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Abst ract

Al'l Reduce is a critical performance bottleneck for distributed deep

| earning and | arge nodel training in data centers for Al conputing.

I n- Net wor k Aggregation (I NA) has been identified as an effective
accelerating technique to inprove its performance. The draft
describes a flexible and efficient INA solution for packet routing
and forwarding. The forward aggregation tree is encoded by a bitmap.
The result dissemination is through Bl ER-based multicast which al so
relies on a bitmap. The two bitmaps share the sanme encodi ng scheme
as specified in BIER

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 mum 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 28 Novenber 2026
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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 Docunents (https://trustee.ietf.org/
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1. Introduction

Optimzing the Data Center Networks (DCN) is critical for inproving
the efficiency of Al conputing, especially in the scenarios of
parall el jobs and multiple tenants. |n-Network Conputing (INC), an
energi ng conputing paradigm ainms to engage network switches to
execute application functions to inprove the application performance
or reduce the system cost.

Anmong the collective comunication primtives used by distributed Al
conmputing, AllReduce has gained the nobst attention for in-network
acceleration due to its popularity, performance inpact, and
suitability. "Reduce" represents the operation of sum
multiplication, max, or nmin on data fromnultiple sources. The

Al | Reduce operation reduces a batch of arrays fromthe participating
workers and distributes the resulting array to all the workers.
Host - based Al |l Reduce is realized by using a logical ring or tree in
whi ch the network only provides point-to-point connectivity.
Specifically, the tree-based inplenmentation involves a dedicated
server, known as Paraneter Server (PS), as the central point to
receive data fromall participating nodes, conduct data reduction
and send the result back to the nodes through unicast.
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Such an inplenmentation can be accel erated by I NC t hrough a net hod
dubbed as | n-Network Aggregation (INA). Since the network switches
have nenory space to buffer the arrays fromthe workers and have
conputing capability to conduct the reduction operation, the
aggregation can be offloaded to the switches. The basic approach is
that, for each job, an overlay aggregation tree is built on top of
the DCN, in which the | eaves are the workers, the root is the PS, and
the internal nodes are the switches which are responsible to
aggregate the arrays comng fromtheir child nodes.

In this draft, we describe a flexible and efficient I NA franmework for
packet forwarding. |NA involves two phases: the forward aggregation
phase and the backward di ssenination phase. |In the forward
aggregation phase, we introduce Virtual Aggregation Tree (VAT) which
can be mapped on a DCN topol ogy to support INA for an All Reduce job.
The bitmap nechanismis used to encode the VAT and track the
aggregation status.

In the backward di ssemi nati on phase, we adopt the BIER forwarding

[ RFC8279] to nulticast the result to the worker nodes. BIER does not
require constructing a tree in advance, nor does it necessitate per-
flow states in internediate nodes. The sinplicity and scalability
make it ideal for aggregation result dissenmination. Coincidentally,
the VAT for the sane Al Reduce job also relies on a bitmap which has
the sinilar encoding semantics as for multicast but is used on the
opposite data noving direction. Therefore, the bitnmap can be used
for both aggregation and di ssem nation in a congruent |NA sol ution

The | NA Franmewor k
1. Aggregation Phase

In essence, the in-network aggregation traffic follows a tree
structure. Wile each | eaf node sends a packet towards the root,
each internal tree node aggregates the packets received fromits
child nodes. The aggregation result at each internal node continues
to be sent toward the root. The root finishes the final aggregation
and nulticasts the result back to all the |leaves. The nmulticast tree
does not need to overlap with the aggregation tree (except the root
and | eaves).

We build a VAT on top of the DCN topol ogy. The VAT root can be a
switch or a server. The VAT |eaves are the server nodes. Al other
VAT nodes are mapped to arbitrary switches with two constraints: (1)
each switch can be mapped by at nost one VAT node, and (2) network
connectivity exists between any two switches that are nmapped to two
adj acent VAT nodes.
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Each server node is assigned a bit in a bitmap. For an Al Reduce

job, the bits for the selected workers are set to ‘1’ . On a VAT, each
non-| eaf node is configured with a bitmap named A-BMto register the
set of leaves it is responsible for aggregation. A-BMcovers all the
downward | eaves of the node. Wen a worker sends a packet with an
array for aggregating to the root, the packet also carries a bitnap
naned P-BM in which only the bit corresponding to the worker is set

to ‘1

When a switch mapped to a VAT node for the job receives a data
packet, it perforns the bit-wi se AND operation on A-BMand P-BM |f
it results in an all-zero bitmap, it nmeans the packet is not supposed
to be aggregated at this switch, so it continues to be forwarded
towards the root. Oherwi se, the packet is termnated at this switch
and the array is buffered for aggregation. Once the switch collects
all the arrays that need to be aggregated (i.e., the bit-w se OR of
the P-BMs fromthe aggregated packets equals to the A-BM and
conducts the aggregation, the result packet, which carries a P-BM
equal to the A-BMof the switch, is sent towards its parent VAT node.
This process repeats until the root finishes the final aggregation

Fig. 1 shows a network and a VAT constructed over it. There are 8
servers in the network. Therefore, the bitnmap contains 8 bits and
Wi is assigned the i-th bit in the bitmap. W assunme the first 4
servers (wl - w4) are used as workers for an Al |l Reduce job. W
decide to use sl to aggregate the arrays formwl and w2, use s7 to
aggregate the arrays fromw3 and w4, and use s6 to aggregate the
arrays fromsl and s7. To achieve this, we configure the A-BMs for
the job on the involved switches as shown in Fig. 1(a), which |eads
to the VAT as shown in Fig. 1(b).
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(a) Physical Topol ogy and I NA Job Allocation
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(b) VAT (Virtual Aggregation Tree)
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Figure 1: Physical Topol ogy and VAT

Song & Zhou Expi res 28 Novenber 2026 [ Page 5]



I nternet-Draft INA with VAT and BI ER May 2026

The algorithmto construct VATs and the protocol for packet routing
and forwardi ng between VAT nodes are out of the scope of this
docunent .

2.2. Dissem nation Phase

The nost efficient way for result dissemnation is through a
multicast tree. The multicast tree shares the root and the | eaves
with the correspondi ng VAT, but may have different shape. Mbst
existing nulticast protocols require building explicit multicast
trees and maintaining per-flow state at internediate nodes. |nstead,
the BIER forwarding architecture allows each nulticast packet to
carry a succinct bitrmap in a BIER header to identify the targets.
Therefore, BIER is used for the result dissemnation. |In this
context, the root is the BFIR the | eave nodes are BFERs.

2.3. VAT Bitmap Encodi ng

Wil e the dissem nati on phase can use the BIER nulticast directly,
the header format for the aggregati on phase needs to be defined. Due
to the semantic simlarity, the VAT bitmap adopts the same
specification as BIER, i.e., the method to encode BFR I Ds.
Consequently, the A-BM configured at the VAT root node can be
directly used as the BIER bitmap for nulticast.

3. Security Considerations
TBD.
4. | ANA Consi derati ons
TBD.
5. Normative References
[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<https://www. rfc-editor.org/info/rfc2119>.
[ RFC8279] Wjnands, 1J., Ed., Rosen, E., Ed., Dol ganow, A.,
Przygienda, T., and S. Aldrin, "Milticast Using Bit |ndex
Explicit Replication (BIER)", RFC 8279,
DA 10.17487/ RFC8279, Novenber 2017,
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