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Abst ract

The increasi ng depl oynent of geographically distributed conmputing
infrastructures equi pped with heterogeneous conpute resources (e.g.,
CPU, GPU, nenory) has notivated new architectural approaches for
jointly optimzing task placenment and traffic steering. 1In

het er ogeneous conputi ng networ ks, tasks must be assigned to conpute-
capabl e nodes while respecting multi-dinmensional resource constraints
and network bandwi dth [imtations.

Thi s docunent presents a conceptual framework for Conpute-Aware Task
Pl acenent and Traffic Steering (CATPTS). The franework nodels a
computing network as a directed graph containing conput e-capabl e
nodes and forwarding-only nodes. Task execution |ocation selection
and two-stage traffic steering are jointly optimzed under |ink
bandwi dt h and mul ti-di mensi onal conpute capacity constraints. The
objective is to achieve global |oad bal anci ng across conmpute and

net wor k resources.

Thi s docunent defines the architectural principles, conceptual nodel,
term nol ogy, and optim zation formul ati on underlying such systens.
It does not specify protocol nmechanisns.

About Thi s Docunent

This note is to be renoved before publishing as an RFC

Status information for this docurment may be found at
https://datatracker.ietf.org/doc/draft-luan-cats-catpts/.

Di scussi on of this docunent takes place on the Conputing-Aware
Traffic Steering Working Group mailing list (mailto:cats@etf.org),
which is archived at https://mailarchive.ietf.org/arch/browse/cats/.
Subscribe at https://ww.ietf.org/milmn/listinfo/cats/.
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I nt roduction

Modern geographically distributed conputing infrastructures integrate
network transport and heterogeneous conpute resources. |n many
scenari os, tasks are generated at source nodes, processed at

i nt ermedi at e conput e-capabl e nodes, and deliver results to
destination nodes. Examples include Al inference pipelines, edge-
cloud col | aboration, and distributed data processing.

Traditional traffic engineering focuses on routing source-destination
flows. Traditional compute scheduling assunmes tasks are assigned

wi thin geographically centralized clusters. However, in
geographi cal ly distributed heterogeneous networks, task placenent
decisions directly affect network traffic patterns, and traffic
steering decisions affect network-w de conpute utilization

Therefore, task deploynent and traffic steering cannot be optinized
i ndependent | y.

Thi s docunment introduces a unified franmework in which
* Tasks sel ect execution nodes from candi date conput e-capabl e nodes.
* Task data flows consist of two stages:
- Input path: source node to execution node
- CQutput path: execution node to destination node
* Traffic may be split across multiple candi date paths.

* Both link bandwi dth and nul ti-di nensi onal conpute capacities are
constrai ned.

* The objective is to mininze maxi mum conpute resource utilization
(and optionally network congestion).
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2. Background and Architectural Motivation
2.1. Heterogeneous Compute Networks
Ener gi ng conputi ng networ ks contain:
*  Forwardi ng-only nodes
*  Conput e- capabl e nodes
* Het er ogeneous resource types (CPU, GPU, nenory, etc.)

These resources support distributed task execution rather than sinple
packet forwardi ng.

2.2. Coupling Between Task Pl acenent and Traffic Steering
Sel ecting a conmpute node for a task determ nes:
* Input traffic injected into the network
* Qutput traffic delivered to the destination
* Conpute resource | oad at the execution node

Task placement therefore changes the traffic matrix, while steering
deci sions determne feasibility under bandw dth constraints.

This coupling notivates joint optimzation.
3. Conpute- Aware Task Routing Franmework
3.1. Design Principles
* Joint Optimzation: Placenment and steering are sol ved together.

*  Two-Stage Flow Structure: Each task induces input and out put
flows.

* Ml ti-Di nensional Resource Awareness: Conpute nodes have vector
capaciti es.

* Load Bal anci ng Obj ective: Mnimze worst-case resource
utilization.
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4.
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H gh-Level Architecture

B - I e e T + | d obal
Conput e Coordi nati on

Plane | |-------mmmm i e o | | -

G obal resource abstraction (CPUGPU NPU) | | - Conpute-aware traffic
steering engine | | - Milti-domain policy & trust control |

R R + | Capability
Advertisement | +----------moom i oo
———————————————————————————————— + | Wde-Area Conpute Network
(Conpute DCN) | |II ----------------------------------
o m e e e e e e e e e e aa oo +

R e + | | | Regional Compute Center

A | | Regional Conpute Center B | | | |---------""-----"-"--------------
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L R R + ] | | Edge / Access Layer | | Edge
| Access Layer | | | |--------""""""“""“""“"“"-“"-""c-"-"----- | |------------
———————————————————— | 1 | | - Throughput-sensitive | | - Privacy-
sensitive | | | | - Latency-sensitive | | - Cost-sensitive | | |

o m e e e e e e e e eea oo +

e S R e
----------------------------------------------------- + | End Users

Net wor k Model

The network is represented as:
G=(V, B

Wher e:

* V. set of nodes

* E set of directed |links

* M conput e-capabl e nodes, subset of V
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* R forwarding-only nodes, subset of V

* Each link e has bandw dth capacity B[e]

* Each conpute node m has d-di nensional capacity vector (nj
6. Task Model

Each task i is defined by:

* Source node s_i

* Destination node d_i

* Conpute demand vector w._i

* |nput data size b_i[in]

*  Qutput data size b_i[out].

* Candi dat e execution node set Mi

Each task selects exactly one execution node fromM.i.
7. Resource Constraints
7.1. Link Capacity Constraint

For each link e:

Li nkLoad[e] is equal or less than B[e] * U ink][nmax]

VWhere U link][max] is a configurable utilization threshold.
7.2. Conpute Capacity Constraint

For each compute node m and resource di nension k:

Sum of assigned task demand in dinension k is equal or |ess than
A n[k] * Unode][max]

Where U node][nmax] is a configurable utilization threshold.
8. Optimzation Objective
M ni mi ze the naxi mum conpute utilization across all conpute nodes.

This corresponds to mnEfltax | oad bal anci ng.
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The framework may be extended to incorporate weighted trade-offs
bet ween conpute utilization and |ink congestion.

Applicability

This framework applies to:

*

Executi on nodes process application data.

Al inference distribution

Edge- cl oud col | aborati on

Di stributed accel erator networks

W de- area compute fabrics

Conput e-aware traffic engi neering

is particularly rel evant when:

Conmput e resources are heterogeneous

Tasks have nultiple candi date execution | ocations
Net wor k bandwi dth is constrained

Load bal ancing is required

Security Considerations

depend on:

*

Data | ocality requirenents
Adm ni strative domai n boundari es

Trust rel ationships

Thi s docunent does not define security mechani sns.

Ter mi nol ogy

COVPUTE- CAPABLE NCDE
node that can execute tasks and provides nulti-di nensional comnpute
resources.

A

FORWARDI NG- ONLY NCDE

A

node that forwards traffic but does not execute tasks.

2026

Pl acenent deci si ons may
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12.

TASK PLACEMENT:
Sel ection of an execution node for a task.

| NPUT PATH:
Route fromtask source to executi on node

OUTPUT PATH:
Route from execution node to destination

COVPUTE LOAD:

Aggregate resource utilization at a conpute node.

LI NK LQAD:
Aggregate traffic load on a link

M N- MAX LCAD BALANCI NG

March 2026

Optim zation objective nminimzing worst-case resource utilization
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