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Abst ract

The M xture of Experts (ME) has becone a dominant paradigmin
transforner-based artificial intelligence (Al) |arge | anguage nodel s
(LLM5). It is widely adopted in both distributed training and
distributed inference. Furthernore, the disaggregation of the
prefill and decode phases is highly beneficial and is considered a
best practice for distributed inference nodels; however, this
approach depends on highly efficient Key-Value (KV) cache

synchroni zation. To enable efficient expert parallelization and KV
cache synchroni zati on across dozens or even hundreds of G aphics
Processing Units (GPUs) in ME architectures, an ultra-high-
throughput, ultra-low |l atency Al scal e-up network (SUN) that can
efficiently distribute data across all network planes is critical
Thi s docunent describes how to extend the Wi ghted Equal - Cost Milti -
Pat h (WECMP) | oad- bal anci ng nechanism referred to as Fully Adaptive
Routi ng Et hernet (FARE), which was originally designed for scal e-out
networ ks, to scal e-up networKks.
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The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 21 Novenber 2025.

Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunment authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunment. Code Conponents
extracted fromthis docunment nmust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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I nt roduction

The M xture of Experts (MdE) has becone a donminant paradigmin
transformer-based artificial intelligence (Al) |arge | anguage nodel s
(LLM5). It is widely adopted in both distributed training and
distributed inference. Furthernore, the di saggregation of the
prefill and decode phases is highly beneficial and is considered a
best practice for distributed inference nodels; however, this
approach depends on highly efficient Key-Value (KV) cache
synchroni zati on.

To enabl e efficient expert parallelization and KV cache
synchroni zati on across dozens or even hundreds of G aphics Processing
Units (GPUs) in ME architectures, an ultra-high-throughput, ultra-

| ow| atency Al scal e-up network (SUN) is indispensable. This network
serves as the interconnection fabric, allowing GPUs to function as a
uni fied super GPU, referred to as a SuperPod. The scal e-up network
is fundamental for efficiently transporting substantial vol umes of
communi cation traffic within the SuperPod. It includes 1) all-to-al
traffic for Expert Parallelism (EP) comunication, enabling experts
runni ng on GPU servers to exchange informati on seam essly, and 2)
all-reduce traffic for Tensor Parallelism (TP) comunication

ensuring consi stent tensor val ues across GPUs during training and

i nf erence.
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Figure 1

(Note that the di agram above does not include the connections between
GPUs and | eaf switches. However, it can be assuned that GPUs are
connected to every leaf switch in the above one-tier scal e-up network

t opol ogy.)

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 QSFP112
ports). To achieve inter-GPU bandw dths of several terabits per
second (Tbps) or higher, each GPU is typically equipped with nultiple

et al. Expi res 21 Novenber 2025 [ Page 3]



I nternet-Draft FARE in SUN May 2025

Xu,

scal e-up network ports (e.g., four 800 CGops OSFP ports). FEach port
connects to a separate scale-up leaf switch via Y-cables, formng
four distinct network planes.

I'n such nulti-plane scal e-up networks, achieving ultra-hi gh bandw dth
and ultra-low | atency 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 nmust inmrediately cease. |f one 400G
sub-cabl e of a given 800G Y-cable mal functions, halving the bandw dth
of the affected plane, traffic on that plane between the rel evant GPU
pair should be proportionally reduced. Second, incast traffic
patterns inherent to all-to-all communicati on nmay cause congesti on on
the egress ports of a last-hop switch; therefore, a nore efficient
congesti on managenent nechani smis required.

Thi s docunent describes how to extend the Wi ghted Equal - Cost Mul ti -
Pat h (WECMP) | oad- bal anci ng nechanism referred to as Fully Adaptive
Routing Ethernet (FARE) in [I-D.xu-idr-fare], which was originally
desi gned for scal e-out netowks, to scal e-up networks.

Ter mi nol ogy
This menmo nmakes use of the terns defined in [ RFC2119].
Sol uti on Description

Each pair of GPUs establishes multiple Renpote Direct Menory Access
(RDMA) Queue Pairs (QPs) for data transm ssion by using the | oopback
addresses of the GPUs. Note that upper-|ayer adaptations can enable
menory semantic operations (load/store/atonic) based on RDVA nessage
semantics. However, inplenmentation details are beyond the scope of
this docunent.

By acting as Border Gateway Protocol (BGP) speakers, GPU servers
exchange BGP routes with connected switches of different planes
(e.g., advertising the reachability of their |oopback addresses).
This allows servers to obtain route reachability and avail able path
bandwi dth i nformation for each destination GPU, enabling WECMP | oad
bal anci ng across nmultiple planes.

O course, sone data-plane health check mechani sms running directly
bet ween GPUs, spanni ng each network plane, could be | everaged to
speed up route convergence, especially in cases where a network plane
i s broken.
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Per - Fl ow Wei ght ed Load Bal anci ng

For per-flow wei ghted | oad bal ancing, a m ni num of one QP per sub-
port must be established across each network plane between a given
pair of GPUs. Each QP utilizes a unique UDP source port to
differentiate traffic flows. For exanple, if a physical port is
divided into msub-ports and there are n distinct network planes
(where n 1), at least m x n QPs nust be instantiated—one QP per
sub-port per plane—to ensure proper flow distribution across al
avai |l abl e paths. Consequently, the traffic between each pair of GPUs
i s bal anced across all avail able network planes (a.k.a., Qs bound to
those network planes) according to the path bandw dth val ues
associated with those network planes. |In addition, the traffic
distributed to a given network plane (a.k.a., QPs bound to that
network plane) is further evenly distributed at the QP granularity
across available links connected to that network plane by the source
GPU server.

GPU servers could utilize a connection tracking table—a technique
commonly used in Server Load Bal ancer (SLB) systems—to inplenent per-
fl ow wei ghted | oad bal anci ng. When the path bandwi dth of a route via
a specific network plane to a destination GPU degrades—due to events
such as network plane failures or partial |ink outages—existing Queue
Pairs (QPs) traversing unaffected planes retain their established
forwardi ng paths. Meanwhile, the source GPU nust release all or a
subset of (QPs associated with the affected network plane, adjusting
their usage in strict accordance with updated wei ght val ues that
reflect the reduced capacity. Conversely, when path bandwidth via a
previ ously degraded network plane recovers—such as after failed |inks
or planes are restored—the source GPU reinstates all or a subset of
Qs traversing that plane. This reestablishnent is performed in
alignment with the revised wei ght val ues, which now reflect the

i ncreased avail abl e bandwi dth, ensuring optimal traffic distribution
across all operational network paths.

The expiration timer for connection tracking entries can be
configured based on the traffic characteristics of collective
communi cati ons, such as periodic burst patterns. For exanple,
entries corresponding to QP can expire during the interval between
consecutive bursts. This ensures that each batch of data transferred
between GPU pairs is distributed according to the current weight

val ues of avail abl e pat hs.

The switch within each network plane should perform per-flow | oad
bal ancing as well to ensure ordered packet delivery for all QPs.
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Per - Packet Wi ghted Load Bal anci ng

For per-packet weighted | oad bal ancing, all QPs established between a
pair of GPUs nust support di sordered packet delivery (e.g., via the
Direct Data Placenent nechani smas described in [RFC7306] .)
Simlarly, the traffic between each pair of GPUs is bal anced across
all avail abl e network planes according to the path bandw dth val ues
associated with those network planes. 1In this node, a single QP per
net wor k pl ane between a given GPU pair suffices, with packets sprayed
evenly across all available |inks connected to that network plane by
the source GPU server.

The switch within each network plane coul d perform per-packet | oad
bal anci ng since di sordered packet delivery is acceptable for all QPs.

Acknowl edgenent s
TBD.
| ANA Consi derati ons
TBD.
Security Considerations
TBD.
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