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TRILLION-GPU BACKPLANES - INFINIBAND REPLACEMENT

Al Factory & DC Design

SRv6 uSID Flex-Algo Rail Isolation — Eliminating ECMP Hotspots in GPU Training
Fabrics

0% S5x 100-800Gbps

ECMP Hotspots Header Compression Open Ethemet Parity

This white paper analyzes ECMP hash polarization failure modes in VXLAN/IP GPU training fabrics and
presents SRv6 uSID Flex-Algo rail isolation as the definitive solution — extended across trillion-GPU
backplane design, InfiniBand replacement economics, inter-cluster WAN synchronization, tail-latency
elimination, RoCEv2 coexistence, and thermal-aware traffic engineering.
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1. GPU Training Fabric Failure Analysis

Distributed Al training requires All-Reduce collectives — fully synchronized gradient aggregation across all GPU
nodes. Job Completion Time is bounded by the slowest link. ECMP hash-based load balancing produces
non-uniform traffic distribution for All-Reduce patterns — not a configuration error but an inherent property of hash
functions, inflating JCT by 15—40%.

“Idle GPU capacity stalled by network congestion is the single most economically
destructive failure mode an Al factory operator can experience.”

15-40% 0% 0B 8-12B

JCT Inflation (ECMP) JCT Inflation (Flex-Algo) VXLAN Overhead SRv6 Overhead

2. RoCEv2 Lossless Fabric Requirements

Mechanism Function

Priority Flow Control (PFC) IEEE 802.1Qbb per-priority pause frames; risk of deadlock in misconfigured fabrics.

ECN (RFC 3168) CE bit marking on buffer occupancy threshold; CNP signals sender rate reduction.

DCQCN ECN + RDMA NIC rate limiting, proactively reducing injection before saturation.

Buffer Sizing BDP + propagation delay headroom for in-flight traffic during PFC pause reaction.

SRv6 uSID Advantage Eliminates VXLAN overhead, freeing buffer capacity; Flex-Algo isolates lossless queue
buffers.
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3. SRv6 uSID Flex-Algo Rail Isolation

FA-128 — Rail-A Intra-Pod IS-IS FAD affinity 0x00000001, complete exclusion of all other links.

FA-129 — Rail-B Intra-Pod IS-IS FAD affinity 0x00000002, complete isolation from Rail-A.

FA-130 — Inter-Rail SR-TE Static SR-TE policy through designated spine links — ECMP bypassed entirely.
FA-131 — Management Plane Dedicated plane for fabric management, gNMI telemetry, storage 1/0.

Self-healing fabric: ODL/ONOS receives gNMI streaming at 100ms—1s intervals — per-SID counters, ECN
rates, PFC counts. The rebalancing engine detects flow imbalance within seconds and autonomously programs
updated segment lists, redistributing traffic without human intervention.

4. 1-Trillion-GPU Backplane Architecture

Training multi-trillion-parameter models requires treating synchronized burst traffic as the continuous design center,
not an edge case. At this scale, standard load balancing does not degrade gracefully — it fails structurally, stalling
capital-intensive accelerators waiting on the network.

SRv6-TE as Backplane Primitive Deployed as the native backplane control mechanism, not an overlay on an existing
IP fabric.

Compressed 16-bit uSID Every computing pathway maps to a single-instruction lookup, scaling to hundreds

Mapping of thousands of GPUs.

Congestion Elimination at Scale Deterministic path placement preserves the congestion-avoidance property at 10x

or 100x node count.
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5. Replacing InfiniBand with Open Terabit Ethernet

— Latency Parity: Compressed SRv6 uSID over Open Terabit Ethernet matches InfiniBand for GPU-GPU RDMA
traffic.

— Open-Architecture Hardware: Multi-vendor Ethernet silicon replaces single-vendor interconnect, breaking
procurement lock-in.

— Procurement Cost Reduction: Multi-vendor sourcing introduces price competition absent from single-vendor
InfiniBand supply chains.

— Multi-Facility Scaling: The same Ethernet+SRv6 design extends a single compute fabric across multiple data
centers.

6. Inter-Cluster Synchronization for Distributed Training

Training workloads increasingly span multiple facilities, driven by power availability and disaster-resilience
requirements — introducing a wide-area latency challenge absent from single-facility fabrics.

Dedicated WAN Flex-Algo Paths Low-latency paths engineered across inter-facility fiber, isolated on their own
forwarding plane.

Congestion Bypass Synchronization traffic structurally separated from bulk-transfer traffic sharing the
same WAN fiber.

Pipeline Alignment Training pipelines stay synchronized because WAN latency is deterministic, not
best-effort.
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7. Eliminating Tail-Latency via Strict Priority Pathing

Job speed is dictated by the single slowest packet at any moment — tail latency, not average latency, determines
throughput. A microsecond-scale spike on one link stalls the entire synchronized pipeline.

IMPACT: Hardware strict priority pathing enforced in the forwarding ASIC — not software queue
scheduling — removes queuing delay variance and bounds the tail, which is the metric that
actually governs Job Completion Time.

8. RoCEv2 and SRv6 Transport Coexistence

Direct Payload Mapping RoCEv2 memory payloads mapped directly inside the SRv6 transport layer — no
intermediate tunneling.

Multi-Domain Scaling RDMA traffic scales across multiple routing domains via a standard SRv6-routable
header.
Full Traffic Steering Preserved All Flex-Algo rail isolation and SR-TE capability remains available since RDMA

payload simply rides inside the SID list.
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9. Thermal-Aware Traffic Engineering
Al training factories generate concentrated heat in specific rows or zones — a physical constraint conventional
network-layer TE has no visibility into.
— Real-Time Cooling Telemetry: Live thermal/cooling metrics feed directly into Flex-Algo constraints —
temperature becomes a routable metric.
— Automatic Hotspot Avoidance: High-volume paths steer away from overheating rows without human
intervention.
— Hardware Protection: Reduced sustained load through overheating rows lowers component failure risk and
cooling capex.
10. Supported GPU Platform Integration
Platform Integration
Nvidia H100/H200/B200 ConnectX-7 dual-mode, RoCEv2 + GPUDirect RDMA, SRv6 via FRRouting or
eBPF/Cilium on host.
AMD Instinct MI300X ROCm RCCL, RoCEv2 via ConnectX/Pensando DPU, full Flex-Algo fabric compatibility.
Intel Gaudi 2/3 Habana HCCL, native RoCEv2 NIC, 24x 100GE ports, direct Flex-Algo leaf integration.
Broadcom/Marvell/Fungible P4-programmable SRv6 uSID SRH processing acceleration at line rate.
DPU
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11. Architecture Comparison: VXLAN vs. SRv6

Metric VXLAN / IP Fabric SRv6 Flex-Algo + SR-TE
ECMP Polarization 15—40% JCT inflation Zero — deterministic plane isolation
Header Overhead 50 bytes (3.3—4.1% at 1500B) 8-12 bytes (0.5-0.8%)

Scale Behavior

Proprietary Interconnect

Tail Latency

Thermal Awareness

Self-Healing

Congestion risk reappears as cluster
grows

Often paired with InfiniBand

Software scheduling — variable tail

None

Manual or ECMP rehash (minutes)

Scales by construction (Sec. 4)

Open Ethernet matches latency (Sec. 5)

Hardware strict priority — bounded tail

Flex-Algo routes on live cooling telemetry

ODL/ONOS autonomous rebalancing
(seconds)

White Paper Summary — SRv6 uSID Technology Conclusion

VXLAN/IP fabrics with ECMP hash-based load balancing are architecturally unsuitable for GPU training at any
scale, and the failure becomes more economically destructive — not less — as cluster size grows toward

trillion-parameter requirements. SRv6 Flex-Algo rail isolation eliminates this by construction rather than by

tuning.

The same design philosophy extends across every dimension examined: Open Terabit Ethernet with SRv6
matches InfiniBand latency while breaking lock-in, dedicated WAN Flex-Algo planes carry inter-cluster sync

with the same isolation logic as intra-pod rails, hardware strict priority bounds tail latency, and RoCEv2
composes cleanly underneath SRv6's path-engineering control plane.

Thermal-aware traffic engineering illustrates why Flex-Algo's constraint-based model is the right long-term
foundation: a primitive designed for GPU rail isolation generalizes naturally to live facility cooling telemetry as

a routing constraint — deterministic, open, and built to scale with trillion-GPU backplanes.
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Ready to Architect Your Al Factory Fabric?

SRv6 TEK Innovations provides Flex-Algo rail design, InfiniBand replacement planning, and thermal-aware TE
for your GPU cluster infrastructure.

NAICS: 541512 - 541519 - 541611 - MBE-Eligible Minority-Owned Small Business
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