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Abst ract

Thi s docunent introduces IntelliNode, an in-network intelligent
schedul i ng nechani sm built upon the Conputing-Aware Traffic Steering
(CATS) framework. Modern |arge-scale Al training and inference
heavily rely on distributed heterogeneous clusters (GPU CPU FPGA) .
However, existing networks | ack awareness of tensor semantics,
trai ni ng phases, and het erogeneous conputing capabilities, leading to
hi gh comruni cation | atency, |ow resource utilization, and pipeline
stalls.

IntelliNode shifts away fromthe traditional passive scheduling
paradi gns that rely on probes and controllers. By bypassing
traditional paths and integrating FPGAs al ongsi de programmble Switch
ASICs, it constructs a rapid data-plane closed | oop of "Perception-

I nf erence- Deci si on- Execution”. This architecture perforns feature
extraction at line rate, |everages |ightweight prediction nodels to

i nfer short-term network behavior, and drives real-tinme heuristic
schedul i ng decisions (e.g., path selection, tensor slicing, and
compute matching). This docunent defines the four core functiona

| ayers and extension signaling that support this architecture, |aying
the foundation for an Al-native, scalable distributed computing

net wor k.

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 (IETF). Note that other groups nmay also distribute
wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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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

Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
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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I ntroduction

The CATS framework prinmarily addresses the sel ection of service

i nstances and conputing-aware traffic steering in general distributed
systens. However, when confronting | arge-scale Al training,
distributed inference, and heterogeneous conputing clusters, Al
wor kl oads exhibit traffic dynam cs on the order of microseconds to
m|liseconds, acconpanied by highly diverse tensor types (e.g.,

gradi ents, activations, parameters).

Traditi onal CATS nodels (control-plane deci sions conbined with
service-level steering) are inadequate for these next-generation
conmputing workl oads. Intelli Node proposes an extended architecture
deeply enbedded in the data plane. It not only natively processes
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RoCEv2 protocol senmantics but also transfornms the network froma
"passive data pipe" into an "active, conputing-aware coll aborative
engi ne".

2. Probl em St at enent

Appl yi ng exi sting network schedul i ng nechanisns to Al training and
het er ogeneous conputi ng networks reveals the foll owi ng fundanenta
limtations:

* Tensor Semantic Blind Spot: Existing nechanisns cannot distinguish
specific semantics within data streans, such as gradients,
activations, or parameter updates.

* Lag in End-to-End Feedback: Mechanisns |ike ECN m sinterpret
"passive feedback" as "active scheduling" and assune that "rate
reduction is the correct response.” This conpletely ignores the
conmputing senmantics in Al inference, where certain flows "cannot
sl ow down, but must wait or degrade precision."

* Excessive Control -Pl ane Deci sion Latency: Control -plane routing
updat es, which take hundreds of mlliseconds to seconds, cannot
handl e transi ent congestion or iterative bursts within a 1-5
mllisecond wi ndow.

* Conflict between |sonorphic Assunptions and Het erogeneous Reality:
In cross-domain conputing networks, node capabilities are highly
uneven (e.g., GPU FPGA hybrids). The network nust possess gl oba
state awareness to accurately nmatch conputing power with
conmmuni cati on workl oads rather than relying on isonorphic
computi ng assunpti ons.

3. Architecture

The Intelli Node architecture consists of four tightly coordinated
functional layers that perfectly align with CATS s abstractions for

i nformati on coll ection, decision engine, and steering plane. This
architecture fuses the capabilities of programmble switches, FPGAs,
and CPUs at the |local node, enabling a mcrosecond-|evel closed |oop
wi thout interrupting the packet forwardi ng path.

3.1. Feature Extraction Layer (Switch ASI Q)
Depl oyed on Tofi no-cl ass programmable switch ASICs, this |ayer
actively participates in RoCEv2 traffic nmanagenent. It maintains a

hi gh- per formance Queue Pair (QP) flow state nachine. The switch
collects and parses real-tine features at line-rate, including:
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* Basic Network Features: Ingress port, transmission rate, flow
size, queue depth, and link utilization

* Al Semantic Features: Tensor type (gradient / activation / nornal
traffic), tensor position within a batch/iteration, the stage of
t he nodel -paral |l el pipeline, and whether it is cross-node
gradi ent-sync traffic.

* Flow State Cl assification: The hardware identifies the flow s
current state as UNALLOCATED, SMALL_FLOW (del ay-sensitive/
control), LARCGE FLOW ( hi gh-bandw dth paraneter synchronization),
or DRAINING (tail-end flushing).

These features are extracted, normalized, and encoded at line-rate,
then witten into a high-speed featureFIFO to be sent directly to the
onboard FPGA. Sinultaneously, the pipeline incorporates real-tine
checksum updates and validation logic for nmutable fields in RoCEv2
(such as ECN and TTL markings) to ensure protocol |egitimacy.

State Prediction Layer (FP&Y)

The FPGA reads features fromthe featureFl FO and executes an ultra-

| ow | atency, |ightweight prediction nodel (e.g., State-G\N based on
Graph Neural Networks, linear regression, or heuristic nodels). This
| ayer focuses on predicting short-termnetwork and | oad states within
the next 1-5 mlliseconds (ns):

* Network State Prediction: |Inmnent congestion risks on swtch
ports and the avail abl e bandwi dth of candidate routing paths in
t he next wi ndow.

* Computing Load Prediction: The arrival time of the next batch of
periodic tensor traffic, and the probability of queui ng backl ogs
or pipeline stalls at the downstream GPU.

These forward-|ooking prediction fields serve as the core input for
t he subsequent schedul i ng engi ne.

Heuristic Scheduling Layer

The scheduling engine integrates the currently extracted Al semantics
with the predicted states output by the FPGA, approximating Pareto
Optimality am dst conflicting nulti-objective goals (e.g., conputing
| at ency vs. comuni cation overhead). The decision logic is based on

* Tensor type and structural priority.

* (Cperator dependency.
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* Het erogeneous conputing capabilities of target nodes.
* 1-5n8 network and congestion predictions.
The deci sion outputs (execution actions) include:

* Path and Priority: Qutputs the optimal path set. SMALL _FLOM are
prioritized based on arrival rate, while LARGE_ FLON dynanically
al | ocate bandw dth based on target conputing power using a
Wei ghted Deficit Round Robin (WDRR) policy.

* Tensor Slicing: Determines if tensor slicing is necessary,
defining the nunmber of slices and the independent routing path for
each.

* Miltipath Aggregation: Decides whether to enabl e data-pl ane
mul ti pat h aggregati on.

* I n-Network O floading: Decides whether to offload specific
operators (e.g., Sum Reduce) to in-network FPGAs or edge nodes.

Steering Pl ane

The output of the heuristic scheduling nust be applied to the entire
network data plane via a |ightweight signaling nechanism (potentially
as an extension to CATS-SR or CATS-Overlay):

* Control Plane Interface: Triggers the local CPU to update the
routing/forwarding tables, applying the latest policies to the
next batch of traffic automatically.

* Data Plane Labels / TLVs: Pushes extended Metadata TLVs carrying
tensor types, training phases, and conpute resource requests into
t he packet header.

* Fragment Routing Encapsul ation: Provides necessary Encapsul ation
information for traffic requiring Tensor Slicing.

Security Considerations

G ven that IntelliNode introduces granular TLV fields for tensor
semanti cs and active data-plane scheduling, the system MJIST:

* Provide integrity protection for TLV fields to prevent malicious

nodes fromtanpering with "Tensor Types" to preenpt high-priority
gueues.
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* | ntroduce encrypted control-plane channels for telenmetry and
confi guration.
* | nplenment authentication to prevent unauthorized nodes from
fal sely broadcasting their Conpute-Capability within the conputing
net wor k.

5. | ANA Consi der ati ons

Thi s docunent requests that | ANA all ocate new TLV types for Al-native
CATS depl oynents, including but not Iimted to:

*  TENSCOR_TYPE TLV

*  TRAI NI NG_PHASE TLV

*  COWPUTE_CAPABI LI TY TLV
*  PATH_PREDI CTI ON TLV
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