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Abstract—Large language models are increasingly post-trained
with reinforcement learning across geographically distributed
datacenters. In each round, gigabytes of model weights need
to be sent from the trainer to multiple inference workers — a
classic multicast for which performance needs to be maximized.
Despite over two decades of research on maximizing overlay
multicast throughput, existing work focused on individual aspects
of the solution space, such as tree construction, coding, or
overlay transport. In this paper, we present Spring, a complete
system design and implementation that incorporates state-of-the-
art point solutions: a conceptual-flow planning target, explicit tree
packing, RaptorQ as a fountain code, and a tailored fountain-
coded overlay transport. Spring is implemented in Rust so that
it is highly performant, yet is wrapped in a convenient Python
API for RL workloads. In a Qwen3-8B transfer involving seven
geographically distributed workers, Spring delivers a 16.39 GB
update at 1212 Mbps, compared with 431 Mbps with Cloudcast,
a recent cost-optimized solution.

I. INTRODUCTION

With the ubiquity of large language models (LLMs), it has
become imperative for large corporations and small enterprises
alike to post-train these models with private data on leased
GPU clusters. The prevailing post-training paradigm is rein-
forcement learning (RL), which has fueled much of the recent
meteoric rise in LLM capabilities, especially in mathematics
and coding [1]–[3].

Training an LLM using RL, however, is prohibitively costly
in GPU compute: it utilizes synthetic rollout generators and
iterative policy updates to improve a model’s reasoning capa-
bilities, which requires a large number of inference workers
and a trainer to run in a collaborative fashion. In a typical
RL training workload, the trainer periodically produces a new
policy version, serialized into a model artifact that is broadcast
to the inference workers over the network.

As it is less cost effective to lease a large amount of GPU
compute in a single datacenter, it has been a recent indus-
try trend — exemplified by Prime Intellect’s INTELLECT-
2 [4] — to run geographically distributed RL post-training
workloads that span multiple regions, communicating with
one another over a wide-area inter-datacenter network. As
all inference workers run independently of each other once
they have the same policy version, such RL post-training
workloads are inherently parallelizable without an inter-worker
communication bottleneck, unlike conventional pretraining or
supervised fine-tuning workloads.

Despite such inherent parallelism between inference work-
ers, the trainer still needs to broadcast its updated model
weights to all inference workers. A large amount of data —

easily in the order of hundreds of Gigabytes for modern LLMs
— still needs to be broadcast between the trainer (as the
sender) and the inference workers (as the receivers) [1], [5].
This broadcast sits on the critical path of on-policy workloads:
inference workers cannot generate rollouts for a new policy
version until its weights arrive, and at wide-area rates a multi-
gigabyte update idles them for minutes per training round.
Given known link capacities over the inter-datacenter network,
the problem of maximizing the throughput between the trainer
and inference workers is a classic problem of maximizing
multicast throughput over overlay networks with link capacity
constraints, which has been thoroughly studied in theory over
the past two decades [6]–[9].

Unfortunately, implementing two decades’ worth of solu-
tions on overlay multicast into a working system for geo-
distributed RL is far from straightforward. Existing pieces of
related work typically provided point solutions in a multi-
dimensional solution space: one line of work focused on
tree construction, another on coding, and perhaps a third
on transport protocols. As examples, conceptual-flow formu-
lations reason about the maximum multicast throughput on
an overlay, while tree-packing methods turn capacity into
multiple multicast structures [6]–[10]. Further, fountain codes
such as RaptorQ [11] provided the foundation for moving data
across relays in a loss-resilient fashion.

We argue that it is not enough to know that the maximum
achievable multicast rate can be characterized in theory, or
that a good erasure code exists, or that a relay overlay can
forward packets. We need an integrated, complete, and highly
performant system design: from planning checkable multicast
trees, to sending RL policy updates reliably and reacting to
slow links. The formidable challenge is to build a real-world
system that actually works well for real-world RL workloads.

In this paper, we present Spring, a multicast substrate as a
service for geo-distributed RL post-training. Spring represents
a new, end-to-end system implementation of state-of-the-art
point solutions in Rust, built upon Nextmini, a general-purpose
networking research framework [12]. As Fig. 1 shows, the
trainer and inference workers access the service through a
Python API. Internally, Spring separates control-plane plan-
ning from data-plane execution: the control plane coordinates
directed probes among participating nodes and collects the
reported rates in a capacity matrix. From this matrix, it obtains
a multicast-rate upper bound from conceptual flows [9] and
uses that bound as its planning target. It then searches for
a receiver-covering tree family and checks that the returned
family attains the target within the measured capacities.979-8-3195-0662-7/26/$31.00 ©2026 IEEE
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