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Enterprise leaders face an urgent operational
paradox. They are being pushed to generate value
from Al investments....

...however, capturing the transformative value of autonomous, agentic Al introduces the risk of
rogue agent actions, intellectual property exploitation, and out of control spending.

The Enterprise Al Paradox

The big challenge is that architecting and deploying an Al ecosystem that sets Al agents free to run
the business and puts the right controls in place can be extremely complex and expensive. Because
most data estates are fragmented across disconnected systems, they often require multi-year
modernization projects with overpriced systems integrators that show up on site and never leave.
Once modern technology is in place, it is knit together by point-to-point data pipelines or
constrained by vendor-locked ecosystems.

To achieve true operational autonomy at machine speed, organizations must shift away from single
vendor platforms or isolated Al point solutions; and move toward a unified control plane that
abstracts complex interoperability into a seamless Al fabric.

The Universal Al Control Plane defines a new architectural category that unifies underlying
infrastructure, data estates, open-source and proprietary platforms, and Al ecosystems into a plug-
and-play environment. Architecturally, universal Al control forms a matrix of control, governance,
observability, and interoperability across all data, context, models, and tools, with tools including
applications, agents, machines, and devices that become consumers or builders of Al. In addition,
the control plane touches everything from infrastructure to Al in a single environment.

While traditional market approaches force enterprises into multi-year cloud migrations or brittle
systems integration projects, a Universal Al Control Plane delivers immediate velocity by reducing
data management to an operating system capability and driving complete composability across the
entire Al ecosystem.
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The Seven Principles of the Universal Al Control

To translate the universal control vision into operational reality, organizations must establish an
architectural foundation grounded in core design principles. The following seven principles define
the essential requirements for building, governing, and scaling a Universal Al Control Plane across
enterprise estates. Together, they provide a blueprint to eliminate complex integration, enforce
runtime governance, and accelerate autonomous machine-speed execution.

Principle 1: Reduce data to the operating system level.

A true Universal Al Control Plane relies on a foundational data control plane that simplifies and
automates data engineering, schema normalization, and pipeline orchestration down to the
operating system level. Just as a modern computer operating system manages memory and
hardware without requiring user intervention, the control plane automates low-level data tasks
under the hood so teams can focus on strategic Al outcomes.

By treating data engineering, discovery, basic analysis, and active metadata as automatic
background services, the architecture eliminates the manual overhead that delays Al deployment.
An automated data foundation provides zero-movement access across operational, analytical,
structured, and unstructured stores, ensuring data remains in place while compute comes to it. Data
transformations, integrations, and activation should happen as predefined services, with agents
performing the majority of the work and humans providing the strategic intent as guidance for all
data operations.

Principle 2: Establish universal composability as a baseline.

True composability requires moving beyond connectivity to full interoperability with a plug and play
architecture. To achieve universal composability the Al control plan operates across the
infrastructure, data, services, and Al layers. Organizations should be able to easily knit together
physical infrastructure, data infrastructure, open-source software, proprietary software, software
services, and Al to meet business requirements, and to adapt quickly to changing requirements.

Composable Physical Infrastructure: Physical infrastructure covers the full spectrum of
networking, storage, and compute resources from customer-owned all the way to hyperscalar-
owned cloud infrastructure. Control over physical infrastructure is typically achieved with unified
control via containers regardless of who owns those containers.

Composable Data Infrastructure: Data infrastructure covers the full spectrum of data services all
the way from data engineering and data stores to insight discovery and data activation. The Al
control plane orchestrates all types of data, streaming or at rest, with a common set of
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transformational, analytical, and delivery services. Because the architecture decouples compute
from storage, data can be stored in open table formats like Apache Iceberg for zero-movement
pipelines, access, governance, and activation.

Composable Software and Services: Composable software and services include control over both
open source and proprietary software, and microservices, as required. Microservice coverage
becomes even more important as modern software becomes headless, and businesses can create
or embed services in existing software or build entirely new applications based on components from
different platforms.

Composable Al: Composable Al includes models, generative applications, agents, and Al
applications. The Al control plane seamlessly orchestrates sovereign, on-premises small language
models (SLMs) alongside public foundation endpoints, maintaining full ownership and control of
model weights, biases, and proprietary IP. Control over the Al ecosystem must go beyond MCP and
A2A controls to provide for interoperability for data, context, models, and tools that are all part of
the complete Al pipeline.

Principle 3: Build in deep integration for universal interoperability.

A Universal Al Control Plane replaces expensive, long-running systems integrator (Sl) initiatives with
"Interoperability-as-Software," embedding deep pre-integrations directly into the control plane to
achieve universal interoperability. By delivering automated interoperability, the control plane rolls
out predictable deployment cycles, adaptable Al ecosystems, and rapid adaptation for Al-speed
requirements. For example, enterprises should be able to deploy the control plane in hours, connect
source systems in days, and achieve a production-ready Al workload in just over a month.

Interoperability includes seamless security, fine-grained access controls, robust data privacy,
standard API connectivity, and native system-to-system connections wherever possible to ensure
every component functions as a unified whole.

For example, at the data layer: Apache NiFi and Apache Kafka ingest and stream real-time data
into Apache Flink for immediate processing, which then commits the enriched data directly into
Apache Iceberg open table formats. This deeply integrated pipeline instantly unifies live events into
structured analytical tables without requiring any custom manual integration code.

For example at the Al layer: For example, a universal gateway intercepts an incoming agentic
workflow request, routes real-time grounding context from a RAG vector index into an on-premises
sovereign small language model (SLM) for initial synthesis, and automatically hands off the validated
output to an autonomous agent executing actions via the Model Context Protocol (MCP)—all
governed by runtime IAM permissions without requiring custom middleware or brittle API glue.
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Principle 4: Unify open source and proprietary software for zero
integration composability.

To eliminate vendor lock in, control cost, and leverage community innovation, the Al control plane
must have a strong focus on open source. However, since open-source software is created in solos
by diverse communities of developers, enterprise deployment comes with a heavy "integration tax"
for integration with existing platforms, ongoing maintenance, custom code patching, and fragile
interoperability management across dozens of tools.

A universal Al control plane normalizes heterogenous open-source engines and proprietary
platforms into a single fabric, allowing enterprises to leverage best-of-breed open tools without
taking on integration debt. The most mature control planes maintain deep integration and manage
the continuous interoperability of more than eighty open-source technologies right out of the box,
turning raw open-source code into a battle-tested, enterprise-hardened asset. A single, transparent
commercial model should cover the entire control plane and open-source fabric, protecting
enterprises from punitive data-volume taxes, query surcharges, and log retention fees.

Principle 5: Ensure cross-estate control consistency for hybrid,
multi-cloud environments.

Enterprise Al workloads demand operational consistency across diverse environments, including
public clouds, private data centers, and air-gapped edge sites. The universal Al control plane should
deploy the exact same software package, user interface, and operational capability regardless of
whether it resides on a small public cloud instance or a massive on-premises cluster. In addition, the
control plane should operate as a single point of operations, no matter where the data, applications,
or Al reside.

Absolute hybrid consistency eliminates the need to rewrite pipelines, reconfigure security policies,
or train staff on different platform variants when moving workloads across data center boundaries.
A consistent operational plane gives enterprises complete flexibility to adapt to changing cloud
economics, regional regulatory shifts, or infrastructure modernizations without disrupting live Al
applications.
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Principle 6: Operationalize a universal gateway for intelligent,
multi-dimensional control.

The universal gateway serves as a traffic director of the control plane, using multi-dimensional
routing that goes beyond simple prompt-to-model routing to govern and steer traffic across the
entire Al pipeline and ecosystem, from ingestion to insight and from prompt to agent actions.

At the data layer, the universal gateway makes intelligent choices about the best fit streaming data
platform, storage options, data engineering agents, and compute. The entire Al pipeline becomes a
series of choices around data, models, context, and tools. For prompt-to-model requests a universal
gateway should evaluate across at least five multi-dimensional criteria—Cost, Latency, Accuracy,
Workload Fit, and Model Governability. Ultimately, steering tasks to the right frontier LLM or air-gapped
SLM can be optimized based on any of the criteria.

The gateway also dynamically routes queries across context and retrieval sources like RAG vector
indexes, relational stores, and real-time data streams, to fetch optimal grounding data with minimal
latency and retrieval overhead. Finally, the gateway orchestrates autonomous agent task execution
by routing requests to sandboxed tool endpoints, microservices, and external APIs while
maintaining policy enforcement and FinOps controls.

Principle 7: Enforce universal governance with deterministic
matrix controls built in.

An active Al Control Plane systematically governs the four pillars of Al governance: data, context,
tools, and models, all at runtime. When the four pillars are interoperable it supports a broad range
of Al and agentic scenarios, and it quickly replaces traditional, siloed governance tools. With
interoperability, Al teams can do all of the following.

e Tame difficult to inspect Al models using a surround strategy that uses mathematical
precision to govern inputs, dynamically build universal context based on shared memory,
and sandbox operational tools around the model.

e Maximize ecosystem reliability through interconnected workflows, such as feeding data
sensitivity tags directly into context sanitization layers and inspecting model outputs before
executing API tool calls.

e Implement deterministic steering that profiles query risk intent to automatically route high-
sensitivity enterprise IP to private, highly governable models while steering low-risk queries
to public endpoints.

e Secure the four-pillar governance and the entire Al control plane through an integrated
identity and access service, while assigning autonomous agents first-class machine identity
for embedded governance.
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Readiness Recommendations

As enterprise leaders transition from isolated Al experimentation to operational Al at scale,
traditional siloed tools, and closed cloud lakehouses no longer suffice. Evaluating and adopting a
Universal Al Control Plane requires a strategic framework that aligns commercial evaluation, initial
deployment, and long-term vision with operational realities. To successfully transition, CDOs and
CAIOs should structure their readiness approach around three key areas:

1. Make the Buying Decision: Evaluate control plane platforms based on total cost of
ownership, interoperability, and freedom from vendor lock-in. Reject pricing models that
impose punitive data-volume taxes, query surcharges, or legacy integration fees. Demand
proof of pre-integrated open-source toolsets ("Interoperability-as-Software") and mandate
native support for open table formats like Apache Iceberg to ensure your underlying data
estate remains fully sovereign and accessible across hybrid environments.

2. Plan the Rollout Strategy: Begin by establishing the OS data foundation, decoupling
compute from storage to enable zero-movement data access across existing operational and
analytical stores. Next, deploy intelligent gateway routing to immediately capture FinOps
savings—steering structured or repetitive queries to low-cost SQL executions and specialized
SLMs while reserving frontier LLMs for high-complexity tasks. Focus the initial pilot on a
single high-value Al workload to validate rapid deployment timelines, targeting connectivity
in days and production enablement in weeks, before expanding across the broader estate.

3. Define the Vision: Position the Universal Al Control Plane as the path forward to the
autonomous enterprise where well-governed agents are free to act within hard set
boundaries, and where humans remain at the helm providing strategic input that Al will
never be able to provide. The ultimate technology vision is a fully composable, self-governing
technology ecosystem where autonomous agents operate with first-class machine identities
under deterministic matrix controls (Data, Context, Tools, and Models). This transforms
fragmented IT infrastructure into an agile, highly secure platform that runs business
operations safely at machine speed.
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