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   The Mixture of Experts (MoE) has become a dominant paradigm in
   transformer-based artificial intelligence (AI) large language models
   (LLMs).  It is widely adopted in both distributed training and
   distributed inference.  To enable efficient expert parallelization
   and even tensor parallelization across dozens or even hundreds of
   Graphics Processing Units (GPUs) in MoE architectures, an ultra-high-
   throughput, ultra-low-latency AI scale-up network (SUN) is critical.
   This document describes how to extend the Weighted Equal-Cost Multi-
   Path (WECMP) load-balancing mechanism, referred to as Fully Adaptive
   Routing Ethernet (FARE), which was originally designed for scale-out
   networks, to scale-up networks.

Requirements Language

   The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
   "SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
   document are to be interpreted as described in RFC 2119 [RFC2119].

Status of This Memo

   This Internet-Draft is submitted in full conformance with the
   provisions of BCP 78 and BCP 79.

   Internet-Drafts are working documents of the Internet Engineering
   Task Force (IETF).  Note that other groups may also distribute
   working documents as Internet-Drafts.  The list of current Internet-
   Drafts is at https://datatracker.ietf.org/drafts/current/.

   Internet-Drafts are draft documents valid for a maximum of six months
   and may be updated, replaced, or obsoleted by other documents at any
   time.  It is inappropriate to use Internet-Drafts as reference
   material or to cite them other than as "work in progress."

   This Internet-Draft will expire on 30 August 2026.

Copyright Notice

   Copyright (c) 2026 IETF Trust and the persons identified as the
   document authors.  All rights reserved.

   This document is subject to BCP 78 and the IETF Trust’s Legal
   Provisions Relating to IETF Documents (https://trustee.ietf.org/
   license-info) in effect on the date of publication of this document.
   Please review these documents carefully, as they describe your rights
   and restrictions with respect to this document.  Code Components
   extracted from this document must include Revised BSD License text as
   described in Section 4.e of the Trust Legal Provisions and are
   provided without warranty as described in the Revised BSD License.
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1.  Introduction

   The Mixture of Experts (MoE) has become a dominant paradigm in
   transformer-based artificial intelligence (AI) large language models
   (LLMs).  It is widely adopted in both distributed training and
   distributed inference.  To enable efficient expert parallelization
   and even tensor parallelization across dozens or even hundreds of
   Graphics Processing Units (GPUs) in MoE architectures, an ultra-high-
   throughput, ultra-low-latency AI scale-up network (SUN) is
   indispensable.  This network serves as the interconnection fabric,
   allowing GPUs to function as a unified super GPU, referred to as
   a SuperPoD.  The scale-up network is fundamental for efficiently
   transporting substantial volumes of communication traffic within the
   SuperPoD.  It includes but not limited to： 1) all-to-all traffic for
   Expert Parallelism (EP) communication, and 2) all-reduce traffic for
   Tensor Parallelism (TP) communication, ensuring consistent tensor
   values across GPUs during training and inference.

         +----+ +----+ +----+ +----+
         | L1 | | L2 | | L3 | | L4 |  (Leaf)
         +----+ +----+ +----+ +----+

         +----+ +----+ +----+ +----+ +----+ +----+      +----+
         | G1 | | G2 | | G3 | | G4 | | G5 | | G6 | ...  |G64 |  (GPU)
         +----+ +----+ +----+ +----+ +----+ +----+      +----+

                                    Figure 1
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   (Note that the diagram above does not include the connections between
   GPUs and leaf switches.  However, it can be assumed that GPUs are
   connected to every leaf switch in the above scale-up network
   topology.)

   As shown in Figure 1, it’s a 64-GPU SuperPoD that consists of 64 GPUs
   and four leaf switches with high radix (e.g., 128 400G ports).  To
   achieve inter-GPU bandwidths of several terabits per second (Tbps) or
   higher, each GPU is typically equipped with multiple scale-up network
   ports (e.g., four 800 Gbps ports).  Each port connects to a separate
   scale-up leaf switch via a Y-cable, forming four distinct network
   planes.

   In such multi-plane scale-up networks, achieving ultra-high bandwidth
   and ultra-low latency requires two key strategies.  First,
   efficiently distributing data across all network planes is critical.
   For instance, if an 800G port on a GPU fails, traffic destined for
   that GPU over the faulty plane must immediately cease.  If only one
   400G sub-cable of a given 800G Y-cable malfunctions, halving the
   bandwidth of the affected network plane, traffic on that network
   plane between the relevant GPU pair should be proportionally reduced.
   Second, incast traffic patterns inherent to all-to-all communication
   may cause congestion on the egress ports of a last-hop switch;
   therefore, a more efficient congestion management mechanism is
   required.

   This document describes how to extend the Fully Adaptive Routing
   Ethernet (FARE) using BGP (FARE-BGP in short) as described in
   [I-D.xu-idr-fare], which was originally designed for scale-out
   netowrks, to scale-up networks.

2.  Terminology

   This memo makes use of the terms defined in [RFC2119].

3.  Solution Description

   Each pair of GPUs establishes multiple Remote Direct Memory Access
   (RDMA) Queue Pairs (QPs) for data transmission using the loopback
   addresses of the GPU servers.  It is recommended that each loopback
   address be bound to a single GPU.  While the use of port-level or
   sub-port-level physical addresses for QP establishment is technically
   supported, this approach is not recommended.

   Additionally, upper-layer adaptations (e.g., transaction layer) can
   facilitate memory semantic operations (load/store/atomic) based on
   RDMA message semantics.  However, implementation details are beyond
   the scope of this document.
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   Acting as stub BGP speakers, servers exchange BGP routes with
   connected switches across different planes, advertising the
   reachability of their loopback addresses and learning the
   reachability of remote GPUs.  Additionally, by extending FARE-BGP
   from switches to servers, they can obtain path bandwidth information
   related to ECMP routes for other GPUs.  This capability enables GPUs
   to perform WECMP load balancing across all available network planes
   of a scale-up network.

   When the path bandwidth of a route through a specific network plane
   to a destination GPU degrades due to events such as network plane
   failures or partial link outages, existing Queue Pairs (QPs)
   traversing unaffected planes maintain their established forwarding
   paths.  Meanwhile, the source GPU must adjust the traffic load
   allocated to the affected network plane based on updated weight
   values.  Conversely, when the path bandwidth through a previously
   degraded network plane recovers― such as after failed links or planes
   are restored― the source GPU should increase the traffic load
   allocated to that plane.  This approach ensures optimal traffic
   distribution across all operational network planes.

3.1.  Per-Flow Weighted Load Balancing

   Per-flow weighted load balancing is recommended when ordered packet
   delivery is essential.

   For per-flow weighted load balancing, at least one Queue Pair (QP)
   per sub-port must be established between a pair of GPUs.  When QPs
   are configured using the loopback address assigned to each GPU, each
   QP should be assigned a unique UDP source port to differentiate
   traffic flows across all network planes between the GPU pair.  If QPs
   are configured using the physical addresses assigned to ports, each
   QP should be assigned a unique UDP source port to differentiate
   traffic flows across the same network plane.  If QPs are configured
   using the physical addresses assigned to sub-ports, there is no need
   for assigning unique UDP source port for each QP anymore.

   The traffic allocated to a given network plane is evenly distributed
   among all available QPs traversing that plane.

   The switch within each network plane SHOULD perform per-flow load
   balancing as well to ensure ordered packet delivery for all QPs.

3.2.  Per-Packet Weighted Load Balancing

   Rer-packet weighted load balancing is recommended in the case where
   disordered packet delivery is acceptable.
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   For per-packet weighted load balancing, all QPs established between a
   pair of GPUs must support disordered packet delivery (e.g., through
   the Direct Data Placement mechanism [RFC7306]).  In this mode, a
   single QP per network plane between a given GPU pair is sufficient,
   with the traffic of that QP evenly distributed across all available
   routes within that network plane.

   The switch within each network plane SHOULD perform per-packet
   weighted load balancing since disordered packet delivery is
   acceptable for all QPs.

4.  Considerations on Memory Semantic Operations

   When implementing memory semantics, the ordering guarantees for
   network transmission can be categorized as follows:

   a.  Weak Ordering Guarantee for Network Transmission: The network
   adopts full packet spraying, and the GPUs rely entirely on the
   Reorder Buffer (ROB) to maintain ordering.  This results in a
   significant increase in implementation complexity on the GPU side.

   b.  Partial Ordering Constraint for Network Transmission: For
   transactions with strict ordering requirements (e.g., fence and
   barrier operations), sequential execution is mandatory.  These
   transactions are marked with a "strong ordering" flag, and the
   endpoint side uses a blocking mechanism to wait and satisfy the
   ordering requirement.  For transactions that allow out-of-order
   transmission, the network provides a baseline hash-based ordering
   guarantee mechanism.  When the GPU generates transactions with the
   same hash key, in-order delivery is enforced between these
   transactions.  This approach grants the GPU ample flexibility while
   enabling fine-grained local control over ordering.

   c.  Strong Ordering Guarantee for Network Transmission: To simplify
   the implementation of memory semantic transactions, some GPUs require
   that the same transaction stream be transmitted strictly in order
   along the entire network path, with out-of-order transmission
   completely prohibited.  This achieves a highly simplified
   implementation on the GPU side.

   When implementing native Load/Store memory semantics directly on top
   of RDMA QPs, additional purpose-built mechanisms are required to
   guarantee the sequential consistency of memory
   transactions― particularly for GPUs built on weak-order memory models.
   Specifically, for weak-order memory models, transactions of the same
   type targeting the same memory address must maintain consistent
   ordering throughout their entire network transmission and transaction
   processing pipeline.  To achieve this, transactions should be routed
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   to the same QP via a hash-based strategy: all transactions targeting
   the same memory address are hashed to the same QP.  Furthermore, each
   QP enforces strict in-order transmission and completion along its
   dedicated network path when operating in per-flow weighted load-
   balancing mode.
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