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Abstract

Enterprises are shifting from application-centric architectures to agentic Al ecosystems
that operate across hybrid-cloud environments. This white paper presents a complete
reference architecture for securely deploying Al agents at enterprise scale, integrating
IBM’s agentic-Al vision, the Model Context Protocol (MCP), modern data engineering
practices, and the Agent Development Lifecycle (ADLC). It outlines the architectural
principles required for enterprise-grade Al—acceptable agency, secure-by-design patterns,
interoperability, hybrid deployment, evaluation-first development, and continuous
governance—and provides a practical roadmap for implementing Al systems across public
cloud, private cloud, on-premises, and edge environments.
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Architecting a Corporate Al-Based Enterprise Architecture in a Hybrid-Cloud
Environment

A comprehensive white paper synthesizing IBM’s agentic-Al infrastructure vision, MCP,
enterprise Al agent lifecycles, hybrid-cloud patterns, and modern data engineering
requirements.

Executive Summary

Enterprises are entering a new era where Al agents, not applications, become the primary
execution and decision layer across IT, business operations, and customer-facing
workflows. This shift is driven by:

o Therise of agentic Al capable of reasoning, planning, and taking actions across
enterprise systems.

o The emergence of Model Context Protocol (MCP) as a standardized, secure
interface for tool access and enterprise integration.

¢ The need for hybrid-cloud architectures that unify on-premises systems, private
cloud, and public cloud Al services.

¢ The evolution of data engineering into a strategic discipline powering Al readiness.

e Therequirement for DevSecOps-driven governance, continuous evaluation, and
risk management for Al agents.

This white paper provides a complete enterprise reference architecture for building a
corporate Al ecosystem that is secure, governed, hybrid-cloud native, and agent-ready.

1. The Strategic Shift to Agentic Enterprise Architecture

1.1 From Applications to Agents

IBM emphasizes that Al agents are no longer standalone tools—they operate inside
complex hybrid ecosystems and require deep integration with enterprise systems. Agents:

e Perceive context
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¢ Reason over goals

e Actthroughtools

e Operate under policy-aware autonomy

e Require continuous evaluation and governance

This alighs with the Agent Development Lifecycle (ADLC) described in the IBM guide,
which extends DevSecOps to include:

e Behavioral evaluation

e Guardrails

e Observability of reasoning traces
¢ Runtime optimization loops

e Governance and certification

1.2 Why Hybrid Cloud Is the Natural Home for Agentic Al

Hybrid cloud is essential because:
o Enterprise data remains distributed across on-prem, private cloud, and SaaS.
¢ Regulatory and sovereignty constraints require local inference.

e« Latency-sensitive workloads (e.g., manufacturing, finance) need edge/on-prem
execution.

e Cloud Al services provide elasticity and access to frontier models.

IBM’s infrastructure strategy—spanning IBM Cloud, IBM Z, IBM Power, IBM Storage, and
TLS—reflects this hybrid reality.

2. Core Architectural Principles for Enterprise Al

Across IBM, Databricks, Snowflake, and MIT research, six principles consistently emerge:

2.1 Acceptable Agency

Agents must have bounded autonomy, with:
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Explicit authority scopes
Human-in-the-loop escalation
Kill switches

Reversible actions

Immutable audit trails

2.2 Interoperability and Open Standards

MCP becomes the backbone for:

Tool access
Resource exposure
Prompt schemas

Cross-platform orchestration

This ensures agents can safely interact with:

Cloud APIs
On-prem systems
Databases
IT operations tools

Business applications

2.3 Secure-by-Design

Security must be embedded at every layer:

Identity propagation for agents
Sandboxing of tools and code execution
Network isolation

Policy enforcement at the gateway
Continuous red teaming

Memory poisoning defenses
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2.4 Evaluation-First Development

Agents require:

Behavioral benchmarks
LLM-as-a-Judge scoring
Drift detection
Hallucination metrics

Bias and fairness checks

2.5 Hybrid Deployment

Agents must run:

In cloud-native environments
On-premises (IBM Z, Power, Storage, VMware, Kubernetes)
At the edge

Across multi-cloud providers

2.6 Continuous Governance

Governance spans:

Data lineage

Model provenance
Tool catalogs

Agent registries
Compliance evidence

Audit logs
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3. The Enterprise Al Reference Architecture (Hybrid Cloud)

This section synthesizes IBM’s MCP-based architecture with modern data engineering and
agent system design.

3.1 Layer 1 — Hybrid Cloud Infrastructure Fabric

Components

Public cloud (IBM Cloud, AWS, Azure, GCP)

Private cloud (OpenShift, VMware, IBM PowerVS)

On-prem systems (IBM Z, storage arrays, databases)

Edge compute
Key Capabilities
e Secure connectivity (VPN, Direct Connect, SD-WAN)
e Identity federation (OIDC, IAM, LDAP)
e Network segmentation
e Zero-trustaccess
IBM Enhancements
IBM Infrastructure is becoming agentic Al-ready, with MCP servers for:
e |IBMCloud
o IBM Storage Insights
e |IBM PowerVS
e |IBMZ (watsonx Assistant for Z)
e IBMTLS

These provide standardized, secure access for agents across hybrid environments.
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3.2 Layer 2 — Al Control Plane (LLM Gateway + MCP)

This is the central nervous system of the enterprise Al architecture.
Functions

¢ Policy enforcement

¢ Routing to models (cloud, on-prem, edge)

e ldentity propagation

e Logging and audit

e Rate limiting and throttling

e Guardrail enforcement

e Costgovernance
Why MCP Matters

MCP servers expose enterprise systems as typed, governed tools.

Agents interact through a single, secure interface, not direct API calls.

Benefits
e Eliminates credential sprawl
e Standardizes tool schemas
¢ Enables multi-agent orchestration

e Provides auditability

3.3 Layer 3 — Enterprise Data & Feature Layer

This layer integrates insights from Snowflake, Databricks, and MIT research.

Capabilities
« Unified data lakehouse
e Vectorindexes for RAG

e Real-time pipelines
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e ML feature stores
o Data governance (lineage, access control)
Trends
e Dataengineers now spend 37% of their time on Al (up from 19%)
e Unstructured data and real-time ingestion are becoming dominant
e Al-powered data engineering tools accelerate productivity
Implications
The data layer must support:
e Multimodal data
e High-throughput ingestion
e Streaming pipelines
¢ Automated quality checks

¢ Synthetic data governance

3.4 Layer 4 — Al Models & Inference Layer
Hybrid Model Strategy
¢ Cloud frontier models (Claude, GPT, Gemini, watsonx)
¢ On-prem models (Llama, Granite, Mistral)
e Domain-specific models
e Multimodal models
Deployment Options
e Cloud inference via private endpoints
e On-preminference on IBM Z, Power, or GPU clusters
e« Edge inference for low-latency use cases

Runtime Optimization
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Model routing
Cost-aware inference
Caching

Distillation and quantization

3.5 Layer 5 — Agentic Al Layer

This layer implements the Agent Development Lifecycle (ADLC).

Agent Capabilities

Memory (short-term, long-term, episodic)
Planning (ReAct, Reflexion, hierarchical planning)
Tool use via MCP

Multi-agent collaboration

Self-evaluation

Agent Types

IT operations agents
Security agents
Customer service agents
Research agents

Workflow automation agents

Agent Governance

Versioning
Risk posture classification
Behavioral guardrails

Certification before deployment
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3.6 Layer 6 — Observability, Security & Governance

Observability
¢ Reasoningtraces
e Toolcalllogs
e Latency and cost metrics
o Drift detection
Security
e Sandboxing (gVisor, Firecracker, seccomp)
e Network isolation
¢ Memory poisoning detection
e Promptinjection defenses
Governance
e NIST Al RMF alighment
e Audittrails
¢ Compliance evidence

o Kill switches
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4 End-to-End Reference Architecture Diagram (Textual)
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5. Implementation Roadmap

Phase 1 — Foundation

e Establish hybrid connectivity
¢ Implementidentity federation
e Deploy lakehouse and vector infrastructure
o Stand up DevSecOps pipelines
Phase 2 — Al Control Plane
¢ Deploy LLM gateway
¢ Integrate guardrails

e Configure logging and audit

Phase 3 — MCP Integration

e Deploy MCP servers across cloud and on-prem systems

o Standardize tool schemas
e Build enterprise tool catalog
Phase 4 — Agent Development
¢ Define agent personas and authority scopes
¢ Implement memory and planning
¢ Integrate tools via MCP

e Run evaluation suites

Phase 5 — Deployment & Governance

e Certify agents
¢ Deploy with kill switches and feature flags
e Monitorreasoning traces

e Continuously optimize
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6. Organizational Implications

6.1 Data Engineering Becomes Strategic

Data engineers evolve into:

e Platform architects

¢ Al pipeline owners

o Governance enforcers

¢ Multi-modal data specialists
6.2 IT Operations Becomes Autonomous
Agentic Al enables:

o Self-healing infrastructure

¢ Automated incident response

o Predictive maintenance

e Closed-loop remediation
6.3 Governance Becomes Continuous
Compliance shifts from periodic audits to:

¢ Real-time monitoring

e Automated evidence collection

e Continuous risk scoring

7. Conclusion

A corporate Al-based enterprise architecture must be:

e Hybrid-cloud native
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o Agentic Al-ready
e MCP-integrated

e Secure-by-design
o Evaluation-first

e Governed end-to-end

DEA

Digital Enterprise
Architecture Advisors

This architecture transforms enterprises from reactive, manual operations into
autonomous, intelligent, and resilient systems capable of scaling Al safely and

effectively.
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