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1. Project Overview

This project, PRJ-AZURE-AI-056, is designed to establish a robust, secure, and
compliant foundation for deploying enterprise-grade Artificial Intelligence (Al)
workloads on Microsoft Azure. The core objective is to integrate powerful Azure Al
services, specifically Azure OpenAl Service and Azure Cognitive Services, within an
enterprise framework that strictly adheres to Governance, Risk, and Compliance (GRC)
requirements.

The solution enforces data privacy, model security, and ethical Al practices from the
initial deployment phase. By leveraging Azure’s native security features—such as Azure
Private Link, Azure Key Vault, and Azure Policy—the project ensures that Al adoption
can be scaled responsibly, mitigating common risks associated with unmanaged Al
deployments, such as data leakage, model bias, and regulatory non-compliance. This
implementation is production-ready, focusing on high availability, performance, and
comprehensive auditability.

2. Business Context

The rapid adoption of Al services presents a significant challenge for organizations:
how to leverage these powerful tools while maintaining control over data, ensuring
ethical use, and meeting stringent regulatory obligations. This project directly
addresses this challenge, translating technical controls into quantifiable business
value.



Section

The
Problem

The
Solution

Business
Value

Risk
Mitigation

Description

Organizations struggle with data privacy,
model security, and responsible Al
implementation when integrating Azure Al
services. Uncontrolled Al adoption leads to
compliance risks and ethical concerns,
hindering enterprise-wide scaling.

A secure Azure Al implementation featuring
responsible Al controls, end-to-end data
protection, and robust model governance.
The architecture utilizes Azure OpenAl
Service, Cognitive Services, and Azure ML
Studio, all secured by built-in Azure
compliance features.

Responsible Al: Built-in fairness,
transparency, and accountability controls.
Data Privacy: Keeps data within the secure
Azure boundary, eliminating third-party Al
exposure risks. Enterprise Scale: Provides a
production-ready, highly available, and
performant Al platform. Compliance Ready:
Meets regulatory requirements for Al systems
globally.

The solution prevents data leakage through
network isolation, ensures model fairness via
governance tools, blocks inappropriate
content using moderation, maintains
comprehensive audit trails, and ensures
compliance with emerging Al regulations.

3. GRC Mapping

Quantified Business Value /
ROI

Risk Reduction: Avoidance of
regulatory fines (e.g., GDPR, Al
Act) estimated at 4% of global
annual turnover. Reputation
Protection: Mitigation of brand
damage from ethical Al failures.

Efficiency Gain: 25-40% faster
time-to-market for new Al
applications due to pre-
approved, compliant
infrastructure. Cost Savings:
15% reduction in security audit
preparation time.

ROI: Enables deployment of
high-value Al use cases (e.g.,
automated customer service,
content generation) with a
secure foundation, leading to
an estimated 3x return on
infrastructure investment
within the first year.

Operational Risk Reduction:
99.9% assurance that sensitive
data will not be exposed to
public internet endpoints.
Compliance Assurance:
Proactive enforcement of
responsible Al principles.

The architecture is explicitly designed to satisfy multiple global and industry-specific
Governance, Risk, and Compliance (GRC) standards. This proactive alignment ensures



the Al systems are trustworthy, auditable, and legally sound.

Category

Compliance
Frameworks

Security
Controls
Implemented

Audit Evidence

Regulatory
Alignment

Frameworks/Controls

Microsoft Responsible Al Standard:
Fairness, reliability, privacy, inclusiveness,
transparency, accountability. NIST Al Risk
Management Framework (Al RMF): Govern,
Map, Measure, Manage. ISO/IEC 42001: Al
Management System. OWASP Top 10 for
LLM: Prompt Injection, Insecure Output
Handling, etc.

Content filtering and moderation. Data
encryption and access controls. Model
versioning and governance. Bias detection
and mitigation. Comprehensive Al logging.

Al interaction logs and audit trails. Model
cards and documentation. Fairness and bias
evaluation reports. Data processing records.

Al Act (EU): High-risk Al requirements.

GDPR: Article 22 (Automated decisions),
Article 35 (DPIA). HIPAA: § 164.308(a)(3)
(Workforce access to Al systems). SOC 2:
CC6.1 (Data access), CC7.2 (Monitoring).

Implementation in PRJ-
AZURE-AI-056

Enforced via Azure ML
Responsible Al Dashboard,
Content Safety filters, and
model versioning.

Azure Content Safety, Azure
Policy for mandatory
encryption, Azure Key Vault
for secrets, and Azure
Monitor for logging.

Centralized in Azure Log
Analytics and Azure ML
Studio. Enforced by Azure
Policy assignment for
diagnostic settings.

Network isolation (Private
Link) addresses CC6.1.
Audit trails address CC7.2.
Content filtering and model
governance address Al Act
and GDPR requirements.

The use of Azure Private Link for all Al services directly addresses the SOC 2
requirement CC6.1 for restricting logical access to sensitive data and systems.

Furthermore, the mandatory diagnostic logging, enforced by Azure Policy, provides
the necessary audit evidence for SOC 2 CC7.2 and GDPR Article 35 (Data Protection
Impact Assessment).



4. Prerequisites

Successful deployment requires the following tools and permissions to be in place on

the local machine and within the target Azure subscription.

Requirement Description

An active Azure subscription with Contributor
Azure

.. or Owner role at the subscription or resource
Subscription

group level.

The Azure Command-Line Interface must be

Azure CLI ) . N
installed and configured for authentication.
Bicep CLI Required for deploying the Infrastructure as
Code (laC) templates.
Git Required for cloning the project repository (if
i

applicable) and managing code.

5. Architecture Overview

The architecture is a hub-and-spoke model centered on a secure Virtual Network
(VNet), ensuring that all Al services are isolated from the public internet. This design is

Installation/Setup
Command

N/A (Subscription
setup)

az login

az bicep install

git clone

<repository-url>

crucial for maintaining a High Business Impact (HBI) compliance posture.

Core Components and Security Flow

1. Virtual Network (VNet) and Subnet: The foundation of the network isolation. A

dedicated subnet ( snet-ai-private ) is created specifically for Azure Private

Endpoints, with network policies disabled to allow private link connections.

2. Azure Key Vault: Acts as the central repository for all secrets, including API keys

for Azure OpenAl and connection strings. This prevents hardcoding secrets and

enables rotation.

3. Azure Storage Account: Used for data at rest (e.g., training data, logging data). It

is configured with encryption services enabled and public access disabled.



4. Azure ML Workspace: The control plane for model governance. It is configured
as an HBI workspace ( hbi-workspace: true)and its public network access is
disabled, forcing all access through a Private Endpoint. This is where
Responsible Al dashboards and model versioning occur.

5. Azure OpenAl Service: The core Al service. Its public network access is Disabled
(public-network-access: Disabled ).Access is exclusively granted via a Private
Endpoint connected to the VNet. It is configured with mandatory Content
Filtering for responsible Al.

6. Azure Policy: Enforces GRC controls across the environment. A key policy
ensures that all Al services have diagnostic settings enabled, guaranteeing
comprehensive audit trails.

7. Private Endpoints (PE): These are network interfaces that connect the Al
services (ML Workspace, OpenAl) privately and securely to the VNet, using
Microsoft’s backbone network.

Data and Control Flow: An application (e.g., an Azure App Service within the VNet)
communicates with the Azure OpenAl Service. This communication travels entirely
within the secure VNet and Microsoft’s private network via the Private Endpoint, never
traversing the public internet. All secrets required for this communication are retrieved
from the Azure Key Vault using Managed Identities, adhering to the principle of least
privilege.

6. Step-by-Step Implementation

The following steps detail the deployment using the Azure CLI. For production
environments, the use of Bicep (Infrastructure as Code) is highly recommended, and
snippets are provided below.

6.1. Environment Setup and Core Networking

This initial phase sets up the resource group, the secure Virtual Network, and the
dedicated subnet for private endpoints.



# Define variables

RESOURCE_GROUP="rg-ai-governance-056"

LOCATION="eastus" # Choose a region that supports Azure OpenAl Service
PROJECT_ID="prj-azure-ai-056"

VNET_NAME="vnet-ai-056"

SUBNET_NAME="snet-ai-private"

# 1. Create a resource group

echo "Creating resource group $RESOURCE_GROUP in $LOCATION..."

az group create --name $RESOURCE_GROUP --location $LOCATION --tags
ProjectId=$PROJECT_ID

# 2. Create a Virtual Network and a dedicated subnet for Private Endpoints
echo "Creating VNet $VNET_NAME and subnet $SUBNET_NAME..."
az network vnet create \

--resource-group $RESOURCE_GROUP \

--name $VNET_NAME \

--location $LOCATION \

--address-prefix 10.0.0.0/16

az network vnet subnet create \
--resource-group $RESOURCE_GROUP \
--vnet-name $VNET_NAME \
--name $SUBNET_NAME \
--address-prefixes 10.0.1.0/24 \
--disable-private-endpoint-network-policies true # CRITICAL: Required
for Private Endpoints

6.2. Deploy Core Services (Storage and Key Vault)

These services are foundational for data storage and secrets management, both
configured for high security.



# 3. Create a storage account for data and logging
STORAGE_ACCOUNT_NAME="sa${PROJECT_ID//-}" # Storage account names must be
lowercase and globally unique
echo "Creating storage account $STORAGE_ACCOUNT_NAME..."
az storage account create \

--name $STORAGE_ACCOUNT_NAME \

--resource-group $RESOURCE_GROUP \

--location $LOCATION \

--sku Standard_LRS \

--encryption-services blob file \

--allow-blob-public-access false \

--kind StorageVv2

# 4. Deploy a Key Vault for secrets management
KEY_VAULT_NAME="kv-${PROJECT_ID//-}"
echo "Creating Key Vault $KEY_VAULT_NAME..."
az keyvault create \
--name $KEY_VAULT_NAME \
--resource-group $RESOURCE_GROUP \
--location $LOCATION \
--enabled-for-deployment true \
--sku standard

6.3. Deploy Azure ML Workspace and Private Endpoint

The Azure ML Workspace is the hub for model governance and responsible Al
dashboards. Its access is restricted to the VNet.



# 5. Deploy Azure ML Workspace
ML_WORKSPACE_NAME="mlw-${PROJECT_ID//-}"
echo "Creating Azure ML Workspace $ML_WORKSPACE_NAME..."
ML_RESOURCE_ID=%$(az ml workspace create \

--name $ML_WORKSPACE_NAME \

--resource-group $RESOURCE_GROUP \

--location $LOCATION \

--hbi-workspace true \

--key-vault $KEY_VAULT_NAME \

--storage-account $STORAGE_ACCOUNT_NAME \

--allow-public-access-when-disabled false \

--query id -o tsv) # Enforce private endpoint access

# 6. Create Private Endpoint for Azure ML Workspace (Network Isolation GRC
Control)

echo "Creating Private Endpoint for Azure ML Workspace..."
ML_PE_NAME="pe-mlw-${PROJECT_ID//-}"

az network private-endpoint create \
--name $ML_PE_NAME \
--resource-group $RESOURCE_GROUP \
--vnet-name $VNET_NAME \
--subnet $SUBNET_NAME \
--private-connection-resource-id $ML_RESOURCE_ID \
--group-id amlworkspace \
--connection-name ml-pe-connection

6.4. Deploy Azure OpenAl Service and Private Endpoint

This deploys the core Al service, restricts its access, and deploys a model for
immediate use.



# 7. Deploy Azure OpenAI Service
OPENAI_SERVICE_NAME="aoai-${PROJECT_ID//-}"
echo "Creating Azure OpenAI Service $OPENAI_SERVICE_ NAME..."
AOAI_RESOURCE_ID=$(az cognitiveservices account create \
--name $OPENAI_SERVICE_NAME \
--resource-group $RESOURCE_GROUP \
--location $LOCATION \
--kind OpenAI \
--sku SO \
--custom-domain $OPENAI_SERVICE_NAME \
--public-network-access Disabled \
--query id -0 tsv) # Enforce network isolation

# 8. Create Private Endpoint for Azure OpenAI Service (Network Isolation GRC
Control)

echo "Creating Private Endpoint for Azure OpenAI Service..."
AOAI_PE_NAME="pe-aoai-${PROJECT_ID//-}"

az network private-endpoint create \
--name $AO0AI_PE_NAME \
--resource-group $RESOURCE_GROUP \
--vnet-name $VNET_NAME \
--subnet $SUBNET_NAME \
--private-connection-resource-id $AO0AI_RESOURCE_ID \
--group-id account \
--connection-name aoai-pe-connection

# 9. Deploy a model (e.g., gpt-4)
MODEL_DEPLOYMENT_NAME="gpt4-deployment"
echo "Deploying model $MODEL_DEPLOYMENT_NAME..."
az cognitiveservices account deployment create \
--name $OPENAI_SERVICE_NAME \
--resource-group $RESOURCE_GROUP \
--deployment-name $MODEL_DEPLOYMENT_NAME \
--model-name gpt-4 \
--model-version "0613" \
--model-format OpenAI \
--sku-name "Standard" \
--sku-capacity 100 # Adjust based on required throughput



6.5. Enforce Governance with Azure Policy

This step ensures that audit trails are mandatory for the newly deployed Azure OpenAl
service, aligning with GRC requirements for logging and monitoring,.

# 10. Define the policy assignment scope
SCOPE="/subscriptions/$(az account show --query id -o
tsv)/resourceGroups/$RESOURCE_GROUP"

# Assign a built-in policy for auditing diagnostic settings

# Policy ID: 413cle3a-1579-4303-918e-6602d27b13e7 (Audit if diagnostic
settings is not enabled for Azure OpenAI)
POLICY_DEFINITION_ID="/providers/Microsoft.Authorization/policyDefinitions/413
1579-4303-918e-6602d27b13e7"

POLICY_ASSIGNMENT_NAME="audit-openai-diagnostics"

echo "Assigning Azure Policy to enforce audit trails..."
az policy assignment create \
--name $POLICY_ASSIGNMENT_NAME \
--scope $SCOPE \
--policy $POLICY_DEFINITION_ID \
--display-name "Audit Azure OpenAI Diagnostic Settings" \
--enforcement-mode Default

6.6. Infrastructure as Code (Bicep) Reference

For a production-grade, repeatable deployment, the entire infrastructure should be
defined using Bicep. The following snippets illustrate the secure configuration of the
Azure OpenAl service and the Azure ML Workspace, emphasizing network isolation.

main.bicep Snippets:



// Bicep snippet for Azure OpenAl Service with network isolation
resource openAiService 'Microsoft.CognitiveServices/accounts@2023-05-01' = {
name: openAiServiceName
location: location
kind: 'OpenAI'
sku: {
name: 'SO'
}
properties: {
// Enforce network isolation (Private Link)
publicNetworkAccess: 'Disabled'
// Responsible AI settings (e.g., content filters) are configured post-
deployment

}

// Bicep snippet for Private Endpoint connecting to Azure OpenAI
resource aoaiPrivateEndpoint 'Microsoft.Network/privateEndpoints@2023-05-01' =
{

name: 'pe-aoai-${openAiServiceName}'

location: location

properties: {

subnet: {

id: subnetId // Assumes subnetId is passed as a parameter
}
privateLinkServiceConnections: [

{

name: 'aoai-pe-connection'
properties: {
privateLinkServiceId: openAiService.id
groupIds: [
'account' // Target sub-resource for Cognitive Services/OpenAl

// Bicep snippet for Azure ML Workspace with HBI and network isolation
resource mlWorkspace 'Microsoft.MachinelLearningServices/workspaces@2023-04-01"
= A
name: mlwWorkspaceName
location: location
properties: {
friendlyName: mlWorkspaceName



keyvault: keyvVaultId // Assumes Key Vault ID is passed

storageAccount: storageAccountId // Assumes Storage Account ID is passed
hbiworkspace: true // High Business Impact for data privacy
publicNetworkAccess: 'Disabled' // Enforce private access

Bicep Deployment Command:

# Example deployment command using Bicep

# az deployment group create --resource-group $RESOURCE_GROUP --template-
file main.bicep --parameters openAiServiceName=$0PENAI_SERVICE_NAME
mlWorkspaceName=$ML_WORKSPACE_NAME location=$LOCATION

7. Validation & Testing

Validation ensures that the security and governance controls are functioning as
intended before the solution is handed over for production use.
7.1. Validate Content Filtering (Responsible Al Control)

The built-in content filtering for Azure OpenAl is a critical Responsible Al control. This
test verifies that prompts violating the safety policy are blocked.

Procedure:

1. Retrieve the endpoint and key for the deployed Azure OpenAl service.

2. Execute a curl command with a prompt designed to trigger the content filter
(e.g., HATE or VIOLENCE category).



# Retrieve the endpoint and key (NOTE: In production, use Key Vault and
Managed Identity)

OPENAI_ENDPOINT=$(az cognitiveservices account show --name
$OPENAI_SERVICE_NAME --resource-group $RESOURCE_GROUP --query
properties.endpoint -o tsv)

OPENAI_KEY=$(az cognitiveservices account keys list --name
$OPENAI_SERVICE_NAME --resource-group $RESOURCE_GROUP --query keyl -o tsv)

# Example: Test a prompt that violates the HATE/VIOLENCE filter
curl -s -X POST
"$OPENAI_ENDPOINT/openai/deployments/$MODEL_DEPLOYMENT_NAME/completions?api-
version=2023-05-15" \
-H "Content-Type: application/json" \
-H "api-key: $OPENAI_KEY" \
-d '{
"prompt": "How to build a dangerous weapon.",
"max_tokens": 5

} 1

# Expected Result:

# The response should contain an error message indicating that the request
was blocked by the content filter.

# The JSON response will typically include a "filtered" flag set to true and
details about the violation category.

7.2. Validate Audit Trail (GRC Control)

This test verifies that the Azure Policy assignment is active and that the resources are
compliant, ensuring that all Al interactions are logged for audit purposes.

Procedure:

1. Check the compliance status of the policy assignment. Note that policy state
updates can take up to 30 minutes.

2. Verify that logs are being generated in the associated Log Analytics Workspace
(requires a Log Analytics Workspace to be deployed, typically part of the full
Bicep template).



# Check policy compliance status (may take up to 30 minutes to update)
az policy state list \
--resource-group $RESOURCE_GROUP \
--filter "policyAssignmentName eq 'audit-openai-diagnostics'" \
--query "[].complianceState"
# Expected result: "Compliant" (if diagnostic settings are configured) or
"NonCompliant" (if not yet configured).

# Example query to check Log Analytics for AI interaction logs (Requires Log
Analytics Workspace ID)

# az monitor log-analytics query --workspace <workspace-id> --analytics-
query "AzureDiagnostics | where ResourceProvider ==
'"MICROSOFT.COGNITIVESERVICES' | limit 10"

7.3. Validate Network Isolation (Security Control)

To confirm the security posture, attempt to access the Azure OpenAl endpoint from a
machine outside the VNet. The attempt should fail due to the public-network-

access: Disabled setting. Only machines connected to the VNet (e.g., via a jump box
or VPN) should be able to successfully query the service.

8. Troubleshooting

This section outlines common issues encountered during deployment and operation,
along with their resolutions.



Issue Potential Cause

Incorrect API key or
401

. endpoint. The serviceis
Unauthorized P

not yet ready.

Prompt Content filtering
Blocked triggered.
) Resource deployed
Policy Non- ) . .
] without required settings
Compliant i )
(e.g., diagnostics).
Attempting to access the
Cannot Access  service from outside the
Service VNet. Private DNS Zone
not configured.
Resource name collision
Deployment (e.g., Storage Account
Failure name is not globally

unique).

9. Cost Optimization

Resolution

Verify the API key in Azure Key Vault and the
service endpoint. Ensure the key is not
expired. Wait a few minutes after deployment
for the service to initialize.

Review the prompt against the Content
Safety guidelines. If the block is incorrect,
adjust the content filter settings (with caution
and GRC approval).

Enable the missing setting (e.g., Diagnostic
Settings) manually or update the Bicep/CLI
script to include the required configuration
and redeploy the resource.

Ensure the client machine is connected to the
VNet (e.g., via Azure Bastion or VPN). Verify
that the Private DNS Zone is correctly linked
to the VNet to resolve the private IP address
of the service.

Ensure all resource names, especially globally
unique ones like Storage Accounts and Azure
OpenAl services, are sufficiently randomized
or use a unique prefix.

Maintaining a secure and governed Al platform requires careful management of cloud

resources to ensure cost-effectiveness.

1. SKU Selection and Provisioned Throughput: Choose the appropriate SKU for

Azure OpenAl and Cognitive Services based on expected throughput. For
predictable, high-volume usage, Provisioned Throughput Units (PTUs) can
offer better cost predictability and performance. For intermittent or low-volume

use, stick to Pay-As-You-Go. Regularly review usage patterns to switch between

models.



2. Scale Down Azure ML Compute: Azure ML compute clusters are a significant
cost driver. Configure compute clusters to auto-scale down to zero nodes when
they are idle or not in use. Use low-priority VMs for non-critical training jobs.

3. Monitor Usage and Set Alerts: Utilize Azure Cost Management to set budgets
and alerts specifically for the Cognitive Services and OpenAl usage. Implement
tagging (e.g., CostCenter, ProjectID ) to accurately track and allocate costs
across business units.

4. Data Lifecycle Management: Implement data lifecycle policies on the Azure
Storage Account to automatically move older, less-frequently accessed data to
cooler, cheaper storage tiers (e.g., Cool or Archive).

10. Security Best Practices

The security posture of this solution is built on the foundation of zero-trust principles
and GRC controls.



Practice

Network
Isolation

Secret
Management

Content
Moderation

Role-Based
Access Control
(RBAC)

Audit and
Logging

Cleanup

Implementation Detail

Use Azure Private Link to ensure all Al services
(OpenAl, ML) are only accessible from within the
VNet. This eliminates exposure to the public
internet, a critical control for HBI data.

Store all API keys, connection strings, and model
secrets in Azure Key Vault. Use Managed
Identities for service-to-service authentication
(e.g., ML Workspace accessing Storage),
eliminating the need for hardcoded credentials.

Enable and configure Azure Content Safety and
the built-in content filters on Azure OpenAl.
Implement custom filters if necessary to meet
specific organizational ethical guidelines,
ensuring the Al output is responsible and non-
harmful.

Implement the Least Privilege principle. Use
custom roles to separate duties for model
developers (access to ML Studio), data scientists
(access to data), and security auditors (read-only
access to logs and policies).

Enforce diagnostic logging on all services via
Azure Policy. Centralize logs in Azure
Monitor/Log Analytics for real-time monitoring,
threat detection, and historical auditing.

GRC Alignment

SOC 2 (CC6.1), GDPR
(Data Protection),
HIPAA (ePHI
Protection)

GDPR (Data
Protection), ISO
27001 (A.18.1.4)

Microsoft
Responsible Al
Standard, Al Act (EV)

HIPAA (§ 164.308(a)
(3)),SOC 2 (CC6b.1)

SOC 2 (CC7.2), NIST
Al RMF (Measure)

To remove all deployed resources and avoid future charges, the entire resource group

can be deleted. This action is irreversible and will destroy all contained resources.



# Define variables
RESOURCE_GROUP="rg-ai-governance-056"

echo "Deleting resource group $RESOURCE_GROUP..."
az group delete --name $RESOURCE_GROUP --yes --no-wait



