliability as the Foundation for Agentic Workflows

The current evolutionary phase of Al is characterized by the rise of complex, multi-step agentic
workflows. These systems—which coordinate Large Language Models (LLMs) with external tools
and services to achieve complex goals—are fundamentally dependent on the reliability, auditability,

and security guarantees provided by MLOps.

Agentic RAG Workflow

Sophisticated agent systems often leverage protocols like the model context protocol (MCP), an
open-source standard designed to standardize communication between Al applications and external
services. MCP, which facilitates reliable "plug-in" access to data sources, supplements traditional
methods like Retrieval-Augmented Generation (RAG) and provides the security controls necessary for
agents to operate safely within enterprise boundaries. Because agentic workflows are inherently fragile,
their successful deployment requires MLOps-grade reliability, including continuous monitoring,
automated testing, and robust deployment pipelines. Without a foundational MLOps system, the

adoption of next-generation, high-value agent applications is functionally impossible.

The Governance Boundary Mandate

For critical infrastructure operators, defense contractors, and major financial institutions, data

residency and sovereignty requirements are non-negotiable. These highly regulated sectors cannot rely
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on shared cloud environments for sensitive data processing. They require solutions that deploy entirely
inside their organizational governance boundary, whether within a private cloud Virtual Private

Cloud (VPC) or fully on-premises infrastructure.

By enabling a consistent installation, deployment, and management experience for AI models in
isolated setups, the platform supports high-speed inference while meeting the highest standards for
security and privacy. This ability to ensure complete sovereignty over the Al production environment
is a strategic differentiator for large enterprise adoption, guaranteeing compliance regardless of the

deployment location.
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The Strategic Imperative

The evidence confirms that the integration and deployment chaos caused by fragmented MLOps
toolchains is destroying potential AT ROI and introducing unacceptable governance risks. The
long-term cost of the DIY approach, requiring immense capital and personnel (estimated at 10-200
person-years of specialized effort), coupled with the slow pace of deployment (often six months or

more to production), renders this strategy unsustainable.

The CIO’s strategic focus must move beyond assembling pipelines to adopting a single, integrated Al
infrastructure. The complexities of governance, security, tool integration, and scaling require a
sophisticated layer of management that handles the underlying infrastructure automatically. CIOs
require a singular, enterprise-native operating system for data and Al—a unified platform like
Shakudo that handles the underlying infrastructure (DevOps) automatically, allowing teams to focus

exclusively on model development.

The Shakudo Ecosystem
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This unified platform delivers the core governance foundation—platform-native RBAC, guaranteed
reproducibility, and auditable lineage—essential for regulated industries. It eliminates the hidden
technical debt and infrastructure mastery debt associated with custom builds, accelerating
time-to-value by leveraging tool-agnostic orchestration under a unified control plane.
Furthermore, it provides the critical ability to deploy securely within the customer’s governance

boundary using virtual air-gap mode, ensuring data sovereignty.
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By choosing to adopt this unified, governance-first operating system, enterprises shift resources away
from infrastructure maintenance and toward model innovation, guaranteeing absolute control, total
flexibility, and demonstrable, superior ROL. This platform-centric approach is the clear Roadmap to

Practical Success with MLOps.




ABOUT SHAKUDO

Shakudo is the operating system for Al, existing completely within your private infrastructure and guaranteeing
absolute control, data governance, and faster time to market than ever. Like an operating system, Shakudo
streamlines Al adoption through a tool-agnostic orchestration approach using the best-of-breed technologies
that eliminates complex DevOps overhead, vendor lock-in, and security vulnerabilities. Organizations across
critical sectors—including finance, energy, and defense—choose Shakudo for its guaranteed time-to-value.
Shakudo delivers ultimate scalability and speed, allowing teams to focus on driving business outcomes.
Shakudo: Intelligence without constraint. Find out more at shakudo.io.
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