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Abst ract

Thi s docunent describes the use case of autonomic traffic nanagenent
inthe Artificial Intelligence Data Center (Al DC), including the
requi renents and two managenent mnechani snms, based on the distributed
nodel and the centralized controlling nodel. It proposed to use the
| ETF GRASP protocol for the information exchangi ng, resource

negoti ation, control signalling, and etc.
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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.

Thi s docunent may contain material from|ETF Docunents or |ETF
Contri butions published or made publicly avail abl e before Novenber
10, 2008. The person(s) controlling the copyright in sone of this
mat eri al may not have granted the I ETF Trust the right to allow
modi fi cati ons of such material outside the | ETF Standards Process.
Wt hout obtaining an adequate |icense fromthe person(s) controlling
the copyright in such materials, this docunent may not be nodified
outside the I ETF Standards Process, and derivative works of it may
not be created outside the | ETF Standards Process, except to fornat
it for publication as an RFC or to translate it into | anguages ot her
than Engli sh.

Tabl e of Contents

I ntroduction
Terminology . . . . . . . . . . . L Lo
Di stributed Autonom c Traffic Managenent Mechanismin Al DC
Traffic Orchestrati on and Managenent by Centralized Controllers
in AlDC .
Summary . . . . . ..
I ANA Consi derations .
Security Considerations
. References e e
8.1. Normative References
8.2. Informative References
Aut hors’ Addresses

bR
INFNIN

N O
00 00 00~

1. Introduction

Agai nst the sweepi ng backdrop of the artificial intelligence
technol ogy entering the "Large Mdel Era", the AIDC has energed as
the new bedrock of the digital econony. Wth the continuous
enrichnent of business scenarios in AIDCs, the |oads they bear show
significant dynam cs and conplexity. For exanple, during |arge-nodel
training, PB-level training data will be generated for high-frequency
i nteracti on between conputing nodes, and the proportion of east-west
traffic has increased from30%in traditional data centers to nore
than 80% Distributed inference services, on the other hand, need to
ensure | owl atency responses and have extremely high requirenments for

Jiang & Zhu Expires 18 June 2026 [ Page 2]



Internet-Draft auto-traffic-in-aidc Decenber 2025

the stability of traffic transmssion. |Its core mission has
fundamentally shifted fromtraditional general-purpose cloud
computing services to hosting the training and inference of nodels

with trillions of parameters. This fundanental transformation in
busi ness norphol ogy presents unprecedented and severe challenges to
the network architecture of AIDCs. In a massive cluster conposed of

tens of thousands of hi gh-perfornmance GPU cards, the network is no

| onger nerely a conduit for data transm ssion; it has becone a
critical conponent determ ning the overall efficiency ("Goodput") of
the conputing cluster. Unlike the massive volune of snmall flows
characteristic of internet traffic, Al training traffic exhibits
distinct features: significant periodic pul ses, extrenely high
bandwi dt h occupation, and extreme sensitivity to | atency and packet
loss. In typical scenarios of distributed training, such as Al -
reduce col |l ective conmuni cation, thousands of conputing nodes nust
conpl ete the exchange and update of mmssive gradients within a

m | 1isecond-|evel synchronization window. This instantaneous burst
of traffic often fills switch buffers instantly, creating extrenely
violent "mcro-bursts." For |ossless networks enpl oying RDMA ( Renot e
Direct Menory Access) protocols, any minute packet |oss or congestion
can trigger a PFC (Priority Flow Control) stormor retransm ssion
mechani sns, |eading to the stagnation of the entire training task and
resulting in the exorbitant waste of conputing resources.
Consequently, the AIDC inposes nearly harsh requirenents on network
stability, throughput, and response speed. This critical necessity
urgently calls for an automated traffic managenent nechani sm capabl e
of operating w thout human intervention and possessing mllisecond-

| evel response capabilities.

In the construction of current ultra-large-scale Al DCs, the design of
networ ki ng architecture directly determ nes the efficiency of
computi ng power scheduling and service bearing capacity. Anmpng
various architectures, Spine-Leaf and Fat-Tree topol ogi es have becomne
mai nstream choi ces due to their uni que advantages. Wile both have
their nerits, they also face distinct bottlenecks in traffic
managenent. The Spine-Leaf architecture is confronted with an

i nherent | oad bal anci ng dil enma, where uneven traffic distribution
across spine nodes may lead to bottlenecks in data transmi ssion
efficiency. The Fat-Tree topology suffers from significant
operational conplexity, primarily stemmng fromits nulti-Iayered
structure and the intricate configuration requirenents for |ink
redundancy and fault tol erance.

In sunmary, it can be concluded that traditional network nanagenent
nmodel s based on static planning and nanual operations are no | onger
adequate for coping with the dynamc and volatile traffic
characteristics of AIDCs. Therefore, building an autononic and
dynanic traffic planning and managenent nechani sm has becone the key
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to breaking the performance bottleneck of AIDC. Such mechani sns are
expected to enable networks to perceive their own operational state
in near real tine, react pronptly to transient traffic dynam cs, and
aut ononously nmake and adj ust control decisions accordingly.
Motivated by these requirenents, this docunment exam nes the use cases
of autononmic traffic managenent in Al DCs and di scusses two
representati ve nanagenent approaches: a distributed autononic
approach and a centralized controller-led hybrid approach. In both
cases, the Autonom c Networking architecture, along with a set of
aut onom ¢ network tools and protocols defined by the | ETF ANl MA
Wor ki ng Group, provides a robust foundation that enables self-
perception, self-configuration, self-optinzation, and self-healing.
In particular, the ANl MA GRASP[ RFC8990] can be extended to support

i nformati on exchange, resource negotiation, and control signaling
anong autononic entities.

2. Term nol ogy

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

3. Distributed Autonom c Traffic Managenent Mechani smin Al DC

Di stributed autonom c network technol ogy [ RFC3993] provi des a refined
automated traffic nmanagenent solution for AIDCs with its
characteristics of "decentralized control and autononous node

col laboration". As the core signaling protocol of autononic

net wor ks, GRASP boasts flexible goal-oriented interaction
capabilities. Through protocol extensions tailored to Al DC
scenari os, such as adding computing power status fields and |ink
quality parameter identifiers, it can span five key phases: topol ogy
awar eness, nulti-path exploration, resource negotiation and
reservation, traffic deploynment, and resource release. This can form
a standardi zed cl osed-| oop nanagenent nechani sm addressing the
compatibility and efficiency issues of autononmous inter-node
communi cat i on.

In the topol ogy awareness phase, each conputing node periodically
send extended GRASP di scovery nessages that contains its own
identity, conputing power status, network interface paraneters and
other information to surroundi ng devices. At the same tinme, the node
will receive and parse feedback nessages from ot her conputing nodes,
swi tches, and routers, quickly construct and update the |oca

"nei ghbor node list" inreal tinme, and clarify the avail abl e next-hop
conputing nodes and network devices in the current network, |aying
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the foundation for subsequent traffic scheduling. This process does
not require the intervention of a centralized controller, and the
node can update the topology information in mlliseconds, adapting to
dynani ¢ scenarios such as device plugging and unpl uggi ng and
tenmporary failures.

After the topol ogy awareness is conpleted, the node will start the
mul ti-path exploration process. Based on the locally stored topol ogy
information, the node will generate nultiple potential transm ssion
pat hs through intelligent algorithns such as Dijkstra's al gorithm or
ant colony optimzation algorithm conbined with real-tine indicators
such as link bandw dth, transm ssion delay, packet |oss rate, and
jitter. For exanple, when connecting to a target conputing node, it
will not only explore the shortest path of "local Leaf node - same-
area Spine node - target Leaf node", but also plan the redundant path
of "local Leaf node - cross-area Spine node - standby Leaf node",
ensuring rapid switching when the main path i s congested.

After the path is deternined, the node will conduct resource
negotiation with all switches and routers on the path by extended
GRASP nessages. The node will send resource request nmessages to
various network devices, specifying paraneters such as bandw dth and
queue priority required for traffic transm ssion. The network
devices will respond according to their current resource occupancy
(such as renunining bandwi dth and nunber of reserved queues). |If
resources are sufficient, they will return confirmation informtion
and | ock the correspondi ng resources; if resources are insufficient,
they will feed back the avail able resource quota for the node to

adj ust the path selection. For exanple, when the renaining bandw dth
of a core switch on a certain path can only neet 60% of the demand,
the node will automatically switch to a redundant path for re-
negotiation until resource reservation is conpl eted.

After the resource reservation is conpleted, the systemwl|
automatically deploy traffic forwarding rules: on the one hand,
configure ACL rules and QoS queues on various network devices to
ensure that traffic is transmtted according to the reserved resource
priority; on the other hand, configure traffic encapsul ation and
decapsul ati on paraneters on the source node and target node to ensure
the security of data transm ssion

After the traffic starts to be transmitted and the migration is
conmpl eted, the node will send resource release instructions to al
net wor k devices on the path, unlock the rel evant bandw dth and
queues, and reintroduce the resources into the avail abl e pool for
other traffic scheduling, realizing the circular and efficient
utilization of network resources.
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4.

Traffic Orchestrati on and Managenent by Centralized Controllers in
Al DC

Furthernore, to solve the limtations of distributed autononic
networks in gl obal resource optimzation, A DCs could introduce
centralized controllers and traffic orchestrators to build a hybrid
architecture of "distributed execution + centralized deci sion-

maki ng", realizing global collaborative scheduling of conputing power
and network resources. GRASP could also play as the key

conmuni cation |ink connecting distributed nodes and centrali zed
control l ers, enabling gl obal collaborative scheduling of conputing
power and network resources. This nodel perfornms particularly
prominently in scenarios such as |arge-nodel training task iteration
and conputing node | oad bal ancing. The bidirectional interaction
capability of the GRASP protocol not only guarantees the flexibility
of autononous inter-node comruni cati on but al so ensures the
centralized controller’s precise grasp of the gl obal state.

When a conputing node initiates a traffic mgration request due to
hi gh | oad (such as a single-node GPU utilization rate exceeding 90%,
har dwar e mai nt enance (such as the need to replace a faulty hard
disk), or task iteration (such as the need to adjust the scale of the
conmputing cluster when the training task enters the next phase), it
will first submt an extended GRASP request nessage containing the
type of demand, data vol ume, QoS requirenents (such as del ay upper
limt, packet loss rate threshold), and target conputing power range
to the centralized controller. As the "global comuand center", the
centralized controller will imediately start a nulti-dinensiona
data coll ection process: collect the operating status of each
conmputing node (including validity, GPU utilization rate, nenory
occupancy rate, tenperature, etc.) through the conputing power

moni toring nodul e; coll ect the dynam ¢ occupancy information of the
entire link (such as bandwidth utilization rate, delay, fault status
of each link) through the network nonitoring nodul e; and obtain the
priority information of all currently running tasks through the

busi ness managenent nodul e to ensure the conprehensi veness of the
deci si on- maki ng basi s.

Based on the collected global data, the centralized controller wll
make deci sions through gl obal optimzation algorithns such as integer
programm ng and genetic algorithnms: in terns of conputing node
planning, it will screen out target nodes that neet the requirenents
based on task requirements and conputing node status. For exanple,
it will give priority to allocating nodes with |larger GPU nenory for
hi gh- preci sion inference tasks, and select target nodes in the sane
Leaf domain as the source node for |lowlatency tasks; in terns of
path planning, it will conprehensively consider |ink |oad bal anci ng
and transmi ssion efficiency to avoid concentrating a | arge anount of
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traffic on several core links. For exanple, when the |ink
utilization rate of a certain Spine node reaches 75% it will give
priority to planning paths passing through other |ow | oad Spine
nodes; in terns of resource reservation, it will uniformy calculate
the forwarding resources required by each path according to the
traffic scale and negotiate and | ock themw th rel evant network
devices in advance to avoid resource conpetition that nmay occur in
di stributed negotiation

After the decision is made, the centralized controller will issue
instructions to rel evant devices by the extended GRASP. send
conmputing power migration preparation instructions to the source node
and target node to conpl ete data backup and receiving preparation;
send resource configuration instructions to the switches and routers
on the path to conpl ete operations such as bandw dth reservati on,
queue priority setting, and forwarding rule configuration; send
scheduling instructions to the traffic orchestrator to clarify the
start time and rate control paranmeters of traffic migration. During
the traffic migration process, the centralized controller wll
monitor the transm ssion status in real time. |f sudden congestion
is found on a certain link, it will imediately trigger a dynanic
adj ustnent nechanism re-plan the path and update the resource
configuration to ensure uninterrupted mgration

After the traffic mgration is conpleted and the target node starts
the business nornmally, the centralized controller will issue resource
rel ease instructions by the extended GRASP to unl ock the resource
reservation on the original path and update the gl obal resource
status information. Subsequently, each conmputing node enters the
next round of conputing and data transm ssion process, and the
centralized controller continues to nmonitor the gl obal network status
and waits to receive new scheduling requests, formng a conplete

cl osed | oop of "demand subm ssion - gl obal decision-making -
execution scheduling - status update"” to ensure the dynam c bal ance
of the overall conputing power and network resources of the Al DC

5. Summary

Thi s docunent el aborates on the application of autonom c network
technology in traffic planning and managenent of AIDCs. Ainming at
the autonomic traffic managenent demands in Al DCs, this docunent
proposes two solutions: distributed autononic network and centralized
controller-led hybrid architecture. The distributed sol ution
real i zes autononous traffic nanagenment through topol ogy awareness,

mul ti-path exploration and ot her closed-1oop processes; the hybrid
architecture achi eves gl obal resource optim zation via centralized
deci si on-naki ng and di stributed execution. Both solutions
effectively address the chall enges of high dynam cs and conplexity of
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8.

8.

traffic in AIDCs, ensuring efficient utilization of conputing power
and network resources.

I ANA Consi derations
This informational docunment does not define any | ANA itens.
Security Consi derations

This informational docunent proposes using GRASP for the information
exchangi ng, resource negotiation, etc. These nechanisns shall reuse
the security nechanins that has defined by the | ETF ANNIMA WG  The
detail ed secure considations shall be given and resoved in the
standard docunents that define these executabl e detail ed mechani sns
and protocol extenstions.
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