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Abst ract

Thi s docunent defines a "Semantic-Driven Shapi ng Contract".
Traditional network protocols treat Al training and inference traffic
as opaque byte streans, leading to highly inefficient scheduling.
This contract allows applications or distributed training franeworks
to explicitly pass "mininumnecessary senantics" to the underlying
network. In exchange, the network commts to executing fine-grained,
differentiated forwarding and resource allocation actions for tensor
flows with diverse semantics, based on predefined rules and gl oba
real-tine states. This nodel significantly inproves overall resource
utilization and task conpletion tinmes in heterogeneous conputing

net wor ks, cross-domain intelligent conputing centers, and integrated
traini ng-i nference scenari os.

Status of This Meno

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

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

wor ki ng docunents 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 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 2 Septenber 2026.

Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents (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 docunent. Code Conponents
extracted fromthis docunment nust 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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1. Problem Statenment: Limitations of Existing Network Mechani sns

In the era of large Al nodels, the "inportance" of traffic
dynanmically shifts with the nodel’s phase and exhibits a high degree
of conputability. Existing traffic control and Quality of Service
(QS) mechani sms suffer fromfundamental flaws in this context:

* *Coarse QS Granularity and Invalid Inplicit Assunptions:*
Traditional QoS assunes that traffic within the sane cl ass has
negligi bl e variance and its inportance remains stable at the
session |level. However, in Al scenarios, QS fails to
differentiate between "early-layer activations" and "l ate-I| ayer
activations," nor can it distinguish between the "KV Cache of
early tokens" and "tail tokens."

* *Static and Inconputable DiffServ Semantics:* Differentiated
Services (DiffServ/DSCP) rely on static markings that the network
blindly executes. It cannot express dynam c conputing semantics,
such as "this flowis quantizable during congestion,” "this flow
tolerates a 5ns store-and-forward delay," or "this flow requires
absol ute preenption.™
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*Passi ve and Di nensi onl ess ECN Feedback: * Existing Explicit
Congestion Notification (ECN) nechani sns operate on the assunption
that "end-systens know best how to respond to congestion" and that

"rate reduction is the only correct response.” It possesses zero
under st andi ng of conputing semantics, treating activations,
gradi ents, bl ocking, and non-bl ocking operations equally. 1In Al

i nference, the correct response to congestion is often "precision
degradation (quantization)" or "prioritizing the draining of
critical tensors,” rather than blind rate reduction

Cross-Domai n Amplification of Chall enges

In cross-domain intelligent conputing networks characterized by
mul ti-tasking, nulti-tenancy, and integrated training and inference,
the aforementioned flaws are severely anplified:

*

*Ti me-scale Msmatch:* Cross-donmain Round-Trip Tinmes (RTT) reach
the mllisecond | evel, easily exceeding the "effective val ue

wi ndow' of sensitive tensors like |late-layer activations. The
net wor k MJUST make differentiation and routing decisions

i nst ant aneously during forwarding; post-facto congestion contro
feedback is entirely ineffective.

*Resource & Path Asymretry:* Cross-domain |links are scarce, high-
cost resources. Delay-tolerant and conpressible internediate
activations absolutely MJST NOT conpete equally for cross-domain
bandwi dth with critical gradients that require i medi ate delivery.

*Ti ght Conput e- Network Coupling:* Traffic steering is no |onger
merely about "delivery to a fixed destination." 1t requires
dynani ¢ sel ection based on conpute heterogeneity (e.g., local GPU
vs. renote FPGA). A |lack of semantic understanding leads to a
severe m smatch between conputing power and network resources

The Semantic-Driven Mappi ng Loop: The Contract

The core of this draft is to establish a closed-1oop nmapping
mechani sm from "application-layer semantic input" to "network-side
action conm tnent."

Senmantic Information Model (Metadata Model)

The application |ayer MJUST expose "exchangeabl e Semantic Metadata" to
the network. Based on the conmonalities and specifics of training
and inference tasks, this is categorized as foll ows:
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*Traffic Cass:* Explicitly identifies the data type (e.qg.,
Activation, G adient, KV Cache, Paranmeter, Coll aborative State
Synchr oni zati on).

*Urgency & Dependency:* Provi des coarse-grai ned dependency hints
(e.g., Early-token vs. Late-token) and the current |ayer or stage
of the nmodel (Layer ID/ Pipeline Stage).

*Tol erance & Sensitivity:*

- *Fidelity/Accuracy Sensitivity:* |Indicates whether in-network
| ow preci sion quantization is pernitted.

-  *Loss/Latency Tol erance: * Indicates whether the flow pernits
buffering (store-and-forward) or dropping.

*Conpute Affinity:* Indicates the preferred characteristics of the
under|ying computing power (e.g., GPU, FPGA, CPU, or specific
operat or accel erati on hardware).

Network Policy / Action Set

Upon receiving the aforenmenti oned semantics, network nodes with
gl obal state awareness can execute a set of policies that transcend
traditional routing:

*

*Queueing / Scheduling:* ldentifies flow states to guarantee
absol ute preenption for highly tinme-sensitive traffic.

*Buffering / Store-and-forward:* Utilizes the storage resources of
network devices to tenmporarily delay flows with high | atency
tolerance (e.g., large-block parameter pulls); it also inplenents
cache nmultiplexing for inference requests fromdifferent users,
directly optimzing hardware throughput wi thout altering the nodel
structure.

*Shaping & I n-network Quantization:* Triggers in-network | ow
preci sion quantization and sparsity strategi es during congestion,
rather than relying on sinple packet dropping.

*Steering:* Intelligently guides task flows to the nobst
appropri ate heterogeneous conputi ng nodes based on Conpute
Affinity.
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Ext ended Use Case: Top-K Routing Semantics for ME Architecture

For dynanic conputing architectures |ike M xture-of-Experts (ME),
this contract supports the definition of nore conplex routing
nmet adata for intelligent scheduling in the network data pl ane:

*  *NMbdel Router Metadata:* Carries Token ID/ Query vector
summari es, Top-K candi date expert |ists, weights/confidence
| evel s, and positional markers (Token_pos).

* *System State Semantics:* Network nodes naintain real-tinme nmetrics
for each expert node, including backlog queues, conputing | oad,
network | atency, and bandwi dth utilization.

By matching these two semantics, the network can instantaneously
determ ne which Expert node with the lightest | oad should receive the
Token flow at the nonment of forwarding.

Depl oynment Consi derati ons
Deci si on Location: Wy In-Network?

Conpared to edge devices (GPUs/ NI Cs) that only possess | ocal queuing
i nformation, in-network nodes (e.g., Core/Spine Switches) nmaintain a
gl obal perspective. The network can perceive concurrent multi-tenant
tasks and real -time multipath congestion states. Crucially, it can
make i medi ate decisions to buffer, slice, or reroute cross-domain
traffic before it enters high-cost bottleneck |inks.

RDMVA / RoCEv2 | ntegration

Intelligent computing centers rely heavily on RDMA. The Semantic
Header defined in this contract will be designed as Extensi on Headers
for RoCEv2/ UDP packets, or carried using specific reserved fields.

Thi s enabl es supporting hardware (such as the FPGA and parsing
pipelines in the IntelliNode architecture) to extract metadata and
execute policies at line rate (e.g., 400Gops).

Security Considerations

To ensure the integrity of the Semantic-Driven Shaping Contract, the
syst em MJST:

* *Aut hentication and Anti-Spoofing:* Prevent malicious tenants from

tanmpering with the Urgency |l evel or forging network states to
unfairly preenpt high-priority queues.
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7. 1 ANA Consi derations
Thi s docunent requests that | ANA al |l ocate specific protocol numbers
or RoCEv2 option type spaces for the Al Semantic Header to facilitate
st andar di zed depl oynent.
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