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A practical architecture guide for deciding which Al workloads
belong in private, hybrid, or public infrastructure — with
deployment patterns, model selection frameworks, and a
production-readiness checklist.
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The Sovereignty Dilemma:
Private vs. Public Al Infrastructure

Mid-market enterprises are currently navigating a strategic pincer movement. While public frontier LLM
APIs offer strong speed-to-market, they introduce real planning friction: vendor-specific data retention,
residency and audit constraints, complex compliance hurdles (GDPR/HIPAA/SOC 2), and usage-based
billing that scales poorly for high-volume automation.

THE CORE THESIS

Most enterprises do not need to move every Al workload onto private infrastructure. They need a
workload-based architecture: run sensitive, high-volume, and repeatable tasks on private or
dedicated infrastructure, and reserve public frontier models for workflows that require advanced
reasoning, multimodal synthesis, or rapid experimentation.

WHAT THIS BLUEPRINT COVERS

PRIVATE INFRASTRUCTURE ANATOMY SECURE RAG ARCHITECTURE

Production runtime selection (vLLM, TensorRT-LLM), Zero-data-leakage perimeter design, in-place

model right-sizing, and quantization trade-offs for embedding, vector sovereignty, and guardrail
enterprise serving. enforcement.

MCP INTEGRATION LAYER TCO & ROI DECISION FRAMEWORK

Model Context Protocol as an enterprise service bus for Workload inflection point analysis, TCO worksheets, and
governed, least-privilege Al-to-system integration. the practical decision rule for infrastructure choice.

Enterprise architects, CTOs, and technology leaders evaluating whether to build private Al inference capacity,

move to a hybrid model, or remain on public APIs. Also useful for CISOs scoping data sovereignty requirements
and CFOs building a TCO model for Al infrastructure investment.
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Section 1: The Anatomy of
Modern Private Infrastructure

To transition from experimental R&D to mission-critical production, organizations must build an inference and

orchestration stack that mirrors the robustness of their existing enterprise middleware.

1.1 THE PRODUCTION RUNTIME LAYER

Tools like Ollama are useful for developer sandboxing, demos, and small internal deployments. For teams needing lower-level

control over GGUF models, quantization, and CPU/GPU offload, llama.cpp and llama-server are better reference runtimes. For

high-concurrency enterprise serving, production stacks move toward vLLM, TensorRT-LLM, or managed inference platforms.

r
Continuous Batching

Naive serving processes requests inefficiently, leaving expensive GPU capacity underutilized. Engines like vLLM and
TensorRT-LLM use continuous or in-flight batching to insert new requests into the inference cycle as capacity becomes
available, increasing throughput for multi-user workloads.

Paged Attention

Managing the KV (Key-Value) Cache is one of the primary bottlenecks in LLM memory management. PagedAttention (as seen
in vLLM) near-eliminates KV-cache memory fragmentation, reducing sequential memory waste to under 4% and enabling
larger context windows on the same hardware.

Model Compilation (TensorRT-LLM)

Enables model-specific kernel optimizations and weight-only quantization that can materially improve throughput and
latency on supported NVIDIA architectures, especially when paired with in-flight batching, paged attention, and quantization.

RUNTIME SELECTION GUIDE

RUNTIME BEST FOR PRODUCTION GRADE
Ollama Developer sandboxing, demos, small deployments Dev Only
llama.cpp / llama-server Edge workstations, hybrid CPU/GPU, GGUF models Limited Scale
vLLM High-concurrency serving, multi-user production

TensorRT-LLM NVIDIA GPU optimization, maximum throughput
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1.2 Model Selection &
Quantization Strategy

Standardizing on frontier-class 70B+ models for every task is an architectural anti-pattern that leads to excessive

latency and wasted compute. The right model is the smallest one that reliably meets the task's accuracy threshold.

TASK-SPECIFIC RIGHT-SIZING

TASK CATEGORY EXAMPLE MODEL FAMILIES (MAY 2026) DEPLOYMENT CAVEAT

Extraction, classification, routing, = Gemma 4 small variants, Qwen3 Validate accuracy on edge cases before scaling

summarization small/medium, IBM Granite 4.1 small

Private RAG, internal assistants Mistral Small 3.2 24B, Gemma 4 26B/31B,

Llama 4 Scout, Qwen3 variants

Benchmark retrieval quality and hallucination

rate on your own corpus

Multimodal: documents, images, Gemma 4, Llama 4, Qwen3-VL, Qwen3-Omni Confirm OCR, chart, table, and layout

audio performance on real documents

Coding, tool use, agentic Qwen3-Coder, DeepSeek V4 Flash, NVIDIA

Nemotron 3

Require sandboxing, approval gates, and

automation regression tests before write access

Frontier reasoning, complex DeepSeek V4 Pro, GLM-5.1, Llama 4 Maverick Requires specialized serving infrastructure and

synthesis licensing review

Model families listed are illustrative evaluation candidates as of May 2026. Review licenses, commercial-use rights, and hardware footprint
before procurement.

QUANTIZATION DEEP-DIVE

AWQ

Activation-aware Weight Quantization. Strong for GPU-
focused production. Compresses model weights
substantially, making larger models practical on smaller GPU
footprints.

FP8 / NVFP4

Increasingly relevant for high-throughput GPU serving on
supported accelerators. Requires hardware, runtime, and
model compatibility checks.

© 2026 Al Conexio

GGUF

Excellent for local developer sandboxing and edge
workstations. For multi-user production, typically bypassed
in favor of AWQ or FP8 formats running on vLLM or
TensorRT-LLM.

THE TRADE-OFF

A 4-bit 70B-class model can outperform smaller full-
precision models on complex reasoning, but it still has
materially different memory, latency, and serving
requirements. Treat quantization as a deployment trade-
off, not a free upgrade.

Page 4 of 1
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Section 2: Data Sovereignty &
Secure RAG Architecture

Retrieval-Augmented Generation (RAG) is the bridge between static model weights and live enterprise
intelligence. In a sovereign blueprint, this bridge must be contained within a hardened perimeter and
treated as a governed data product.

Ingestion rules, chunking strategy, embedding lifecycle, access filtering, retrieval evaluation, and deletion workflows
matter as much as the model itself.

2.1 THE ZERO-DATA-LEAKAGE PERIMETER
4
In-Place Embedding

Source data stays inside the VPC. Local embedding models (e.g., BGE-M3 or Hugging Face TEI) transform internal
PDFs, SQL records, and Confluence pages into vectors within the private subnet. Data never leaves your controlled
boundary to generate embeddings.

Vector Sovereignty

Using pgvector on existing PostgreSQL clusters or dedicated engines like Qdrant allows enterprises to apply
standard database security policies (RBAC, encryption at rest) to their Al knowledge base. The vector store is a
first-class governed data asset.

CONTINUED ON NEXT PAGE

Section 2.2 covers the local validation framework: guardrails, safety classifiers, and the complete secure RAG
perimeter summary.
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Section 2 (continued):
Local Validation & Guardrails

2.2 THE LOCAL VALIDATION FRAMEWORK

03 - DATA SOVEREIGNTY

To meet CISO requirements, the LLM should be wrapped in a policy-enforcement layer that intercepts inputs and

outputs before they reach users or internal systems.

4

NeMo Guardrails

control layer.

Safety Classifiers (Llama Guard / ShieldGemma / Prompt Guard)

do not replace, deterministic controls such as allowlists, access checks, and audit logging.

SECURE RAG ARCHITECTURE SUMMARY

The complete secure RAG perimeter in a sovereign deployment:

v
v
v
v
v
v

All source documents remain inside the private VPC during ingestion

Embeddings generated by a locally deployed embedding model (no external API calls)
Vector store managed as a governed database with RBAC and encryption

Retrieval filtered by user-level access controls before context is injected

LLM output evaluated by safety classifiers before delivery

Immutable audit log for every retrieval and generation event

An open-source toolkit allowing architects to define "Colang" scripts to steer the LLM, preventing it from

discussing off-topic subjects or accessing unauthorized internal tools. Adds a programmable conversation

Specialized safety and security classifiers that evaluate inputs and outputs before they reach users or tools. Can
detect unsafe content, policy violations, jailbreak attempts, and prompt-injection patterns. They complement, but
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Section 3: Standardizing Integration
with Model Context Protocol

The Model Context Protocol (MCP) is an emerging standard for connecting Al applications to tools, files,

databases, and internal systems through a consistent interface.

For enterprise architects, MCP is best understood as an Enterprise Service Bus (ESB) for the Al era: a
standardized integration layer that governs how Al systems discover and invoke business capabilities.

CORE MCP SECURITY PRINCIPLES

a Secure Abstraction

Instead of giving an LLM direct database credentials, the architect deploys an MCP Server. The server exposes
specific "Tools" (e.g., query_customer_history ) and "Resources” (e.g., technical_manuals/v2 ). The model never
holds raw credentials.

9 Least-Privilege Tooling

MCP standardizes how a model talks to a database, file system, or business application, but does not enforce the
core security boundary by itself. Production deployments still need deterministic controls: scoped database
service accounts, allowlisted tools, user-level authorization, approval gates for destructive actions, strict network
egress policy, and immutable audit logs for every tool call.

e Contextual Fetching

When a user asks about a specific project, the LLM uses the MCP client to fetch only the relevant rows or file
snippets. This context stays within the local network, providing the model with governed access to internal
systems without exposing broad credentials or unrestricted network paths.

MCP PRODUCTION HARDENING CHECKLIST

v/ Scoped service accounts per MCP server instance v Strict network egress policy for MCP server hosts

v Allowlist of permitted tool names and operations v Immutable audit log for all tool calls with user context

v User-level authorization on every tool invocation v Timeout and rate limits per tool to prevent runaway
agents

v Approval gates for any destructive or write operations
v Version-pinned MCP server deployments with rollback
path

© 2026 Al Conexio Page 7 of N
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Section 4: The Financial Architecture
TCO & ROI Analysis

The decision to host private LLM infrastructure is no longer just about security. It is a shift from usage-based

vendor spend to owned or reserved infrastructure with real operating responsibilities.

PUBLIC VS. SOVEREIGN: COST MODEL COMPARISON

DIMENSION PUBLIC FRONTIER APIS SOVEREIGN HYBRID INFRASTRUCTURE

Cost Model Variable, pay-per-token Fixed hardware CapEx or reserved instance

Data Privacy Contractual and vendor-controlled Architectural and internally governed

Latency Network-dependent, vendor-load dependent Lower network latency, model-dependent end-to-end
Rate Limits Vendor-imposed and tiered Hardware-bound and dedicated

Compliance Third-party audit dependent Internal controls plus infrastructure evidence

THE HIDDEN COST: OPERATIONAL COMPLEXITY

Private inference is not just a GPU purchase. It requires platform ownership for uptime, autoscaling, patching, model
rollbacks, observability, capacity planning, security reviews, and incident response. If an organization cannot assign
clear ownership for those responsibilities, public APIs or managed private inference may deliver better risk-adjusted
ROL

THE WORKLOAD INFLECTION POINT

The inflection point is not a universal token count. It depends on four variables:

v/ Daily token volume and input/output ratio

v Required latency and concurrency across user population

v Model size and context length requirements by task type

V' Fully loaded infrastructure cost including GPUs, hosting, monitoring, security, maintenance, and engineering support

Private infrastructure becomes more attractive when workloads are high-volume, predictable, latency-sensitive, and
security-constrained. Public APIs often remain better for low-volume, bursty, frontier-reasoning workloads.



05 - FINANCIAL ARCHITECTURE

:.f: Al Conexio

CONNECT. AUTOMATE. TRANSFORM.

TCO Worksheet &
The Practical Decision Rule

TCO ASSESSMENT VARIABLES

VOLUME & PERFORMANCE DATA & GOVERNANCE INFRASTRUCTURE & PERSONNEL

v Daily token volume: 5M / 25M / v Data sensitivity: public / internal / v/ Model class: small / medium /
100M regulated large / frontier
v Input/output token ratio: 20% / v Compliance: GDPR / HIPAA / SOC v Operating model: on-prem /
50% / 80% 2 [ internal private cloud / reserved GPU /
v/ Required concurrency: 10 / 50 / V' Retention and deletion public API
250+ users requirements v Fully loaded engineering support
v Latency target: sub-second / 2s / v Access-control model and audit Gkt
batch obligations v Target GPU utilization: 30% / 50%

THE PRACTICAL DECISION RULE

USE PRIVATE OR HYBRID INFRASTRUCTURE WHEN...

Workload is high-volume and predictable
Data is sensitive, regulated, or contractually restricted
Latency requirements are tight (sub-second)

Tasks are repetitive enough to benefit from right-sized
models

Team has capacity for operational ownership

MOST ENTERPRISES NEED BOTH

[ 70%+

USE PUBLIC FRONTIER APIS WHEN...

» Workload is low-volume or experimental

» Task depends on top-tier reasoning capability

Multimodal or rapidly evolving requirements
No sensitive enterprise data is involved

Speed-to-market matters more than infrastructure
control

A workload-based hybrid model is usually optimal: private inference for high-volume, sensitive, and latency-sensitive

workloads; public frontier APIs for low-volume strategic tasks, frontier reasoning, and multimodal synthesis. The key

decision is which workloads cross the sensitivity or volume threshold that makes private infrastructure worth its

operational cost.

© 2026 Al Conexio
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06 - PRODUCTION READINESS

Minimum Production Checklist:

Sovereign LLM Deployment

Before promoting a sovereign or hybrid LLM workload into production, verify the following controls are in place.

This checklist represents the minimum viable governance posture for enterprise Al infrastructure.

Identity and Access
[ ] Role-based access with least-privilege principles

[] Scoped service accounts per workload and system

[] User-level authorization for tools and data access

Network Boundary

[ ] Private endpoints for inference, retrieval, and

orchestration
[} Restricted egress with explicit trust zones

[] Secrets management with rotation policy

Model Governance
[ ] Approved model registry with license review
[] Version pinning and quantization records

[ ] Documented rollback path for model changes

Evaluation Harness
[] Task-specific benchmarks and hallucination checks
[] Retrieval quality and safety tests

[ ] Regression suites before every model change

Observability
[ ] Request logs, token usage, and latency metrics
[] GPU utilization and retrieval traces

[ ] Guardrail events and tool-call audit trails

Data Controls
[] Retention policy and encryption at rest and in transit
[] PIlhandling procedures and access reviews

[ ] Documented deletion and data lifecycle workflows

Reliability
[] Capacity plan and queueing behavior defined
[] Fallback path for inference failures

[] Backup strategy and incident-response runbook

Cost Controls
[] Budget alerts and per-workload usage attribution
[ ] Hardware utilization targets (70%+ for ROI)

[] Reserved-capacity review cadence
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Sources & Further Reading

— VLLM PagedAttention paper: arxiv.org/abs/2309.06180

— VLLM documentation: docs.vlim.ai

— NVIDIA TensorRT-LLM documentation: nvidia.github.io/TensorRT-LLM

— llama.cpp: github.com/ggmil-org/llama.cpp

— llama-server documentation: llama.cpp/tools/server

— Ollama documentation: docs.ollama.com

— Model Context Protocol specification: modelcontextprotocol.io/specification

— MCP security guidance: modelcontextprotocol.io — security best practices

— NVIDIA NeMo Guardrails: docs.nvidia.com/nemo/guardrails

— Meta Llama Guard: huggingface.co/meta-llama

— Google ShieldGemma: ai.google.dev/gemma/docs/shieldgemma

— Prompt Guard: huggingface.co/meta-llama/Prompt-Guard-86M

Review current Hugging Face model cards before procurement. Licenses, context windows, quantized checkpoints, and serving

support change frequently.
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Ready to Decide Which Al Workloads
Belong in Private Infrastructure? aiconexio.com

hello@aiconexio.com
Successful Al adoption requires more than just a model. It requires

an architectural blueprint that respects the boundaries of your

enterprise data. Al Conexio helps leadership teams assess data
sensitivity, workload economics, model fit, and implementation risk
before committing to a platform strategy.
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