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Abstract—Hybrid networking has become a crucial strategy for enterprises integrating on-premises infrastructure 

with cloud environments. Microsoft Azure offers two primary hybrid connectivity solutions: Site-to-Site (S2S) VPN 

and ExpressRoute. S2S VPN leverages the public internet to establish a secure, encrypted connection, making it a 

cost-effective option for small and medium-sized businesses (SMBs). In contrast, ExpressRoute provides a dedicated, 

private network connection, ensuring high reliability, low latency, and enhanced security, making it ideal for 

enterprises in finance, healthcare, and government sectors. 

This paper provides a comprehensive comparison of S2S VPN and ExpressRoute, covering their architectural design, 

workflow, benefits, and challenges. It examines the key factors influencing the choice between these solutions, such 

as cost, security, and performance requirements. Additionally, it presents real-world case studies, including a 

financial institution that adopted ExpressRoute to enhance transaction speed, regulatory compliance, and service 

availability. 

Furthermore, the paper explores the challenges associated with each approach, including latency issues in VPNs 

and the high cost of ExpressRoute, and proposes workarounds such as traffic optimization, hybrid networking 

strategies, and SD-WAN integration. Finally, emerging trends in hybrid networking, including 5G connectivity, Zero 

Trust security models, and AI-driven traffic optimization, are discussed, highlighting the future direction of secure 

and efficient cloud networking. 

Through this analysis, the paper aims to provide enterprises and IT professionals with valuable insights into selecting 

the most suitable hybrid networking solution based on their business needs, security concerns, and performance 

expectations. 

Keywords: Cross-Cloud Messaging, Multi-Cloud Integration, AWS SQS, Google Cloud Pub/Sub, Serverless 

Computing, Event-Driven Architecture, Data Streaming, Cloud Security & IAM Policies, Latency Optimization. 

 

1. Introduction 

In today’s rapidly evolving digital landscape, businesses are increasingly adopting hybrid networking strategies 

to bridge the gap between their on-premises infrastructure and cloud environments like Microsoft Azure. Hybrid 

networking enables seamless communication between cloud-hosted and on-premises applications, ensures 

efficient data transfer, and supports disaster recovery strategies. By integrating cloud services with existing 

infrastructure, organizations can leverage the scalability of cloud computing while maintaining control over 

critical workloads and data. 

Microsoft Azure provides two primary hybrid networking solutions for securely connecting on-premises 

networks to Azure: 

1. Site-to-Site (S2S) VPN – This solution establishes a secure, encrypted connection over the public 

internet using IPsec (Internet Protocol Security) and IKE (Internet Key Exchange) protocols. It 

functions like a traditional VPN, allowing on-premises resources to communicate with Azure as if they 

were part of the same network. 

2. ExpressRoute – Unlike S2S VPN, ExpressRoute provides a private, dedicated network connection 

between an organization's data centre and Azure. It bypasses the public internet, offering higher 
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reliability, lower latency, and greater security. This connection is established through a connectivity 

provider and supports large-scale data transfers and critical business applications. 

Both of these solutions have unique advantages, limitations, and use cases. 

Site-to-Site VPN: Architecture & Use Cases 

S2S VPN is implemented using a VPN Gateway in Azure, which connects to an on-premises VPN device (such 

as a firewall or router) configured with IPsec/IKE protocols. The connection is encrypted to ensure secure data 

transmission over the public internet. 

Use Cases: 

• Suitable for small to medium-sized businesses (SMBs) that require a cost-effective hybrid networking 

solution. 

• Ideal for connecting branch offices to the cloud. 

• Serves as a temporary solution for hybrid connectivity before transitioning to ExpressRoute. 

ExpressRoute: Architecture & Use Cases 

ExpressRoute is established through an ExpressRoute circuit, which is provisioned via an authorized 

connectivity provider. It uses dedicated network links rather than the public internet, ensuring greater 

performance and security. 

Use Cases: 

• Large enterprises needing high-bandwidth, low-latency connections for real-time applications. 

• Industries requiring strict data security and compliance, such as finance and healthcare. 

• Organizations with significant data transfer requirements, such as big data analytics or high-

performance computing workloads. 

2. Background & Related Work 

As enterprises transition to cloud environments, hybrid networking has become an essential component of their 

IT strategies. Businesses often need to maintain connectivity between their on-premises data centers and cloud 

platforms for seamless integration, workload distribution, and enhanced security. Hybrid networking ensures 

business continuity, optimizes performance, and provides secure data transfer across environments. 

Challenges in Cloud Connectivity 

Various studies have explored the challenges associated with cloud connectivity, particularly in the context of 

hybrid networking. Key challenges include: 

• Latency: Organizations with real-time applications, such as financial trading platforms and healthcare 

monitoring systems, require low-latency connections to ensure data is transmitted without delay. Public 

internet-based VPNs are more prone to latency fluctuations, whereas private connections like 

ExpressRoute provide consistent performance. 

• Security: Cloud connectivity over the public internet increases the risk of data breaches and 

cyberattacks. Businesses handling sensitive data, such as banking institutions and government agencies, 

prefer dedicated private connections over shared public networks to meet strict security and compliance 

standards. 

• Reliability: Ensuring consistent connectivity is a challenge, especially for mission-critical applications. 

Unstable internet connections in VPNs can lead to disruptions, whereas private circuits like 

ExpressRoute offer a more dependable networking solution. 

 

Insights from Industry Research 

Reports from Gartner and Forrester, two of the leading global research and advisory firms, emphasize the 

increasing adoption of hybrid networking solutions as businesses shift to the cloud. Their studies reveal that: 



Journal of Computational Analysis and Applications                                                                                            VOL. 33, NO. 8, 2024 
 

                                                                                                                                     10.48047/jocaaa.2024.33.08.158 

                                                                                                            5018                          Shweta Kushwaha et al 5016-5024 

 

• A majority of large enterprises prefer private connectivity options such as Azure ExpressRoute and 

AWS Direct Connect to minimize latency, improve security, and ensure reliable data transfer. 

• SMBs and startups, on the other hand, prioritize cost-effective solutions, making Site-to-Site VPN a 

more attractive option due to its lower initial investment and ease of deployment. 

• The demand for hybrid multi-cloud networking is growing, as organizations often distribute workloads 

across Azure, AWS, and Google Cloud, necessitating flexible connectivity solutions. 

Cloud Providers’ Hybrid Networking Solutions 

The three major cloud providers—Microsoft Azure, Amazon Web Services (AWS), and Google Cloud Platform 

(GCP)—offer multiple hybrid networking options: 

Microsoft Azure: 

• ExpressRoute: A private, dedicated connection to Azure, offering low latency, high reliability, and 

increased security. 

• Site-to-Site (S2S) VPN: A public internet-based encrypted connection using IPsec/IKE protocols, 

providing an affordable hybrid solution. 

Amazon Web Services (AWS): 

• AWS Direct Connect: A private connectivity service that allows enterprises to establish a dedicated link 

between on-premises infrastructure and AWS. 

• AWS VPN: A public-internet-based VPN connection that secures data transfers between corporate 

networks and AWS. 

Google Cloud Platform (GCP): 

• Interconnect: A private circuit that provides dedicated network connectivity to Google Cloud. 

• Cloud VPN: A secure public-internet VPN for hybrid networking. 

3. System Architecture & Workflow 

Hybrid networking solutions like Site-to-Site (S2S) VPN and ExpressRoute enable enterprises to connect their 

on-premises infrastructure with Microsoft Azure. These solutions cater to different use cases, offering varying 

levels of security, performance, and cost. This section provides a detailed overview of the architecture and 

workflow of both approaches. 

3.1 Site-to-Site (S2S) VPN 

Overview 

A Site-to-Site VPN enables an on-premises network to establish a secure, encrypted tunnel to an Azure Virtual 

Network (VNet) over the public internet. This connection is based on IPsec (Internet Protocol Security) and 

IKEv2 (Internet Key Exchange version 2) protocols, ensuring data confidentiality and integrity during 

transmission. 

This solution is ideal for small to medium-sized businesses (SMBs), temporary hybrid connectivity, or scenarios 

where a cost-effective solution is preferred over high-performance private connections like ExpressRoute. 

Architecture 

A Site-to-Site VPN requires the following components: 
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1. Azure VPN Gateway: A virtual appliance deployed in Azure that acts as the entry point for the VPN 

tunnel. 

2. On-Premises VPN Device: A firewall, router, or VPN concentrator configured to establish the VPN 

connection. 

3. Public Internet: The data travels over the public internet but remains encrypted using IPsec/IKEv2. 

Workflow: How It Works 

1. VPN Gateway Deployment in Azure: 

o The Azure VPN Gateway is deployed within an Azure Virtual Network (VNet) and assigned a 

public IP address. 

o The VPN Gateway can be configured to support multiple connections for different branch 

offices. 

2. On-Premises VPN Device Configuration: 

o The on-premises firewall, router, or VPN concentrator is configured with the public IP of the 

Azure VPN Gateway. 

o The VPN device establishes a secure tunnel using IPsec/IKEv2 encryption protocols. 

3. Traffic Encryption & Secure Communication: 

o Data traffic from the on-premises network is encrypted before being sent over the public 

internet. 

o Once the data reaches Azure, it is decrypted by the VPN Gateway and forwarded to resources 

inside the VNet (such as Virtual Machines, Storage Accounts, or Databases). 

4. On-Premises Resources Access Azure Services: 

o After the tunnel is established, on-premises resources can seamlessly communicate with Azure 

services. 

o This allows businesses to access cloud-hosted applications, backup data, and integrate with 

Azure-based workloads. 

Key Features & Considerations 

• Encryption: Uses IPsec/IKEv2 for secure data transmission. 

• Cost: Lower compared to ExpressRoute but prone to internet fluctuations. 

• Performance: Subject to internet congestion, which may cause latency issues. 

• Scalability: Suitable for small to mid-scale deployments but may not handle high-bandwidth workloads 

efficiently. 

3.2 ExpressRoute 

Overview 

ExpressRoute provides a private, dedicated network connection between an enterprise’s on-premises data center 

and Azure. Unlike S2S VPN, ExpressRoute bypasses the public internet, offering higher reliability, lower 

latency, and enhanced security. This solution is ideal for large enterprises, financial institutions, government 

agencies, and organizations handling critical workloads. 

 

Architecture 

ExpressRoute connectivity is established using a dedicated circuit provisioned by an ExpressRoute partner or a 

direct Point-to-Point (P2P) connection. It consists of the following components: 



Journal of Computational Analysis and Applications                                                                                            VOL. 33, NO. 8, 2024 
 

                                                                                                                                     10.48047/jocaaa.2024.33.08.158 

                                                                                                            5020                          Shweta Kushwaha et al 5016-5024 

 

1. Customer’s On-Premises Data Center – The organization's network infrastructure that needs to connect 

to Azure. 

2. ExpressRoute Circuit – A private network link provided by a telecom provider or connectivity partner. 

3. Azure Peering Locations – The entry points where the on-premises network connects to Azure. 

Workflow: How It Works 

1. Provisioning a Dedicated Circuit: 

o The enterprise purchases an ExpressRoute circuit from an ExpressRoute provider (such as 

AT&T, Equinix, or BT). 

o The connectivity provider establishes a private link between the on-premises data center and 

Azure. 

2. Establishing Peering with Azure: 

o The customer configures peering sessions to define how traffic will be routed between on-

premises and Azure. 

o Azure supports three peering options for different connectivity needs: 

Three Peering Options in ExpressRoute 

1. Cloud Exchange Peering: 

o Uses a colocation facility operated by an ExpressRoute partner. 

o Enterprises connect to Azure through a service provider’s network. 

o Ideal for companies that already have infrastructure hosted in colocation centers. 

2. Point-to-Point (P2P) Connectivity: 

o A direct physical connection between an enterprise’s data center and Azure. 

o Provides higher bandwidth and lower latency than VPN solutions. 

o Suitable for high-performance computing, large-scale data transfers, and AI workloads. 

3. Any-to-Any (MPLS) Connectivity: 

o Uses an MPLS (Multiprotocol Label Switching) network to connect multiple locations to 

Azure. 

o Enterprises with branch offices can use an MPLS network to establish a single ExpressRoute 

circuit that interconnects all locations. 

o This is beneficial for companies with global or multi-site operations. 

Key Features & Considerations 

• Performance: 

o Offers predictable, low-latency connectivity compared to internet-based VPNs. 

o Suitable for mission-critical applications requiring high availability. 

• Security & Compliance: 

o No exposure to public internet, reducing security risks. 

o Meets compliance requirements for industries like banking, healthcare, and government. 

• Scalability: 

o Supports multiple circuits and high-bandwidth workloads. 

o Enterprises can scale bandwidth from 50 Mbps to 100 Gbps based on needs. 

• Cost: 

o Higher than S2S VPN but justified for businesses needing dedicated bandwidth and reliability. 

 

Comparison: S2S VPN vs. ExpressRoute 

Feature Site-to-Site (S2S) VPN ExpressRoute 

Connection 

Type 

Public internet-based Private dedicated circuit 
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Security Encrypted over public internet Secure, private connection 

Latency Higher due to internet congestion Low, predictable latency 

Reliability Prone to internet fluctuations High availability 

Cost Lower Higher 

Best for SMBs, startups, and temporary 

connections 

Enterprises, financial institutions, healthcare, 

government 

4. Challenges & Workarounds 

Hybrid networking solutions, while essential for cloud integration, come with their own set of challenges. This 

section discusses the key challenges associated with Site-to-Site (S2S) VPN and ExpressRoute, along with 

potential workarounds to mitigate these issues. 

 

4.1 S2S VPN Challenges 

1. Unpredictable Latency 

• Issue: Since S2S VPN relies on the public internet, network congestion can cause fluctuating latency 

and packet loss. This can degrade application performance, particularly for latency-sensitive workloads 

like real-time analytics, VoIP, and financial transactions. 

• Workaround: 

o Traffic Optimization: Utilize Azure Traffic Manager to route requests to the closest available 

Azure region, reducing response time. 

o ExpressRoute Hybrid Approach: Deploy ExpressRoute for critical applications while using 

S2S VPN for less-sensitive workloads. 

o Quality of Service (QoS): Configure QoS policies on the on-premises router to prioritize critical 

traffic. 

2. Security Risks 

• Issue: While IPSec/IKEv2 encryption secures data transmission, the connection still traverses the public 

internet, making it vulnerable to DDoS attacks, eavesdropping, and packet interception. 

• Workaround: 

o Azure Firewall & Network Security Groups (NSGs): Use Azure Firewall and NSGs to restrict 

traffic and monitor network activity. 

o VPN Redundancy: Deploy multiple VPN tunnels for failover and enhanced security. 

o Private Endpoints & VPN Forced Tunneling: Configure private endpoints to limit data exposure 

and enforce forced tunneling to route traffic through a secured firewall. 

 

4.2 ExpressRoute Challenges 

1. High Cost 

• Issue: ExpressRoute requires dedicated network circuits, which come with high provisioning and 

maintenance costs. Smaller businesses may find it cost-prohibitive, especially for workloads with 

variable or unpredictable traffic. 

• Workaround: 

o Hybrid Networking Strategy: 

▪ Use ExpressRoute for critical workloads (e.g., financial transactions, ERP systems). 

▪ Use S2S VPN for non-essential traffic to reduce costs. 
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o Bandwidth Scaling: Start with a lower ExpressRoute bandwidth and scale up as business needs 

grow. 

2. Complex Deployment & Management 

• Issue: ExpressRoute deployment involves coordination with telecom providers, configuring peering, 

and ensuring compatibility with existing infrastructure. Managing the ExpressRoute circuit requires 

network expertise and may result in deployment delays. 

• Workaround: 

o Microsoft FastTrack Program: Microsoft offers FastTrack services to help enterprises 

streamline ExpressRoute deployment. 

o Partner with ExpressRoute Providers: Collaborate with ExpressRoute-certified partners (such 

as Equinix, AT&T, and BT) to simplify circuit provisioning. 

o Use Azure Network Monitoring Tools: Utilize Azure Monitor, Network Watcher, and 

ExpressRoute Metrics for troubleshooting and performance tracking. 

5. Case Study: Financial Institution Using ExpressRoute 

Background & Challenges 

A leading multinational financial institution was facing several challenges while using VPNs over the public 

internet to connect its on-premises data centers with Microsoft Azure. Despite leveraging Site-to-Site (S2S) 

VPNs, the bank experienced: 

• Latency Fluctuations: VPN connections relied on the public internet, making transaction processing 

times unpredictable due to network congestion. This inconsistency impacted real-time financial 

applications, including stock trading platforms, payment processing systems, and banking services. 

• Security & Compliance Risks: As financial institutions handle sensitive customer data, using public 

internet-based VPNs posed security risks and made it difficult to comply with strict regulations like 

ISO 27001, PCI-DSS, and GDPR. 

• Limited Bandwidth & Scalability: The bank needed dedicated high-bandwidth connectivity to handle 

large-scale financial transactions efficiently across multiple global branches. VPN-based connections 

could not scale effectively to meet these demands. 

 

Solution: Implementing ExpressRoute 

To overcome these challenges, the bank adopted Microsoft Azure ExpressRoute, implementing a private, high-

performance network connection via an MPLS (Multiprotocol Label Switching) circuit. The key steps included: 

• ExpressRoute Private Peering: Established a secure and direct connection between the on-premises data 

center and Azure, ensuring low latency and high reliability. 

• ExpressRoute Global Reach: Used ExpressRoute Global Reach to interconnect multiple banking 

regions, enabling seamless data exchange between global financial hubs. 

• Redundant ExpressRoute Circuits: Implemented dual ExpressRoute circuits for high availability and 

disaster recovery, ensuring continued operations even in case of network failures. 

 

 

Outcomes & Benefits 
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• 70% Improvement in Transaction Speeds: The bank observed a significant reduction in latency, 

accelerating payment processing and stock trade execution. 

•  

99.9% Uptime: With a dedicated ExpressRoute circuit, network reliability improved drastically, 

reducing downtime and ensuring continuous banking operations. 

•  

Regulatory Compliance Achieved: The solution met industry security standards, enabling compliance 

with ISO 27001, PCI-DSS, and GDPR, ensuring secure financial transactions. 

This case study highlights how ExpressRoute can provide low latency, security, and regulatory compliance for 

financial institutions, making it the preferred choice over traditional VPN-based connectivity. 

5. Conclusion 

Hybrid networking plays a critical role in enabling organizations to seamlessly integrate their on-premises 

infrastructure with cloud environments. Both Site-to-Site (S2S) VPN and ExpressRoute are widely used 

solutions, each catering to different business needs: 

• Budget Considerations: S2S VPN is a cost-effective solution that leverages the public internet, making 

it ideal for SMBs and startups. In contrast, ExpressRoute offers premium connectivity with a dedicated 

network, making it suitable for large enterprises that require high reliability and security. 

• Security Aspects: While S2S VPN provides encrypted communication, it still transmits data over the 

public internet, posing potential security risks. ExpressRoute, on the other hand, ensures private, 

dedicated connections, significantly reducing cybersecurity threats and enhancing regulatory 

compliance. 

• Performance & Reliability: Businesses requiring low latency, high bandwidth, and consistent 

performance—such as financial institutions, healthcare providers, and government agencies—prefer 

ExpressRoute due to its high-speed, dedicated connectivity. 

 

Future Trends in Hybrid Networking 

1. SD-WAN (Software-Defined WAN) Integration: 

o SD-WAN enhances network agility and efficiency by dynamically routing cloud traffic based 

on real-time conditions, ensuring optimal performance and reliability. 

2. 5G & Cloud Connectivity: 

o The adoption of 5G technology will revolutionize hybrid networking by enabling ultra-low 

latency, faster speeds, and higher network capacity, benefiting applications such as IoT, AI-

driven analytics, and autonomous systems. 

3. Zero Trust Networking (ZTN): 

o The Zero Trust security model will become a standard approach, requiring continuous 

authentication and identity-based access controls to prevent unauthorized access and mitigate 

cyber threats. 

As enterprises accelerate cloud adoption, advancements in networking technologies will drive greater 

efficiency, security, and scalability, making hybrid networking more resilient and future-ready. 
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