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INTRODUCTION. 

OpenFlow is a widely adopted Software-Defined Networking (SDN) protocol that 

enables centralized control of network devices through a controller. While OpenFlow 

is often associated with software-based switching, its integration into dedicated 

hardware switches significantly enhances network performance, scalability, and 

efficiency. This report explores hardware OpenFlow switches, their functionalities, 

and the role of OpenFlow in hardware-based switching. 

 

 Overview of Hardware OpenFlow Switches 

Hardware OpenFlow switches are network devices specifically designed to support 

OpenFlow natively within specialized hardware components. These switches utilize 

high-speed switching fabrics, application-specific integrated circuits (ASICs), and 

field-programmable gate arrays (FPGAs) to deliver superior performance compared to 

software-based alternatives. By leveraging these hardware components, OpenFlow 

switches achieve high throughput, low latency, and efficient packet processing. 

Examples of Hardware OpenFlow Switches: 

• Arista 7050 Series: High-performance OpenFlow-enabled switches with deep 

buffering and extensive SDN capabilities. 

• Pica8 P-3297: A hybrid OpenFlow switch that supports both legacy and SDN-

based networking. 

• NoviFlow NoviSwitch: Purpose-built for OpenFlow, featuring advanced 

match-action processing. 

• HP 5400R Series: Modular OpenFlow switches optimized for enterprise 

networks. 

• Barefoot Tofino: A programmable switch based on P4, capable of supporting 

OpenFlow. 

 

 

 

 

 

 

 



 ROLE OF OPENFLOW IN HARDWARE-BASED SWITCHING. 

OpenFlow plays a pivotal role in hardware-based switching by enabling centralized 

control, dynamic network configuration, and enhanced traffic management. Below are 

the key aspects of OpenFlow’s role in hardware switching: 

 

✓ Centralized Network Control 

Traditional networking relies on distributed control planes within individual switches. 

OpenFlow decouples the control plane from the data plane, allowing a centralized 

SDN controller to manage forwarding rules dynamically. This simplifies network 

configuration, enhances flexibility, and reduces operational overhead. 

 

✓ Improved Performance and Scalability 

Hardware OpenFlow switches leverage ASICs and FPGAs to process packets at line 

rate, significantly improving performance compared to software-based solutions. 

These dedicated components handle millions of flow entries efficiently, ensuring low 

latency and high throughput in large-scale deployments. 

 

✓ Dynamic Traffic Management 

OpenFlow enables real-time traffic engineering by allowing controllers to modify 

forwarding rules based on network conditions. This capability is particularly 

beneficial for load balancing, congestion control, and quality of service (QoS) 

optimization. 

 

✓ Network Security and Policy Enforcement 

By leveraging OpenFlow, hardware switches can enforce security policies 

dynamically. Administrators can implement access control lists (ACLs), detect 

anomalies, and mitigate threats by rerouting or blocking malicious traffic in real time. 

 

✓ Multi-Tenancy and Virtualization 

In data center environments, OpenFlow facilitates network virtualization by enabling 

the creation of virtual network slices. This allows multiple tenants to share the same 

physical infrastructure while maintaining isolated network policies and traffic flows 



KEY HARDWARE OPENFLOW SWITCH MANUFACTURERS, 

INCLUDING ARISTA, PICA8, NOVIFLOW, HP, DELL, AND BAREFOOT 

(INTEL TOFINO). 

Deep Dive into Hardware OpenFlow Switches and Their Key Manufacturers, 

Hardware OpenFlow switches integrate OpenFlow support into high-performance 

network hardware, allowing for efficient traffic forwarding and software-defined 

networking (SDN) capabilities. Below, we explore some of the top OpenFlow switch 

manufacturers, their key products, and why their solutions are emphasized in modern 

networking. 

 

 Arista Networks (Arista 7050 Series). 

Arista Networks is known for its high-performance, low-latency network switches. 

The Arista 7050 series is one of its most notable OpenFlow-supported switches, 

providing robust support for SDN architectures. 

Why Arista? 

• High-Performance Switching: Low-latency and high-throughput networking, 

making it ideal for data centers and high-frequency trading (HFT) 

environments. 

• EOS (Extensible Operating System): A fully programmable Linux-based OS 

that allows deep OpenFlow customization. 

• Scalability: Supports large-scale networks with high port density and 

100Gbps+ connectivity. 

• Open Standards Support: Works well with OpenFlow, EVPN, and VXLAN, 

making it flexible for different SDN architectures. 

Use Cases: 

✓ Large-scale cloud data centers 

✓ High-frequency trading (HFT) networks 

✓ Software-defined networking (SDN) deployments 

 

 

 Pica8 (Pica8 P-3297, Pica8 P-3290). 

Pica8 focuses on open networking solutions, allowing users to leverage white-box 

switches with OpenFlow and other SDN technologies. 



Why Pica8? 

• Open Network OS (PicOS): Pica8’s PicOS supports OpenFlow, OVSDB 

(Open vSwitch Database), and traditional networking in one system. 

• Hardware and Software Flexibility: Can run on both white-box hardware and 

Pica8’s proprietary switches. 

• Cost-Effective SDN Solution: Ideal for enterprises that need SDN without 

vendor lock-in. 

Use Cases: 

✓ Enterprises deploying SDN on a budget 

✓ Universities and research institutions testing OpenFlow 

✓ Network automation and cloud-scale networking 

 

 

 NoviFlow (NoviSwitch 2122, NoviSwitch 1132). 

NoviFlow specializes in high-performance OpenFlow switches with powerful match-

action processing capabilities, making them ideal for advanced SDN and 

cybersecurity applications. 

Why NoviFlow? 

• Extreme OpenFlow Scalability: Supports millions of flow rules, making it one 

of the most powerful OpenFlow switches for security, 5G, and telecom 

applications. 

• Programmable Pipelines: Uses P4 programming language, allowing advanced 

traffic engineering and packet processing. 

• Optimized for Cybersecurity & NFV (Network Function Virtualization): Ideal 

for DDoS mitigation, service chaining, and network monitoring. 

Use Cases: 

✓ Security service providers for traffic filtering 

✓ Telecom networks (5G Core and edge computing) 

✓ DDoS mitigation and threat detection 

 

 

 

 



HP Enterprise (HPE) – HP 5400R zl2. 

Hewlett Packard Enterprise (HPE) provides OpenFlow-capable switches, with the HP 

5400R zl2 being a modular campus network switch that supports SDN. 

 

Why HP 5400R? 

• Enterprise-Grade OpenFlow Support: Full support for OpenFlow 1.3, allowing 

integration with SDN controllers like OpenDaylight and ONOS. 

• Modular Design: Hot-swappable modules, making it highly flexible for 

enterprise and campus networking. 

• Network Security Integration: Built-in intrusion prevention and traffic 

segmentation capabilities. 

 

Use Cases: 

✓ Enterprise campus networks implementing SDN 

✓ Educational institutions adopting OpenFlow-based research networks 

✓ Cloud networking with SDN integration 

 

 

 Dell Technologies (Dell N-Series, Dell Z-Series). 

Dell offers Open Networking switches that integrate OpenFlow support in both data 

center and enterprise deployments. 

Why Dell? 

• Support for Open Networking: Compatible with Cumulus Linux, PicOS, and 

Open Network Install Environment (ONIE). 

• Hybrid Switching Mode: Can run OpenFlow alongside traditional switching, 

making SDN adoption easier. 

• Scalable Performance: Offers 1G to 400G ports, making it adaptable for 

different network sizes. 

Use Cases: 

✓ Enterprise IT departments adopting SDN 

✓ Cloud service providers for scalable networking 

✓ Retail networks requiring flexible connectivity 

 



Barefoot Networks (Intel Tofino). 

Barefoot Networks (acquired by Intel) produces the Tofino series, which is one of the 

most advanced programmable networking platforms. 

Why Intel Tofino? 

• Fully Programmable Pipeline: Uses P4 language to customize packet 

processing at the hardware level. 

• Ultra-Fast OpenFlow Support: Designed for low-latency and high-bandwidth 

networks, making it perfect for 5G and AI-driven networking. 

• High-Speed Data Center Networking: Provides full control over packet 

forwarding, enabling deep network optimization. 

Use Cases: 

✓ Cloud-scale data centers implementing AI-driven networking 

✓ Telecom carriers for 5G infrastructure 

✓ High-performance computing (HPC) and research networks 

 

Conclusion: Why Choose These Products? 

✓ Each manufacturer focuses on different aspects of OpenFlow networking: 

✓ Arista for high-performance data centers and SDN. 

✓ Pica8 for cost-effective, flexible OpenFlow networking. 

✓ NoviFlow for advanced cybersecurity and telecom use cases. 

✓ HP Enterprise for modular and secure enterprise networking. 

✓ Dell for hybrid OpenFlow and traditional networking. 

✓ Intel Tofino for fully programmable, high-speed networks. 

 

 

 

 

 

 

 

 

 

 



A COMPARISON OF ASIC-BASED OPENFLOW SWITCHES VERSUS 

SOFTWARE SWITCHES IN TERMS OF PERFORMANCE, SCALABILITY, 

AND ENERGY EFFICIENCY. 

❖ PERFORMANCE 

Performance in OpenFlow switches is primarily measured by throughput, latency, and 

packet processing capability. 

ASIC-based OpenFlow Switches 

• High Throughput & Low Latency: 

• ASIC (Application-Specific Integrated Circuit) chips are custom-built for 

high-speed packet forwarding. 

• They can process millions of packets per second (Mpps) with sub-

microsecond latency. 

• Purpose-built hardware eliminates the overhead of general-purpose CPU 

operations. 

• Optimized Pipeline Processing: 

• ASIC-based switches use dedicated hardware pipelines to process packets 

efficiently. 

• Unlike software switches, they don’t rely on sequential CPU cycles, avoiding 

processing bottlenecks. 

• Less Flexible: 

• ASICs have fixed architectures, meaning limited programmability. 

• Once designed, updates to the switching logic require new silicon, making 

rapid adaptation to new protocols difficult. 

 

Software Switches 

• Highly Flexible & Programmable: 

• Software switches (e.g., Open vSwitch) run on general-purpose CPUs, 

allowing easy updates and customization. 

• New network functions can be implemented quickly via software updates. 

• Lower Performance: 

• Packet processing is performed in software, leading to higher CPU utilization 

and increased latency. 

• Throughput is constrained by the CPU’s processing power, often struggling 

under high network loads. 

• A software switch running on a commodity server can handle up to a few 

Mpps, but high-performance ASIC switches can handle tens or hundreds of 

Mpps. 

• Verdict: ASIC switches dominate performance. 

• If raw packet processing speed and low latency are the priority, ASIC-based 

switches are superior. 

 



SCALABILITY 

Scalability determines how well a switch handles an increasing number of network 

flows, devices, and traffic loads. 

ASIC-based OpenFlow Switches 

• Hardware-Optimized Flow Tables: 

• ASIC switches have dedicated TCAM (Ternary Content Addressable Memory) 

for flow matching, allowing fast lookups. 

• Can support hundreds of thousands to millions of flow entries. 

• Fixed Memory Constraints: 

• Flow table size is limited by ASIC design; scaling beyond that requires new 

hardware. 

• Limited flexibility in adding new protocols without upgrading the silicon. 

 

Software Switches 

• Dynamic Memory Allocation: 

• Software switches store flow tables in RAM, which can be expanded as 

needed. 

• More flexible in handling an increasing number of flows without hardware 

limitations. 

• Slower Flow Matching: 

• Unlike ASIC-based switches with dedicated TCAM, software switches rely on 

standard memory, leading to slower lookup times as flow tables grow. 

• High flow table size increases CPU usage, leading to performance degradation 

under heavy loads. 

• Verdict: ASICs scale better in high-speed environments, while software 

switches scale flexibly but at a performance cost. 

• For massive networks with high-speed demands, ASIC-based switches are 

better. For adaptable, lower-throughput needs, software switches work well. 

 

ENERGY EFFICIENCY 

Energy efficiency is crucial in data centers and enterprise networks, affecting 

operational costs. 

ASIC-based OpenFlow Switches 

• Lower Power Consumption per Packet: 

• Purpose-built ASICs optimize power efficiency, consuming a few watts per 

port. 

• A high-performance ASIC switch might consume 300–600W, but it processes 

traffic at Tbps (terabits per second) speeds. 



• Optimized Hardware Pipelines: 

• Minimal wasted cycles since hardware is designed specifically for switching 

tasks. 

• Does not require high-power general-purpose CPUs. 

 

Software Switches 

• Higher Power Consumption: 

• Software switches rely on multi-core x86 servers, which consume hundreds of 

watts per CPU. 

• A commodity server handling software switching may require 500–1000W, 

even at lower throughput. 

• Inefficient Packet Processing: 

• CPU-based packet forwarding consumes significantly more power per packet 

compared to ASICs. 

• Increased power draw due to context switching, memory access, and CPU 

overhead. 

• Verdict: ASIC switches are far more power-efficient. 

• In large-scale deployments, ASICs provide better energy efficiency per gigabit 

of traffic handled. 

 

 

 

 

 

 

 

 

 

 

 

 



HOW HARDWARE OPENFLOW SWITCHES ARE USED IN CARRIER 

NETWORKS, ENTERPRISE DATA CENTERS, AND SOFTWARE-DEFINED 

WANS (SD-WAN). 

✓ Hardware OpenFlow Switches in Carrier Networks. 

Why Carrier Networks Uses OpenFlow? 

• Carrier networks, operated by ISPs and telecom providers, require: 

• High scalability to support millions of users. 

• Low latency and high-speed packet processing for real-time applications. 

• Efficient traffic engineering for load balancing and congestion management. 

❖ Use Cases in Carrier Networks 

A. Core and Edge Network Optimization 

OpenFlow enables carriers to dynamically steer traffic based on real-time congestion. 

Hardware OpenFlow switches allow for centralized control of MPLS and IP routing, 

reducing complexity in configuring network-wide policies. Example: Google’s B4 

network uses OpenFlow to optimize WAN backbone traffic. 

B. Network Slicing for 5G 

OpenFlow switches allow carriers to create virtualized network slices, optimizing 

bandwidth allocation for different services (e.g., IoT, video streaming). OpenFlow-

based slicing ensures low-latency for critical applications like autonomous vehicles 

and telemedicine. 

C. DDoS Mitigation and Security 

Using OpenFlow, carriers can program the network to detect and mitigate DDoS 

attacks dynamically. Example: Flow-based anomaly detection can identify malicious 

traffic patterns and redirect them to scrubbing centers in real-time. 

 

✓ Hardware OpenFlow Switches in Enterprise Data Centers. 

Why Enterprise Data Centers Uses OpenFlow? 

• Enterprise data centers house business-critical applications and require: 

• Dynamic workload management across multiple servers. 

• High availability with failover and redundancy mechanisms. 

• Network automation to reduce human intervention and operational costs. 

❖ Use Cases in Enterprise Data Centers 

A. Dynamic Network Flow Control 



OpenFlow enables fine-grained traffic steering, ensuring that latency-sensitive 

applications (e.g., VoIP, financial transactions) receive priority over bulk data 

transfers. Hardware OpenFlow switches allow real-time control of east-west traffic in 

data centers. 

B. Load Balancing for Distributed Applications 

OpenFlow-based controllers can program hardware switches to dynamically adjust 

traffic paths based on server load. Example: A load balancer running on an SDN 

controller can instruct OpenFlow switches to direct traffic to the least loaded servers. 

C. Zero Trust Network Segmentation 

OpenFlow switches help enforce strict access controls at the network level, preventing 

lateral movement of threats. Example: Microsegmentation using OpenFlow ensures 

that an attacker who compromises one server cannot easily pivot to another. 

D. Multi-Tenant Cloud Networking 

OpenFlow enables tenant isolation in cloud data centers by dynamically configuring 

VLANs or VXLANs. Example: Amazon AWS and Google Cloud use SDN to 

program their data center switches for customer-specific traffic policies. 

 

✓ Hardware OpenFlow Switches in SD-WAN 

Why SD-WAN Uses OpenFlow? 

• Software-Defined Wide Area Networks (SD-WAN) provide intelligent routing 

and security for branch connectivity, requiring: 

• Application-aware routing to prioritize critical applications. 

• Multi-path optimization over MPLS, broadband, and LTE. 

• Security and policy enforcement at the branch level. 

 

❖ Use Cases in SD-WAN 

A. Intelligent Traffic Steering 

OpenFlow switches in SD-WAN can dynamically route traffic based on real-time 

conditions, ensuring optimal performance. Example: A video conferencing call can be 

routed over an MPLS link while non-critical traffic uses broadband. 

B. Secure Hybrid WAN Architecture 

OpenFlow enables centralized enforcement of security policies, reducing the attack 

surface. Example: Enterprises can segment traffic between guest Wi-Fi, corporate 

traffic, and cloud services, ensuring compliance. 



C. WAN Optimization and Cost Reduction 

OpenFlow enables bandwidth-aware routing, helping organizations reduce expensive 

MPLS usage by offloading traffic to broadband where possible. Example: An 

enterprise can configure OpenFlow policies to shift traffic between LTE and 

broadband based on cost and performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHALLENGES IN OPENFLOW HARDWARE ADOPTION AND 

INTEGRATION. 

Despite the benefits of OpenFlow hardware (ASIC-based OpenFlow switches), its 

adoption and integration into modern networks come with several challenges. Below 

are the key issues along with their reasons: 

1. Limited Vendor Support and Proprietary Lock-in 

• Major switch manufacturers (e.g., Cisco, Juniper) prefer selling their 

proprietary SDN solutions instead of fully supporting OpenFlow. 

• Vendors often add proprietary extensions that reduce OpenFlow’s 

interoperability across different hardware platforms. 

• Limited choice of OpenFlow-compatible hardware. 

• Difficulty in integrating OpenFlow switches with legacy infrastructure. 

2. Complexity of Deployment and Management 

• OpenFlow requires a centralized SDN controller to manage the switches, 

which differs from traditional distributed networking models. 

• Network administrators need expertise in SDN controllers (e.g., ONOS, ODL), 

flow table management, and OpenFlow protocols. 

• Managing flow entries dynamically in ASIC-based switches is complex, 

especially at high traffic loads. 

• Increased learning curve for network engineers. 

• Operational challenges in maintaining OpenFlow networks at scale. 

3. Scalability Limitations in ASIC-based Switches 

• ASIC-based switches support only a limited number of flow entries (often a 

few thousand to a few hundred thousand). 

• In large-scale deployments, frequent flow table updates can cause performance 

degradation due to TCAM exhaustion. 

• OpenFlow hardware struggles to handle millions of flows dynamically, 

limiting its use in large-scale cloud environments. 

• Flow table optimization is required, increasing network design complexity. 

4. Performance Overhead Due to Controller Dependency 

• Every new flow that is not in the switch’s flow table requires a controller 

lookup, increasing latency. 

• High-frequency flow updates put a heavy load on the SDN controller, 

reducing overall network performance. 

• High latency in handling new flows. 

• Potential controller failure risks, leading to network downtime. 

5. Security and Reliability Concerns 



• Single point of failure: If the SDN controller is compromised, the entire 

network can be affected. 

• Man-in-the-middle attacks: OpenFlow messages between the switch and 

controller can be intercepted if not properly encrypted. 

• Flow rule manipulation: Attackers can inject malicious rules to disrupt traffic 

or create network loops. 

• Increased risk of SDN-based attacks. 

• Need for additional security mechanisms like TLS encryption and redundant 

controllers. 

6. Lack of Standardization and Compatibility Issues 

• Some vendors modify OpenFlow implementations to include proprietary 

extensions, causing compatibility issues. 

• OpenFlow versions (e.g., 1.0, 1.3, 1.5) introduce breaking changes, making it 

difficult to integrate hardware from different manufacturers. 

• Difficulties in multi-vendor network deployments. 

• Risk of vendor lock-in, limiting flexibility. 

7. High Cost of ASIC-Based OpenFlow Hardware 

• Developing OpenFlow-compatible ASICs requires specialized silicon, 

increasing manufacturing costs. 

• Enterprises must invest in new hardware, controllers, and training, leading to 

high initial costs. 

• Slower adoption in cost-sensitive environments like small enterprises. 

• Preference for software-based OpenFlow switches instead of ASIC-based 

hardware. 

8. Difficulty in Legacy Network Integration 

• OpenFlow introduces a fundamentally different networking paradigm, making 

it challenging to integrate with traditional Layer 2/3 networks. 

• Enterprises must decide between a full OpenFlow deployment (difficult) or a 

hybrid approach (complex to manage). 

• Increased migration complexity. 

• Hybrid networks require extra configuration and monitoring tools 

 


