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Abst r act

Large Language Mddel s (LLMs) have been widely used in recent years.
The M xture of Experts (MdE) architecture is one of the features of
LLMs that enables efficient inference and cost-effective training.
Wth the MoE architecture, there are potential multicast use cases
such as tokens dispatching. This draft attenpts to anal yze these use
cases.
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1. Introduction

In recent years, |large | anguage nodel s (LLMs) have been wi dely used.
M xture of Experts Moddel (MdE) is one of the functions of LLMto
achi eve efficient inference and economical training. Many LLM
currently adopt the MoE architecture, such as DeepSeek-V2/V3, Google
Gemini 1.5 Pro, xAl Gok-1, Mstral 8*22B, Qwen3, etc. During

i nference, ME only activates a snall nunber of paraneters to

det ermi ne each out put token, which significantly reduces the anount
of conputation required by the processor, thereby reducing the
overal |l computational requirements. Therefore, the fewer parameters
are activated, the | ess conputation the processor needs to perform
In the MbE architecture, one token needs to be sent to nultiple
experts, which is a typical nulticast use case.

In most LLMs, two experts are activated during the conmputation: one
is arouted expert and the other is a shared expert. |n DeepSeekV3,
one token activates eight routed experts and one shared expert.

When all activated experts are located on a node with rmultiple GPUs
installed, only intra-node comunication is required. Wen activated
experts are located on different nodes, inter-node comrunication is
required. Due to the bandwi dth difference between intra-node and

i nter-node scenarios, comunication across |eaf sw tches and even
spine switches is inevitable.

This draft analyzes the nulticast use case of LLMin data centers.
1.1. Requirenents Language
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].
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2. Use case - tokens dispatching
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Figure 1
During the pre-filling and decodi ng phases, tokens need to be sent to

all selected experts, including routed experts and shared experts.
The t okens dispatching can be intra-node or inter-node. Different
LLMs use different nunbers of experts. For exanple, Mxtral uses 8
experts and activates 2 experts at a time; LlaMa 4 uses 16 experts
(Scout) or 128 experts (Maverick), and activates 2 experts at a tine;
DeepSeekV3 uses 256 experts and activates 9 experts at a tinme. The
nore routed experts there are, the nore distribution there is between
nodes. |In order to balance the experts, it is difficult tolinmt the
nunber of experts to one node even if only two experts (one routed
expert and one shared expert) are used.

The tokens di spatching can be optim zed. For exanple, in DeepSeekV3,
LLMfirst selects the node group and then selects the expert fromthe
node. By inplenenting the node restricted routing function, a

maxi mum of four nodes are selected to reduce the inter-node
consunption of tokens dispatching. |In addition, in order to naximze
the usage of the high intra-node bandwi dth, after the switch or GPU
in the node receives the tokens, the switch or GPU needs to
distribute the tokens to the experts in the same node. This
optinmization ains to reduce the inter-node distribution, but it
cannot avoid multicast between nodes.
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Therefore, the use of nulticast nmay be intra-node or inter-node. The
existing nulticast inplenentation methods are different in intra-node
and inter-node scenarios, and nulticast nmanagenment is nmore difficult.

2.1. Intra-node nulticast

When tokens need to be sent to multiple GPUs in the sanme node, the
GPU or the switch connected to the GPU may send the tokens in a

mul ticast manner. This requires the switch or GPU to support the

mul ticast function. This function can reduce the conputationa

burden of the source GPU and reduce the bandw dth consunption between
nodes.

2. 2. I nt er-node nul ti cast

When tokens need to be sent to nultiple nodes, Leaf sw tches and even
Spi ne switches need to forward tokens. Due to the linmtation of

i nter-node bandwi dth, the nore packets there are, the greater the

ri sk of congestion. Using multicast technol ogy can reduce the burden
on the source GPU and reduce the risk of congestion

3. Milticast technol ogi es anal ysis

Prot ocol | ndependent Miulticast - Sparse Mdde (PIMSM [RFC7761] is a
traditional multicast technology. It relies on PIMsignaling to
build the nmulticast tree. When the receivers change, the multicast
tree may need to be rebuilt. Wen PIMis used for intra-node or
inter-node nmulticast, the stability of the nulticast tree is nore
important. It nay not be applicabl e when the expert conbination is
flexible. Even in the intra-node scenario, the nunber of potential
mul ticast trees may be large despite the limted nunber of GPUs in a
si ngl e node.

BIER (Bit-Indexed Explicit Replication) [RFC8279] is an architecture
that provides optimal multicast forwarding through a "multicast

domai n", without requiring internediate routers to maintain any per-
flow state or to engage in an explicit tree-building protocol. BIER
is nore flexible than PIM Experts can be nunbered and can act as
ingress or egress BFRs in BIER Bl ER header encapsul ati on can be a
function defined in [RFC8296], [I-D.ietf-bier-bierin6], or

[1-D. zzhang- bi er-unmasked-bi er]. By using the BIER function, Leaf
and Spine switches, and even GPUs or swi tches connected to GPUs, can
pre-buil d expert-based forwarding tables. tokens can be sent to any
sel ected expert.

O her multicast nethods, such as PIM DM (dense node) and ingress

replication, may consune nore bandwi dth and may not be a good choice
for multicast scenarios such as LLM tokens dispatching.
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6.

6.

1.

2.

Wil e the network layer can provide multicast capabilities for

mul ti cast scenarios such as tokens dispatching, the multicast
approach needs to work in conjunction with the LLM software. It may
work in conjunction with the inplenentation of collective

conmuni cation and NIC (network interface card).

I ANA Consi derations
There are no | ANA consi deration introduced by this draft.
Security Considerations
There are no security issues introduced by this draft.
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