Cloud Integration Mastery:
AWS, Azure, GCP Basics &
Hybrid Connectivity

Welcome to this comprehensive guide on cloud integration across the major cloud
service providers. We'll explore the fundamentals of AWS, Azure, and Google Cloud
Platform, learn how to deploy virtual networks, and master hybrid connectivity

strategies for seamless multi-cloud operations.



——’

Understanding the core principles and terminology of cloud integration is essential before diving into specific platforms. In this chapter, we'll

establish the groundwork for working across AWS, Azure, and Google Cloud Platform.



What is Cloud Integration?

Cloud integration is the process of connecting applications, data, and services

across multiple cloud platforms to create a unified, seamless ecosystem.

It enables organizations to:

- Exchange data between different cloud environments
« Manage resources through centralized control planes
« Create cohesive workflows across hybrid architectures

« Leverage specialized services from multiple providers



Types of Cloud Integration

v Data Integration — syncing data across systems (e.g., customer
data updated in one system updates everywhere).

v Application Integration — connecting apps so they work together
(e.g., CRM talking to email system).

v" Process Integration — automating workflows across clouds (e.g.,

order placed online — triggers shipping — updates finance).



Cloud Platform Service Providers

AWS (Amazon Web Services)
Launched: 2006 (the oldest and biggest cloud
provider).
Strengths: Huge range of services, global coverage,
scalability.
Popular Services:

EC2 — Virtual servers (compute).

S3 — Storage (like Google Drive, but for businesses).

RDS — Managed databases.
VPC — Networking (Virtual Private Cloud).
Best for: Startups, enterprises, and companies

needing a wide variety of cloud services.

Top Companies using (AWS)
Netflix, Spotify,Airbnb,Uber

Microsoft Azure
Launched: 2010.

Strengths: Integration with Microsoft products
(Windows, Office 365, Active Directory). Great for
hybrid cloud (mix of local + cloud).
Popular Services:
Virtual Machines (VMs) — Compute power.
Blob Storage — Object storage.
Azure SQL Database — Database service.
VNet — Virtual Networking.
- Best for: Organizations already using Microsoft

software

Top Companies using Microsoft Azure
Walmart, Coca-Cola,Bank of America



Cloud Platform Service Providers cont’

Google Cloud Platform (GCP)
Google Cloud Platform (GCP)

Launched: 2011.
Strengths: Big data, analytics, and Artificial
Intelligence (Al). Runs on the same infrastructure
Google uses for YouTube, Gmail, etc.
Popular Services:
Compute Engine — Virtual machines.
Cloud Storage — Storage service.
BigQuery — Data analytics and warehousing.
VPC — Networking service.

- Best for: Data-heavy companies, startups in

Al/ML, or those already using Google services.



The Cloud Giants: AWS, Azure, and Google Cloud

347 217 10%

AWS Market Share Azure Market Share GCP Market Share

Leading global cloud provider with Microsoft's cloud platform with Google's cloud offering known for
comprehensive service offerings strong enterprise integration and data analytics, machine learning,
across compute, storage, and nybrid capabilities and global network infrastructure

specialized services

Each cloud provider offers more than 200 unique services and maintains global data centers
for worldwide reach. Multi-cloud strategies are increasingly common for organizations

seekinaresilience. cost optimization. and specialized capabilities from each orovider.
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Virtual networks

A virtual network (VNet in Azure, VPC in AWS/GCP) is like a private space in the cloud

where your resources (servers, databases, apps) live and talk to each other securely

Why Deploy Virtual Networks?

1.To separate your resources from others in the cloud.

2.To control communication (who can talk to who).

3.To connect securely to on-premises systems or the internet.

4.To scale — you can add more servers, apps, or databases inside.




Amazon VPC (Virtual Private Cloud)

It is a private, isolated network inside AWS where you can run your resources (EC2 servers,
databases, apps) securely.
- Think of it as building your own private data center inside the cloud.

Key Components of a VPC
CIDR Block (IP Address Range)
Defines the size of your network (e.g., 10.0.0.0/16).
Like deciding how many houses you can build in your estate.
Subnets
Smaller segments inside the VPC.
Public subnet — has internet access.
Private subnet — no direct internet access (used for databases, back-end apps).
Internet Gateway (IGW)
A door that lets resources in your VPC connect to the internet.
Route Tables
Define how traffic flows (e.g., if you want servers in a subnet to reach the internet).
NAT Gateway / NAT Instance
Lets private subnet resources access the internet outbound only (e.g., download updates) without
being directly exposed.
Security Groups & NACLs
Security Groups = firewalls at instance level (who can talk to this server).
NACLs (Network Access Control Lists) = firewalls at subnet level.



AWS VPC

It is a private, isolated network inside AWS where you can run your
resources (EC2 servers, databases, apps) securely.

¢ Think of it as building your own private data center inside the
cloud.

Core Components
Subnets: Segments of VPC IP address range

located in specific Availability Zones
Route Tables: Control traffic routing between

subnets and gateways
Internet Gateway: Enables communication with

the internet

NAT Gateway: Allows private subnets to access

iInternet
Security Groups: Virtual firewalls for EC2 instances

Network ACLs: Stateless firewall rules for subnets
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Region-scoped virtual network with public and private
subnets distributed across Availability Zones for high
availability. By default, all resources within the same VPC

can communicate with each other.



Visual: AWS VPC Architecture
Diagram

Key Components:

This architecture demonstrates a typical AWS VPC deployment spanning multiple Availability Zones for high availability. Public subnets connect

to the internet via an Internet Gateway, while private subnets access the internet through NAT Gateways. Route tables control traffic flow, and

security groups provide instance-level protection.



Azure VNet

Azure Virtual Network

An Azure Virtual Network (VNet) is a a foundational service
in Microsoft Azure that enables secure communication between
Azure resources, the internet, and on-premises networks.

Core Components

Subnets: Segments of the VNet address space

Network Security Groups (NSGs): Filter network traffic to
and from resources
Service Endpoints: Extend private network to Azure

services
Private Link: Private connectivity to PaaS services

VNet Peering: Connect VNets within or across

regions
Azure VNets are isolated network environments confined to a single region, ’ Gateway Subnet: SpeC|a| subnet for VPN/ExpreSSRoute

but they can be connected globally through peering and gateways. gateways
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Visual: Azure VNet Architecture
Diagram

Key Components:

This Azure VNet architecture shows a regional deployment with multiple subnets
for different workload types. Network Security Groups filter traffic at the subnet
level, while a VPN Gateway and ExpressRoute circuit provide hybrid connectivity
options. Application Gateway serves as a web traffic load balancer with WAF

capabilities.



Google Cloud VPC: The Global
Network

Unique Global Architecture Key Benefits

- Single VPC spans multiple regions « Seamless cross-region
worldwide communication

« Region-specific subnets within the « Lower latency using Google's )
global VPC global infrastructure " 0

« Traffic stays on Google's private « Simplified multi-region .
backbone network deployments .l :

- Simplified management with single - Centralized security policies U **

firewall policy « Reduced management overhead




Visual: GCP Global VPC
Architecture Diagram

Key Components:

This diagramillustrates GCP's unique global VPC architecture spanning multiple
regions worldwide. Regional subnets host resources while maintaining global
connectivity across Google's backbone network. Cloud Router enables dynamic
routing with on-premises networks, and firewall rules provide consistent security

across the entire VPC.
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Comparing VPC and VNet Architectures
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AWS VPC Azure VNet GCP VPC

« Region-bound architecture « Region-specific deployment « Global by default

« Multiple VPCs needed for global « Global VNet Peering for cross-region « Single VPC spans all regions
presence « Virtual WAN for global connectivity « Regional subnets with auto-routing

* VPCPeering or Transit Gateway for «  No AZ-specific subnet requirement - Unified security and routing policies
connectivity

« AZ-based subnet deployment

- AN AN /

These architectural differences impact design choices for global deployments, particularly regarding latency considerations, availability
requirements, and management complexity. Organizations with multi-region needs must carefully consider which approach best fits their global

strategy.




Steps to Deploy Virtual Networks

(General process across AWS, Azure, GCP — names differ but the logic is
the same):
1.Create the network

1.AWS — VPC (Virtual Private Cloud)

2.Azure — VNet (Virtual Network)

3.GCP — VPC
2.Define the IP address range (CIDR block, e.g., 10.0.0.0/16).

1.This is like defining how big your neighborhood is.
3.Create subnets (smaller divisions inside the network).

1.Example: one subnet for web servers, another for databases.
4.Configure routing

1.Decide how data flows inside the network and to the internet.
5.Set up security

1.Firewalls, Security Groups, Network ACLs (control who can enter).
6.Launch resources inside the network.

1.Example: deploy a web server VM in Subnet A, database in Subnet B.



Why Cloud Networking Matters in 2025
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Remote Work & Distributed loT Device Proliferation Al/ML Workloads

Teams Scalable networks for billions of connected High-performance networking for data-
Secure, reliable connectivity for global devices generating and consuming data intensive Al training and inference
workforces accessing cloud resources workloads

from anywhere

Proper cloud networking design enables organizations to achieve high availability through multi-region deployments, implement robust disaster

recovery strategies, and deliver low-latency experiences to users worldwide through global reach and private connections.



In today's distributed IT landscape, organizations rarely operate in a single cloud

environment. This chapter explores strategies for connecting on-premises data

centers with cloud providers and creating seamless multi-cloud architectures.




What is Hybrid Connectivity?

Hybrid connectivity creates a seamless network fabric between traditional on-premises
infrastructure and cloud environments, enabling organizations to leverage cloud services

while maintaining existing investments.

Key Benefits

. Workload Flexibility

Gradual Migration

Low Latency Access E—
: B Rt
L

Compliance Support
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Multi-Cloud Connectivity Patterns

The “blueprints” or network designs that explain how to link multiple

cloud providers and on-premises systems together securely and

efficiently.

VPN Tunnels — Connecting your company’s local servers to
Azure/AWS/GCP using an encrypted internet connection.

* Direct Connect (AWS) / ExpressRoute (Azure) / Interconnect
(GCP) — Dedicated high-speed, private connections between your
on-premises network and the cloud provider.

« Hybrid DNS & Identity — Using on-premises Active Directory with

cloud-hosted applications.



Dedicated Private Cloud Connectivity Services

v' AWS Direct Connect
Creates a dedicated fiber connection from your office/data center to an AWS location.
Example:
A hospital with massive medical images (X-rays, MRIs) uploads them daily to AWS for Al
analysis. Direct Connect ensures those uploads are fast, secure, and uninterrupted.

v’ Azure ExpressRoute
A Microsoft Azure service that Provides a private link between your local network and
Microsoft Azure data centers.

Example:
A bank uses Azure ExpressRoute to connect its on-premises data center to Azure, running

real-time fraud detection systems without worrying about internet slowdowns.

v' Google Cloud Interconnect
A service from Google Cloud Platform (GCP) thatConnects your on-premises network
directly to Google’s network.
Example:
A video streaming company processes petabytes of video data on Google Cloud. Instead of
uploading through the public internet, they use Dedicated Interconnect for smooth, fast transfers.



AWS Hybrid Connectivity Options

f AWS Direct Connect AWS Site-to-Site o ranet
|
~—~ VPN Gateway
_ , Regional network hub that connects

Dedicated, private network Encrypted IPsec tunnels over the

_ _ . , VPCs and on-premises networks.
connection from on-premises to public internet. Supports static and

_ , , _ _ _ Simplifies network architecture by
AWS. Available in port speeds of dynamic routing via BGP. Quick to
, _ _ eliminating complex peering
1Gbps, 10Gbps, and 100Gbps with deploy with lower cost but variable
_ _ relationships. Supports multicast and
99.99% SLA. |deal for consistent, low- performance based on internet
o centralized routing.

latency workloads and large data conditions.
transfers.

For optimal resilience, many organizations implement both Direct Connect and VPN, using Direct Connect as the primary path and VPN as a

backup. Transit Gateway simplifies complex architectures by providing a hub-and-spoke model.



Azure Hybrid Connectivity Options
&

Azure ExpressRoute

Private connection to Microsoft cloud services via a connectivity provider. Offers bandwidth options from
50Mbps to 100Gbps with built-in redundancy. Bypasses the public internet for enhanced security and
reliability.

Azure VPN Gateway

Encrypted IPsec/IKE connections over the internet. Supports site-to-site, point-to-site, and VNet-to-VNet

configurations. Available in different SKUs based on performance needs.

Azure Virtual WAN

Managed networking service for simplified branch connectivity. Integrates VPN, ExpressRoute, and user

VPN in a unified framework. Provides automated spoke-to-spoke connectivity with global transit network.

ExpressRoute Direct provides dedicated 10/100 Gbps connections directly to Microsoft's network, while
ExpressRoute Local offers a cost-effective option for data egress in the local region. Virtual WAN simplifies

complex branch networking scenarios.
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GCP Hybrid Connectivity Options

Dedicated
Interconnect

Direct physical connection to
Google's network through colocation
facilities. Available in 10Gbps or
100Gbps circuits with 99.99%
availability SLA. Requires edge

devices at colocation facility.

h %@L Partner Interconnect

Connectivity to Google's network

through supported service providers.

Available in capacities from 50Mbps
to 50GDbps. Ideal when you can't
reach a colocation facility or need

lower bandwidth.

& Cloud VPN

IPsec VPN connection over the public
internet. Available as Classic VPN or
HA VPN with 99.99% SLA. Supports
static routes or dynamic routing with

Cloud Router and BGP.

Cloud Router uses BGP to exchange routes between your on-premises network and GCP VPC networks, enabling dynamic discovery of new

subnets. Network Connectivity Center provides a single management console for all hybrid connectivity options.
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Visual: Hybrid Connectivity
Architecture Diagram

This comprehensive architecture demonstrates how an enterprise can establish
redundant, high-performance connectivity to multiple cloud providers. Direct

connections (AWS Direct Connect, Azure ExpressRoute, and Google Cloud

Interconnect) provide primary paths with high bandwidth and low latency, while

VPN connections offer backup routes. Dynamic routing protocols ensure automatic _J I

failover and route optimization across the hybrid environment. ' ‘
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Security Considerations in Hybrid
Networks

4 f
Data Transit Security Network Segmentation
- Encryptall traffic between on- « Extendon-premises security zones
premises and cloud environments to cloud environments
« UseIPsec for VPN connections with « Implement consistent
strong ciphers microsegmentation across hybrid
- Consider MACsec for layer 2 infrastructure
encryption on dedicated links « Usetransit networks with inspection
« Implement TLS for application-level points
protection « Separate productionand non-
. . production environments
-

Visibility & Monitoring

Centralize logging of network flows across environments

Deploy traffic mirroring for security analysis

Implement cloud-to-ground SIEM integration

Use network detection and response (NDR) tools




Managing Network Complexity

Centralized Network Control

AWS Transit Gateway: Network hub

connecting VPCs and on-premises networks

Azure Virtual WAN: Managed service for

branch-to-branch connectivity
GCP Network Connectivity Center: Unified

connectivity management
« Third-party SD-WAN solutions for cross-

cloud orchestration

Infrastructure as Code

« Use Terraform for cross-cloud network
provisioning

« Implement AWS CloudFormation, Azure
ARM templates, or GCP Deployment

Manager
« Version control network configurations

with Git
« Automate compliance and security

validation

Monitoring & Automation

« Implement unified monitoring across

cloud environments

« Use Al/ML for predictive network analytics

« Create automated remediation for

common network issues
« Develop custom dashboards for cross-

cloud visibility
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Emerging Trends in Cloud Networking

&

-

Al-Powered Network
Optimization

Machine learning algorithms automatically
optimize routing, predict failures, and
enhance security posture. GCP's Network
Intelligence Center uses Al to identify
misconfigurations and suggest

improvements.

~

-

Zero Trust Network Access

Moving beyond traditional perimeter-based
security to identity-based access control
regardless of network location. Cloud
providers now offer integrated ZTNA

capabilities for secure access to resources.

~

Multi-Cloud Networking
Platforms

Dedicated solutions that abstract away
provider-specific networking complexity,
providing a unified control plane for
managing connectivity across AWS, Azure,

GCP, and on-premises environments.




Summary: Choosing the Right Cloud
Networking Approach

—— ———

Assess Workload Requirements Evaluate Total Cost

Latency sensitivity: Real-time applications Capital expenses: Hardware, colocation, and
need dedicated connections initial setup costs

Security & compliance: Regulated industries Operational expenses: Ongoing management
may require private connectivity and support

Bandwidth needs: Data-intensive workloads Data transfer costs: Ingress/egress charges
benefit from high-capacity links across providers

Geographic distribution: Global presence Skill development: Training and certification
influences regional connectivity choices requirements

_—

Plan for Future Growth

Scalability: Capacity to handle increasing workloads
Flexibility: Ability to adopt new cloud services
Technology evolution: Readiness for emerging networking capabilities

Business expansion: Support for new regions and acquisitions




Glossary of Networking Terms

Foundational Concepts

VPC: Virtual Private Cloud, an isolated

network environment in the cloud

VNet: Virtual Network, Azure's equivalent to

aVPC
Subnet: A segment of IP address space

within a VPC/VNet
CIDR: Classless Inter-Domain Routing, a

method for IP address allocation

Gateway: Network component that serves

as an entry/exit point

Connectivity Options

Peering: Direct connection between two

VPCs/VNets
VPN: Virtual Private Network, encrypted

connection over public internet
Interconnect: Dedicated physical

connection to cloud provider
Transit: Hub-and-spoke network

architecture for centralized connectivity
BGP: Border Gateway Protocol, used for

dynamic routing

Security Components

Security Group: Stateful firewall for cloud

resources
ACL: Access Control List, stateless packet

filtering
NAT: Network Address Translation, enables

private |P addresses to access internet

IAM: |dentity and Access Management for

network resource control
Private Link: Private connectivity to cloud

services



Integrating Cloud Networks with Kubernetes

Container Network Interfaces (CNI)
CNI plugins connect Kubernetes pods to underlying cloud networks:

AWS VPC CNI: Assigns VPC IP addresses directly to pods
Azure CNI: Integrates pods with Azure VNet IP address space
Google Kubernetes Engine VPC-native: Uses alias IP ranges for pods

Calico: Cross-platform CNI with advanced network policy support
Service Mesh Networking
Service meshes provide advanced networking capabilities for microservices:

Istio: Comprehensive service mesh with traffic management, security, and observability
Linkerd: Lightweight service mesh focused on simplicity and performance
AWS App Mesh: Service mesh optimized for AWS environments

Azure Service Mesh Interface: Unified API for service mesh technologies

Multi-Cloud Kubernetes Networking

Cilium: eBPF-based networking with multi-cluster and multi-cloud support
Submariner: Direct connectivity between Kubernetes clusters across clouds

Skupper: Application interconnect for Kubernetes focusing on service communication
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