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Abst ract
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1. Introduction

Wth the w despread application of Artificial Intelligence (Al), the
demand for Al networks is increasing. As described in [I-D.draft-
hcl - ai - networ k- probl em 00], with the devel opnent of Al networks, the
nmodel paraneters for Al training are beconming increasingly large. In
order to neet the demands of |arge-scale Al training, Al training
networks typically adopt a distributed cluster approach, which
presents the foll owi ng new requirenments for the network:

0 Al training networks need a new | oad bal ancing nmethod to nitigate

the inpact of uneven | oads caused by burst traffic and achi eve as
much | oad bal anci ng as possi bl e.
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0 Al training networks require a new congestion control nechanism
that can quickly detect congestion when it occurs locally,
conmuni cate the congestion state, and then perform gl obal
congestion control. This is nmore efficient than performn ng
congestion control locally, and thus necessitates a gl obal end-
to-end congestion control nechanism

0 Al training networks need to have the ability for fast fault
recovery.

Thi s docunent proposes an Al network architecture to neet the new
requirenents for Al networks.

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

1.2. Ternm nol ogy
Al: Artificial Intelligence
OSF: Open Schedul ed Fabric
OSF-TM OSF Topo Manager
OSF-1 ngress: OSF | ngress router
OSF- Egress: OSF Egress router
OSF- Forwar der: OSF Forwar der Router
OSF-CFC. OSF Credit-based Fl ow Control

2. OSF Framewor k and Conponents

2.1. Franewor k Overvi ew

A high-level view of the CSF franework, w thout expanding the
functional entities in the network, is illustrated in Figure 1.
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Figure 1: OSF Interactions
For the OSF network, define the follow ng |ayers:

o OSF Managenent Layer: Miinly responsible for nonitoring,
configuring, and maintai ning OSF devi ces.

0 OSF Control Layer: Miinly responsible for naintaining OSF network
topol ogy i nformati on, congestion detection, and fast sw tching.

0 OSF Data Layer: Mainly responsible for encapsul ating, forwarding,
and decapsul ati ng packets based on the routing information issued
by the control |ayer, and sending packets to the authorization
systemto achi eve congestion control.
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2.2. OSF Functional Comnponents
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2.3. OSF-T™M

Di scovery and Mai ntenance of OSF Network Topol ogy invol ves
collecting node information, internal connection information between
each interface, and external interface information for each node to
generate the OSF topol ogy.

OSF-TM i s al so responsi ble for maintaining the quality of all Iinks,
in order to select the best path for packet transm ssion based on
link quality and avoid network congestion.

2.4. OSF-1ngress

The entry point for OSF data packets, where path selection and | oad
bal anci ng are perforned based on OSF-MS, encapsul ating the packets
and sending themtowards the exit.

2.5. OSF-Egress
The exit point for OSF data packets, where the packets are

decapsul ated, reordered, and delivered to the recipient.
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2. 6. OSF-Forwarder

The forwarder between OSF entrance and OSF exit forwards based on
destination interface information, disregarding the content of the
packets.

2.7. OSF-CFC

OSF- CFC operates at the data layer and is used for congestion
control during OSF packet forwarding. For details on the specifics
of congestion control, refer to section 4. 3.

3. Depl oynent Consi derations

The OSF-TM and OSF- M5 conponents at the control |ayer can operate in
a centralized processing node, a distributed processing node, or a
hybrid node

In the centralized node, all topology information, network quality
information, and netric informati on are mOSFt OSFed centrally.

In the distributed node, all topology information and network
quality information are maintained in a distributed manner across
devi ces and synchroni zed.

In the hybrid node, stable information such as topology information
is maintained in a distributed nmanner, while information that
changes frequently is maintained centrally to reduce flooding in the
networ k, such as network quality information. U timately, network
metric information is generated based on network quality infornmation
and nai ntai ned centrally.

4. OSF Framewor k Wor kf | ow
4.1. OSF Topol ogy Manage

In an CSF network, the OSF topol ogy can be generated through a
t opol ogy di scovery protocol for use in |oad bal anci ng across
mul tiple paths during data forwarding.

During |l oad balancing, it is necessary to exclude paths wth poor
link quality. OSF-TMis responsible for maintaining quality
information for each link. Link quality information is detected and
reported by the switches, and |link state synchronization is achieved
through the link state protocol

In the event of link failure, the switches near the failure point
need to be the first to detect and quickly notify the head end,
whi ch then perforns global traffic scheduling.

OFP-TM can be deployed in a distributed manner or in a centralized
nmanner .
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As shown in the figure, topology discovery is perforned between
devices to dynamically maintain the network topol ogy.

Each device maintains the link quality with its neighbors, and the
overall link quality for all links is ultimtely maintai ned by OSF-
™

When OSF-1ngress sends packets to OSF-Egress, path selection is
based on the topology and Iink quality information

For exanple, in the diagram when Hl sends a packet to H7 and

net wor k congestion occurs between Spinel and Leaf4, Spinel detects
the congestion and notifies Leafl. Leafl then reselects the path,
changi ng the forwarding path to Hl->Leaf 1- >Spi ne2- >Leaf 4- >H7 based
on the new i nformtion

4.2. Load Bal ancing in OSF Packet Transmni ssion

Traditional |oad bal ancing typically involves hashi ng based on the
five-tuple of packets. However, for Al networks, the small anount of
traffic and the |arge | oad per flow can | ead to inbal anced | oads.

OSF- I ngress needs to dynami cally cal cul ate the bandwi dth for each
pat h based on the path bandwi dth nmaintained in OSF-TM while
di sregardi ng paths with excessively high congestion |evels.

OSF- I ngress perforns | oad bal ancing for packets destined for the
same interface, allow ng packet aggregation. For oversized packets,
they can be fragnented into snaller segnents for transm ssion to
ensure a nore bal anced | oad. After packet aggregation or
fragnmentation, the packets need to be sorted and nunbered, then sent
sequentially through ECMP |i nks.
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The internedi ate OSF- Forwarder devices forward the packets based on
the final destination interface information, ultimtely sending the
packets to OSF-Egress. There is no need to identify the content of
the packets, handl e packet reordering, or process packet
fragmentati on and aggregati on

The OSF- Forwarder needs to process authorization requests through
t he OSF- CFC component. For details about the specific handling
process of OSF-CFC, refer to section 4.3.1

After the packets are sent to OSF-Egress, it is necessary to ensure
that the packets are delivered sequentially before handing them over
to the receiver. If the received packet is conposed of nultiple
ori gi nal packets aggregated together, it should be separated into
ori gi nal packets before delivery. If the packet is conposed of
fragments of a | arge packet, they need to be reassenbled into a
compl ete packet before delivery.

As shown in the diagram bel ow, for three packets pl, p2, and p3 of
the sane flow, OSF-1ngress no | onger perforns hash-based route

sel ection. Instead, it sequentially selects the optimal ECWP paths
for all packets, ensuring the maxi numutilization of the bandw dth
across all paths. To ensure sequential delivery at the receiving
end, packets need to be nunbered and sorted by OSF-1ngress before
sendi ng. The OSF- Forwarder devices along the path are responsible
for forwarding the packets to OSF-Egress. At OSF-Egress, to ensure
that the receiver can receive packets in the original order, the
recei ved packets need to be sorted before being delivered to the
receiver. In the diagram the order of the packets received by OSF-
Egress is p3->p2->pl. After sorting by OSF-Egress, the packets are
delivered to the receiver in the original order pl->p2->p3.

If the packets have undergone fragnentati on or aggregation at OSF-
Ingress, they also need to be reconstructed into the origina
packets by OSF-Egress before being delivered to the receiver. This
docunent does not specify the specific format and encapsul ati on of
packet nunberi ng.

I +
R +-->pl | ECWP1 +- +-->p3 +--------- +-->pl
| OSF- | ==============\ /[ | OSF- |
| +-->p2 | ECMP2 e >p2 | +-->p2
| I ngress | ============== [\ | Egr ess |
| +-->p3 | +-  +--->pl | +-->p3
Feo e e + - ———————= Fe e e e - +

| ECMVPn |

S +

4.3. OSF Congestion Contro

I f network congestion occurs, network performance will severely
deteriorate. Therefore, we need to ensure that network congestion is
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m nimzed as much as possible. OSF-CFC inpl enments end-to-end network
congestion control to reduce the likelihood of network congestion

Congestion control includes both active and passive control

Passi ve congestion control typically involves testing the current
network state and providing feedback so that the sending end can
qui ckly react to congestion. It controls network congestion by

al l ocating rates based on neasurenent infornation.

The active congestion control schenme ainms to prevent congestion by
only sending data when the network has sufficient avail able

bandwi dth. In this context, we will mainly introduce the

i mpl ementati on of active congestion control

OSF adopts a passive congestion control mechanismat the contro
| ayer, which involves detecting the link state and adjusting the
forwarding path to control network congestion

At the data |layer, OSF adopts an active congestion control mechani sm
by depl oyi ng an authorizati on nechanisminternally. Before sending
packets, a scheduling process is initiated. The packet is only sent
after successful scheduling, thereby inplenmenting proactive
congestion control and achieving deternmnistic and precise
congestion control to strike the optinmal bal ance between congestion
and |ink | oad.

4.3.1. Credit-based Fl ow Control

As shown in the diagram before OSF-Ingress at the data | ayer sends
packets to OSF-Egress, it first sends Credit Request nessages al ong
the path to request credit. Upon receiving the Credit Request, the
OSF- Forwar der reserves bandwi dth on the receiving interface and then
continues to send Credit Request nessages downstreamto request
credit, until all devices on the packet transm ssion path receive
the Credit Request and respond with Credit ACK, reserving the
recei vi ng bandwi dt h.

E - + - + - +
| O8F- | |O8F- | |O8F- |
| Ingress +----------- +For war der +---------- +Egr ess
E + R S —— + R S —— +
1. Credit 2:Credit
Request Request
--------- > B ———
4: Credit 3: Credit
ACK ACK
Commmmmmnas Commmmemaa
5: Send Pkt 6: Send Pkt
------------ > fm e e e >
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When transmitting within the OSF network, congestion control can be
aut ononously conducted by the data | ayer.

It is recomended to depl oy an authorization nmechanisminternally,
wher e packets are schedul ed before being sent. This proactive
congestion control approach ains to achieve deterninistic and
preci se congestion control by maintaining the optinmal bal ance

bet ween congestion and |ink | oads.

If network congestion occurs in the network, network performance
will significantly degrade. Therefore, efforts should be made to
prevent network congestion. OSF-CFC i npl enents end-to-end network
congestion control to mnimze incidents of network congestion

The workfl ow of OSF-CFC is as fol |l ows:

Step 1: The OSF-1ngress sender initiates an authorization request
when sendi ng a packet, requesting the required queue bandwi dth
resources along the transmni ssion path.

Step 2: The next-hop node receives the authorization request,
reserves queue bandw dth resources on the |l ocal egress interface. If
resources are insufficient, an authorization rejection is issued,

| eading to Step 6.

Step 3: If the destination interface is not local, resources are
reserved on the egress interface and the authorization request is
further forwarded to the next-hop node.

Step 4: The final authorization request reaches the destination
node, which responds with an authorization reply.

Step 5: Upon receiving the authorization reply, the initiator sends
the packet to the next-hop node.

Step 6: Upon receiving an authorization rejection, the reserved
resources on the local egress interface are released. If the device
is not the initiator of the authorization request, the rejection is
forwarded to the initiator.

Step 7: Upon receiving an authorization rejection, the initiator
rel eases the reserved resources on the local egress interface and
notifies OSF-MS of the network congestion message.

4.3.2. Congestion Control Based on Link Quality Detection
The control layer precisely tests and explicitly feeds back network
link state information using all devices, and sel ects paths on OSF-

I ngress based on the network state information, excluding paths with
hi gh congestion characteristics.
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The process involves link state detection, |ink state announcenent,
and path selection. Al of these processes are conpleted within the
OSF- TM conponent .

4.4. Rapid Link Failure Sw tchover in OSF

Thi

7

As the size of the Al network grows, the nunber of network cards and
optical nodules increases, leading to a corresponding rise in the
probability of failures.

Current failure swi tchover mechani snms typically involve nearby

devi ces handling path switching, but lack a global path scheduling
met hod for rapid failure switchover. For OSF networks, it is
essential for the control plane to incorporate a fast failure
detection and notification mechani sm enabling nodes near the point
of failure to swiftly detect issues and pronptly notify the OSF- M5
component. This allows the OSF-MS component to quickly adjust paths
on a global scale in response to the detected failure.

Security Considerations
TBD.
I ANA Consi derations

s docunent does not request any | ANA allocations.
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