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Abst ract

This Internet-Draft specifies a conprehensive framework for mapping
service flow characteristics to network nodal resources in nulti-
modal intelligent conputing networks. It introduces the use of the
ALTO protocol for collecting service flow data and | everages an SDN
architecture to separate control and data planes. The ALTO protoco
facilitates the acquisition of diverse network state infornmation,

i ncluding data from several SDN domai ns and dynani ¢ network
environments, directly fromcontrollers while keeping the provider’s
internal details confidential. It then transmts the controller’s
deci sions using a proven nethod. The docunent details methods for
characteristic identification, intelligent mapping, and continuous
optinization, enabling dynam c resource allocation and inproved
networ k performance. The framework is designed to support scal abl e,
efficient, and secure operations in environnents wth conpl ex network
| oads and di verse service requirenents.

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 docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents 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 17 October 2025
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1. Status of This Meno

This Internet-Draft is submitted in full conformance with the
provisions of BCP 78 and BCP 79. Internet-Drafts are working
docunents of the Internet Engineering Task Force (I ETF). Note that
ot her groups may al so distribute working docunents as Internet-
Drafts. The list of current Internet-Drafts is available at
https://datatracker.ietf.org/drafts/current/. Internet-Drafts are
draft documents valid for a maxi num of six nonths and may be updated,

repl aced, or obsol eted by other docunents at any tine. It is
i nappropriate to use Internet-Drafts as reference material or to cite
them other than as "work in progress.” This Internet-Draft will

expire on 17 August 2025
2. Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved. This docunent is subject to
BCP 78 and the I ETF Trust’'s Legal Provisions Relating to | ETF
Docurents (https://trustee.ietf.org/license-info) in effect on the
date of publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunent. Code Conponents extracted fromthis docunent nust

i ncl ude Revised BSD License text as described in Section 4.e of the
Trust Legal Provisions and are provided wi thout warranty as descri bed
in the Revised BSD License.

3. Introduction

This standard ainms to provide a conprehensive and systematic

speci fication for mapping service flow characteristics to network
modal resources in multi-nodal intelligent computing networks. By

i ntroduci ng the ALTO protocol to collect service flow characteristic
data and adopting an SDN architecture that separates the contro

pl ane fromthe data plane, this standard supports the creation of
stabl e and efficient mapping tenpl ates between application service
fl ows and nodal resources

4. Scope

Thi s standard applies to designers, devel opers, and operators of

mul ti-nmodal intelligent computing networks, particularly those

requi ring handling of conplex network | oads, computing resource
demands, and data transm ssion efficiency in vertical industries. It
defines nmethods for extracting critical service flow characteristics
fromapplications and achi eving effective mappi ng to network nodal
resources based on these characteristics.
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5.

Zhu

Terns and Definitions

Intelligent Conmputing: Al-oriented computing capabilities for
training and executing Al nodels.

Mul ti-Mdal Intelligent Conputing Network: A network integrating
multiple nodalities to serve diverse application scenarios, with
computing as the core and network as the foundation

Service Flow. A continuous data transm ssion process generated by an
application or service, including unidirectional (e.g., client-server
requests) or multi-directional interactions (e.g., video

conf erenci ng) .

Service Flow Characteristics: Metrics describing application

behavi or, including throughput, |atency, packet |oss rate, CPU GPU
utilization, and storage capacity usage across three dinensions:
storage, network forwarding, and conputi ng.

El astic Perception Feature Vector: A scal able vector representation
dynamical ly adjusting granularity to characterize nulti-dinensiona
service flow characteristics for flexible resource allocation

Net work Modality: A specific network type or configuration optinized
for functions such as high bandwi dth, |ow | atency, or concurrency.

Mbdal Resource: Basic units constituting multi-nodal networks (e.g.,
conputi ng nodes, sw tching devices).

Feat ur e- Modal Mappi ng Mechani sm A technical framework for matching
service flow characteristics with optimal nodal resource
combi nati ons.

Abbr evi ati ons

SDN: Sof t war e- Def i ned Net wor ki ng
ALTG Application-Layer Traffic Optimzation Protoco

Overvi ew
Thi s standard addresses challenges in nmulti-nodal intelligent
computi ng networks, including dynam c workl oads, heterogeneous

service requirements, and frequent resource state changes. Key
obj ecti ves:
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Zhu

Characteristic ldentification: Use Al algorithns (e.g., graph
mat chi ng, reinforcement |earning) to anal yze service flow
characteristics.

Intelligent Mapping: Build an SDN ALTO based framework for
dynani ¢ resource all ocation.

Conti nuous Optim zation: |Inplenment feedback |oops to refine
configurations based on real-time nonitoring.

Architecture

The architecture design refers to[ SDN ALTO MPTCP]. The architecture
comprises four |ayers:
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Figure 1
8.1. Infrastructure Layer

Provi des hardware resources (conputing nodes, sw tches) to support
feature extraction and configuration.

Zhu Expires 17 COctober 2025 [ Page 6]



I nternet-Draft Servi ce Fl ow Mappi ng April 2025

8.2. Data Collection Layer
Collects real-time nmetrics: network topology, traffic distribution,
link atency, CPU GPU utilization, and storage |I/QO  Supports
pol I'i ng/ event-driven nmechani sns via SNMP, NetFl ow, etc.

8.3. Data Processing Layer
Constructs service feature topol ogy graphs using adjacency matrices.
Nodes represent conputing/storage netrics; edges represent network
forwarding netrics. Enploys distributed stream processing and graph
dat abases.

8.4. Analysis & Optimzation Layer
Perforns deep anal ysis using graph neural networks and reinforcenent
learning to identify optim zation strategies (e.g., topology
adj ustnents, | oad bal anci ng).

9. Service Feature-Network Mdal Mapping

9.1. Service Feature Definition
Defined as three vectors:
* Storage: Node-level netrics (e.g., disk 1/0).
*  Network Forwardi ng: Link-level netrics (e.g., |atency).
*  Conpute: Node-level metrics (e.g., CPU utilization).

9.2. Mbodal Definition

A three-dinmensional tensor: {Service Capability, Controllable
Resources, Qperational Logic}.

9.3. Mapping Workfl ow
The mappi ng wor kfl ow consi sts of:

1. Feature Extraction: Collect real-tine netrics across storage,
comput e, and network di nmensi ons.

2. Topol ogy Construction: Cenerate feature graphs with node/edge
attributes.

3. Mddal Matching: Align service features with nbdal resources using
gr aph- mat chi ng al gorithns.
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4. Optimzation: Adjust configurations (e.g., path rerouting, |oad
m gration).

5. Feedback: Continuously nonitor performance and update nmappi ng
rul es.

Techni cal Requirenents:

* Use distributed optim zation franeworks for real-tinme
coordi nati on.

* Apply reinforcenent |earning for adaptive decision-naking.
Security Considerations

The transm ssion control nodel enployed in this docunent relies on
the default security nechanisns provided by SDN and ALTO protocols.
This draft does not alter the default encryption and authentication
nmodel s as specified in [ RFC7149], [RFC7285], [RFC7286] and [ RFC7971].
Therefore, the overall security of the service flow mappi ng system
depends on the secure configuration and proper deploynent of these
under | yi ng protocols.

I ANA Consi derations

This menmo i ncludes no request to | ANA
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