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Introduction 
Artificial intelligence (AI) workloads are rapidly transforming datacenter infrastructure, with 

networking now a critical enabler of performance and scalability. IDC forecasts the total 

value of AI infrastructure spending to surge from 

$486 billion in 2025 to $1.38 trillion by 2030 

(source: Worldwide Quarterly AI Infrastructure 

Tracker, April 2026). This growth reflects the 

increasing complexity and scale of AI models, 

which require robust, high-speed networking to 

reduce latency during training and inference. As 

organizations increase AI deployments, demand 

for high-performance, resilient, and scalable 

networking intensifies. The AI networking 

semiconductor market is projected to surpass 

$100 billion by 2030 with scale-out networking 

accounting for $79 billion (source: Datacenter AI 

Infrastructure Spend for AI Networking, 2Q25 

Update, IDC #US53925625, December 2025). 

These trends underscore the strategic 

importance of network architectures that 

maximize the value of AI infrastructure. 

Large GPU clusters — sometimes numbering in 

the hundreds of thousands — depend on AI-

optimized networking architectures operating at wire-rate 400/800G speeds. The use of 

high-performance smart NICs in these network environments can help keep GPUs fully 

utilized and minimize job stalls. IDC forecasts a 40% compound annual growth rate in smart 

NIC unit shipments from 2025 to 2030, reflecting their increasing adoption to meet the needs 

of advanced AI networks (source: Datacenter AI Infrastructure Spend for AI Networking, 

2Q25 Update, IDC #US53925625, December 2025). 

Organizations operating large-scale AI infrastructure face increasingly complex networking 

challenges, including congestion at scale, packet loss, uneven workload distribution, and 

rising operational overhead, all of which can reduce GPU utilization, delay distributed 

training jobs, and limit overall cluster efficiency. Traditional approaches, including proprietary 

InfiniBand fabrics and Ethernet-based RoCEv2 deployed in fat-tree (leaf/spine/core) 

architectures, are commonly used for scale-out AI networking. However, as cluster sizes and 

AI model complexity continue to grow, there is a clear industry shift toward next-generation 

open Ethernet solutions that reduce reliance on single-vendor architectures such as 

Infiniband and address certain scalability and operational challenges associated with some 

RoCEv2 deployments. 

Reported challenges in some environments include congestion propagation, head-of-line 

blocking caused by Priority Flow Control (PFC), sensitivity to packet loss and packet 

reordering, and inefficient load balancing across dynamic AI traffic patterns. In response, the 

industry is increasingly adopting open, standards-based Ethernet technologies that deliver 

AI-ready performance, greater vendor interoperability, broader deployment flexibility, and 

improved operational efficiency for large-scale distributed AI workloads. 

At a glance 

Key takeaways 

• Large-scale AI workloads are 
placing new demands on 
datacenter infrastructure, 
requiring optimized network 
architectures. 

• AI-ready scale-out networking 
solutions can increase utilization 
of compute resources and 
enhance architectural flexibility in 
AI deployments. 

• Programmability and compatibility 
with open standards are emerging 
as key enabling factors for some 
AI deployments. 



Enabling AI-Ready Scale-Out Networking for AI Workloads 

 

 

July 2026   |   IDC #US54542026   |   Sponsored by AMD  3 

Existing RoCEv2 networks deployed in fat-tree architectures are increasingly showing 

inefficiencies as training and inference clusters grow exponentially in size year over year, 

driven by the increasing scale and complexity of AI models and the rapid growth of agentic 

AI. Figure 1 illustrates connections for only 128 GPUs in a Level 3 fat-tree network; 

visualizing the connections for 128,000 GPUs would be nearly impossible. 

 

FIGURE 1 
Scale-out networking 
Connecting 128 GPUs in a Level 3 fat-tree network 

 

Source: IDC, 2026 

 

Definitions 
• AI-ready scale-out networking: Networks engineered for near-100% utilization and 

high-throughput east-west traffic, delivering low-latency data transfer for synchronized 
GPU operations (Features include flexible topologies [fat tree, multiplane], congestion 
management, load balancing, and real-time telemetry.)  

• Fat-tree network architecture: Hierarchical topology providing non-blocking, high-
bandwidth connectivity via multiple switch layers, ideal for large AI clusters requiring 
high-throughput, low-latency communication 

• InfiniBand: An NVIDIA proprietary high-speed, low-latency interconnect technology 
used in HPC, AI training, and datacenters (It features native RDMA fabrics, and sub-
microsecond latency. Speeds range from 10Gbps [SDR] to 800Gbps [XDR].) 

• Multiplane network architecture: Designs using multiple parallel planes to boost 
bandwidth, resiliency, and fault isolation, reducing infrastructure costs and supporting 
high-bandwidth, low-latency communication in large clusters 

• Operational excellence: Practices and technologies ensuring consistent uptime, rapid 
upgrades, observability, and validation — critical for performance and reliability in AI 
datacenters 
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• RoCEv2 (RDMA over Converged Ethernet v2): A protocol enabling RDMA over 
Ethernet using UDP/IP, widely used for low-latency, high-throughput data transfer in AI 
datacenters 

• Scale-out networking: Architectures connecting large numbers of AI accelerators 
(e.g., GPUs) across nodes, enabling horizontal expansion and high-throughput 
communication for large-scale AI workloads 

• Smart NIC: Advanced NICs with programmable processing (CPUs, FPGAs, and 
ASICs) that offload and accelerate network, security, and storage tasks, improving 
throughput, latency, and scalability 

Benefits 
The significance of AI-ready scale-out networking lies in its ability to improve efficiency, 

reliability, and scalability for datacenter AI workloads. The following benefits illustrate how 

advanced networking solutions are transforming organizational AI deployments, aligning with 

overarching industry themes of operational excellence and performance optimization: 

• Enhanced performance and reduced job completion times can be achieved by using 
network technology that is specifically designed to run AI workloads. This is particularly 
important for large-scale training and inference workloads, where even small 
improvements in network efficiency can translate into significant gains in overall 
throughput and cost savings. 

• Improved cluster uptime and reliability result from rapid fault detection, graceful failover, 
and transport-layer convergence that keep workloads running through link, switch, or 
node failures. By minimizing job stalls and preventing checkpoint-restart penalties, 
organizations preserve GPU utilization and maintain the reliability, availability, and 
serviceability (RAS) required for mission-critical AI applications.  

• Operational excellence is delivered through frameworks that include rapid upgrades, 
clusterwide consistency validation, and robust observability. These practices reduce 
drift, accelerate troubleshooting, and shorten maintenance windows, helping meet 
service-level agreements and prevent performance degradation across large AI 
clusters.  

• Accelerated time to production is enabled by AI-ready networking that delivers strong 
baseline performance out of the box, reducing the need for extensive tuning and 
manual optimization. This allows organizations to bring AI clusters online more quickly 
and begin realizing value from their investments sooner. The ability to rapidly deploy 
and scale AI infrastructure is a key competitive advantage in fast-moving markets. 

• Granular network observability and advanced telemetry provide deep insights into 
network conditions, enabling faster detection and resolution of issues. High-resolution 
metrics and hardware-accelerated streaming support proactive management and 
accelerated troubleshooting, allowing operators to identify and address potential 
bottlenecks before they impact performance. This level of visibility is critical for 
maintaining the health and efficiency of large AI clusters. 

• Cost savings can be realized through multiplane architectures, which increase 
availability and scalability while reducing networking infrastructure expenses, 
particularly optics. By leveraging multiple parallel planes, organizations can achieve 
higher bandwidth and resiliency with fewer resources, reducing both capital and 
operational expenditures.  
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• Flexible deployment and management are facilitated by broad support for open 
networking strategies, which avoid vendor lock-in and ensure compatibility with diverse 
environments. Open, standards-based solutions enable organizations to integrate best-
of-breed components from multiple vendors, reducing risk and increasing agility.  

• Validated solutions that leverage infrastructure proven with leading OEM and ODM 
compute ecosystem partners reduce deployment risk and accelerate adoption. By 
choosing solutions that have been thoroughly tested and certified, organizations can 
simplify initial deployment and ensure reliable operation from day 1. 

Trends 
The rapid growth in datacenter investment is fueling demand for network infrastructure, and 

smart NICs are emerging as a critical component in AI datacenter networks. IDC forecasts 

smart NIC revenue to reach $13 billion in 2030, representing a CAGR of 21% over the five-

year forecast period (source: Datacenter AI Infrastructure Spend for AI Networking, 2Q25 

Update, IDC #US53925625, December 2025). 

Scale-out networking is becoming the dominant architecture for AI factories, supporting large 

clusters of AI compute and enabling horizontal expansion. IDC forecasts scale-out 

networking to reach $79 billion in market value by 2030 (source: Datacenter AI Infrastructure 

Spend for AI Networking, 2Q25 Update, IDC #US53925625, December 2025), highlighting 

its central role in the future of AI infrastructure. This architectural shift is driven by the need 

to efficiently interconnect tens of thousands of GPUs within a high-performance and low-

latency network fabric. 

Operational excellence is emerging as a key differentiator, with organizations prioritizing 

rapid upgrades, consistency validation, and end-to-end observability to maintain cluster 

uptime. Organizations are investing in platforms and tools that enable them to quickly detect 

and resolve issues, maintain software and configuration consistency across large clusters, 

and minimize downtime during upgrades and maintenance. 

Organizations are increasingly prioritizing AI infrastructure solutions that reduce time to 

production, favoring platforms that deliver predictable baseline performance and operational 

readiness without extensive manual tuning or prolonged optimization cycles. This trend 

reflects the growing importance of agility and speed in deploying AI solutions, as businesses 

seek to capitalize on new opportunities and stay ahead of the competition. 

Multiplane networking is gaining traction as a cost-saving strategy, offering increased 

bandwidth, resiliency, and fault isolation. Multiplane architectures can reduce networking 

infrastructure costs, making them an attractive option for organizations looking to scale 

efficiently while controlling expenses. 

Integration with automation and orchestration frameworks, such as Kubernetes and Slurm, is 

becoming standard, enabling automated resource allocation, telemetry, and cluster 

management for AI workloads. These integrations simplify the deployment and management 

of large AI clusters, reducing operational complexity and enabling more efficient use of 

resources. 
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Open networking approaches are increasingly adopted to avoid vendor lock-in and ensure 

compatibility with diverse network vendors, supporting flexible and scalable deployments. By 

embracing open standards and interoperable solutions, organizations can incorporate 

greater flexibility into their infrastructure and adapt to changing requirements over time. 

Vendor profile: AMD – AMD AI  
NIC Technology 
The AMD strategy for AI networking emphasizes open standards and full hardware and 

software programmability, enabling high-performance solutions while encouraging freedom 

of vendor choice. This approach supports broad ecosystem interoperability across Ethernet-

based AI clusters, allowing organizations to adapt networking capabilities over time rather 

than relying on fully proprietary fabric stacks. 

The AMD Pensando Pollara 400 AI NIC and the AMD Pensando Vulcano 800 AI NIC have 

been developed to address the specific requirements of AI datacenter networking, delivering 

high-performance and scalable connectivity for large-scale training and inference workloads. 

These solutions are built around open standards and full hardware and software 

programmability, providing organizations with an alternative to enable vendor independence 

and adapt to evolving network protocols and operational needs. 

Strategic positioning and architecture 
The approach from AMD is focused on operational excellence, enabling rapid upgrades, 

clusterwide consistency validation, and advanced observability, while maximizing GPU 

utilization and minimizing job stalls. These AI NICs are intended to accelerate collective 

communication (RCCL) by reducing latency and overhead through hardware-assisted 

transport and congestion management, helping improve job completion times and cluster 

efficiency. 

These AI NICs are the only fully hardware and software programmable offerings in the 

market that enable support of evolving transport protocols, congestion control, and feature 

updates via software. AMD is positioning this capability to support long-term investment 

protection and adaptability as AI workloads and standards change.  

Accelerated time to production is achieved through AI-ready networking that delivers strong 

baseline performance with minimal tuning, enabling organizations to bring AI clusters online 

faster and reduce manual optimization effort during deployment. The solution is designed for 

integration with automation and orchestration frameworks, including Kubernetes, supporting 

automated deployment, labeling, and resource allocation for efficient cluster bring-up. 

These AI NICs incorporate rapid fault detection, graceful recovery, and hitless upgrade 

features, which are designed to minimize disruption, support SLA adherence, and preserve 

GPU utilization during maintenance operations. High-resolution telemetry is intended to 

provide microsecond-precision metrics, enabling granular insight and accelerated 

troubleshooting across logical interfaces and transport layers. 
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These AMD AI NICs support multiplane architectures, distributing traffic across multiple 

parallel planes for increased bandwidth, resiliency, and fault isolation. This reduces job-

stalling risk and infrastructure costs, particularly for optics, and enables flexible deployment 

in both front-end and back-end roles within AI clusters. 

Designed around open systems architecture, the AI NICs support standards-based 

deployments and broad interoperability with network vendors and infrastructure components. 

To address the limitations of RoCEv2 at scale, the AI NICs support multiple transports: UEC 

Specification 1.0, which delivers an Ethernet transport, deterministic performance, and 

enhanced congestion management, and Multipath Reliable Connection (MRC), a new open 

protocol codeveloped by AMD and ecosystem partners and contributed to the Open 

Compute Project that extends RoCEv2 with multipath transport, microsecond-scale failure 

recovery, and simplified topologies. 

These AI NICs provide flexible deployment options, supporting both front-end and back-end 

roles in AI infrastructures, and offer broad Linux OS support for open source distributions. 

Validation with leading OEM and ODM server platforms further simplifies integration and 

reduces deployment risk from day 1. 

Challenges 
Widespread adoption of AI-ready scale-out networking in datacenters may require a 

significant market education effort. Traditional network architectures are not architecturally 

the same as AI networks, and large-scale AI workloads are very different than traditional 

applications. Tuning these networks for large-scale AI workloads requires a knowledge base 

and set of skills that many organizations may need to develop. 

Limited virtualization features may restrict deployment scenarios, as current support is 

confined to specific configurations (e.g., one physical and one virtual function). In particular, 

the lack of VMware support may pose challenges for organizations relying on VMware-

based virtualization environments. 

Ensuring clusterwide software alignment and consistency validation across diverse 

environments can be complex, requiring robust management tools and processes. This 

includes maintaining consistent firmware versions, driver revisions, and NIC configurations 

across thousands of nodes, particularly in heterogeneous clusters spanning multiple server 

vendors, OS distributions, and life-cycle stages. 

While the broader ecosystem of validated network fabric and switch partners continues to 

mature, organizations evaluating end-to-end AI networking deployments may need to 

coordinate across multiple vendors to ensure full interoperability between NICs, switches, 

optics, and management software, but deployment of standards-compliant solutions should 

ease that burden over time. 

Deployment risk can also be a barrier to adoption when solutions have not been broadly 

validated across leading OEM and ODM compute ecosystem partners. Datacenters that rely 

on standardized server platforms may delay adoption or limit deployment scope until 

validated reference configurations are widely available, slowing time to value for AI 

infrastructure investments. 
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Conclusion 
AI-ready scale-out networking has the potential to enable efficient, reliable, and scalable 

datacenter AI workloads. The desire for full programmability, multisourcing, enhanced 

operational excellence, rapid upgrades, and advanced observability is driving the adoption of 

innovative networking solutions. As market dynamics evolve, the relevance and impact of 

these technologies will continue to shape strategies for AI infrastructure, supporting both 

current operational needs and future growth. 
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About the IDC analyst 

Message from the sponsor 

AMD provides networking products for AI and data center infrastructure through the AMD 

Pensando networking portfolio. The AMD Pensando Pollara 400 AI NIC, delivering up to 400 

Gbps, and the AMD Pensando Vulcano 800 AI NIC, delivering up to 800 Gbps, are fully 

programmable network interface cards that support multiple open transports for AI cluster 

connectivity, including Ultra Ethernet Consortium (UEC) specifications and the Multipath 

Reliable Connection (MRC) protocol, which AMD co-developed and contributed to the Open 

Compute Project. The AI NICs use programmable hardware that can be updated via 

software to support evolving transport protocols, congestion control, and telemetry 

requirements. AMD actively contributes to open AI networking standards through its 

participation in the Ultra Ethernet Consortium and the Open Compute Project. 

For more information, visit amd.com/networking. 
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