Net wor k Wor ki ng Group M Tayyeb
Internet-Draft Vi Youna
I ntended status: |nformational May 29, 2026
Expi res: Novenber 30, 2026

A Fabric Coordination Layer (FCL) for H gh-Scale Al Training:
Distributed Credit-Orbit Pacing (DCOP) and G obal Token Ledger (GTL)
draft-tayyebi-fcl-dcop-gtl-00

Abstract

Thi s docunent specifies a Fabric Coordination Layer (FCL) designed to
stabilize data transm ssion in frontier-scale distributed conputing
fabrics. As Al training clusters scale to hundreds of thousands of
accel erators and |ink speeds exceed 800 Gbps, traditional reactive
congestion control nechani sns suffer from severe feedback-| oop

| atency. By allocating transm ssion authority via a d obal Token
Ledger (GIL) and enforcing it through Distributed Credit-Orbit Pacing
(DCOP), the FCL nmitigates incast-driven buffer overfl ows and
significantly reduces tail-latency variance, thereby maxim zi ng Mde
Flops Uilization (MU)
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1. Introduction

Modern Artificial Intelligence (Al) training workloads rely on

coll ective comunication patterns (e.g., Al-Reduce, All-to-Al) that
generate nmassive, synchroni zed data bursts. Traditional congestion
control mechanisns (e.g., ECN, PFC) are fundanentally reactive; they
respond only after congestion is detected.

As network speeds scale to 1.6 Thps and beyond, the physics of data
transport dictate that the "Time to Overflow' (T_overflow) for a



switch buffer is often shorter than the "Tine to Control™ (T_control)

required for a pause frame or congestion notification to traverse the

fabric. If T overflow <= T control, the fabric nust regulate injection
prior to transm ssion.

Thi s docunent introduces the Fabric Coordination Layer (FCL),
conmprising a G obal Token Ledger (GIL) and Distributed Credit-Orbit
Paci ng (DCOP), which shifts the paradigmfromreactive backpressure
to predictive, authority-based coordi nation

Ter mi nol ogy

o Fabric Coordination Layer (FCL): A control plane that converts
wor kl oad-| evel communi cation intent into enforceable transm ssion
authority.

0 dobal Token Ledger (GIL): A logically shared representation of
transm ssion authority across nodes, enabling dark capacity
har vesti ng.

0 Distributed Credit-Orbit Pacing (DCOP): A hardware-native contro
mechani smthat regulates transmission tining within the NI ¢ DPU
usi ng authority, queue state, and predicted denmand.

0 Determnistic Burst Volune (DBV): The predicted data vol une for
an upcom ng comruni cati on epoch or collective operation

0 Incast Collapse: A condition where highly correlated, synchronized
traffic fromnmultiple senders overwhel ms a single receiver’s port
buffer.

The Fabric Coordi nati on Layer Architecture
The FCL bridges upper-layer application intent with | ower-|ayer

physi cal constraints. It enforces a "Layered Authority Envel ope" to
ensure gl obal conservation of bandw dth.

| FABRI C-LEVEL AUTHORI TY ENVELOPE (Sum(Ai) <= Csafe)|
| dobal conservation limt enforced by FCL |

| TENANT / JOB ENVELCPE |
| Communi cation epoch or checkpoint isolation |

| NODE / NI C ENVELOPE |
| Permt, Delay, Stagger, Borrow, Reclaim Throttle

| QUEUE / FLOW ENVELOPE |
| Har dwar e-enforced paci ng ( DCOP) |

Figure 1: Layered Authority Envel ope
The FCL mat hematically guarantees that the sumof all active
transm ssion authorities (A) never exceeds the safe physica
absorption capacity (Csafe) of the fabric spine.

A obal Token Ledger (GIL) Specification

The GTL prevents incast by gl obally managi ng transm ssion tokens.



Unli ke traditional fair-share schedul ers, GIL enabl es asymretric
reallocation. During a collective Al-Reduce, a subset of nodes may
be comput e-bound whil e others are communi cati on-bound. The GIL
identifies idle nodes and tenporarily aggregates their unused
transm ssion capacity, lending it to active nodes to accelerate
epoch conpl etion w thout exceeding Csafe.

Distributed Credit-Obit Pacing (DCOP) Specification

DCOP serves as the enforcenment arm of the FCL, operating within the
physi cal hardware (ShartN C or DPU) to achi eve nanosecond-scal e
preci si on.

When a node’s |l ocal transm ssion demand exceeds its |ocal capacity,
DCOP queries the GIL. If capacity is available, DCOP triggers a
singl e-clock cycle Read-Mdify-Wite (RWY operation within the
NlC s SRAM This executes an atom c swap of credits fromthe GIL
Peer Map to the local Transmit Pipeline, allow ng burst rates that
safely exceed nominal link rates without relying on reactive drop
si gnal s.

Security Considerations

Because transmi ssion authority represents physical fabric bandw dth,
the GIL nust be secured agai nst token spoofing and unaut horized
harvesting. Inplenentations MJST utilize hardware-rooted
cryptographic signatures for inter-node authority transfers to
prevent malicious tenants from executing denial - of -service (DoS)
attacks via bandw dth starvati on.
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