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Abst ract

Thi s docunent provides the gap anal ysis of existing routing
mechani smin dragonfly networks, describes the fundanmental problens,
and defines the requirenents for technical inprovenents.
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1.

1.

I nt roducti on

Dragonfly network is a type of high-performnce conputer

i nterconnection network architecture that is commonly used in |arge-
scal e conmputing environnents. It consists of a collection of

i nterconnected groups, with each group containing several conputing
resources such as processors, storage devices, and nodes. The nodes
wi thin each group comunicate with each other using a high-speed

| ocal network, while the groups thensel ves are connected through a
gl obal network. Dragonfly networks are designed to provide high
bandwi dt h and | ow | at ency conmuni cation capabilities, nmaking them

i deal for applications that require |arge-scale data processing and
i ntensive computing tasks. Overall, dragonfly networks offer a

scal able, efficient, and flexible solution for connecting hundreds
or even thousands of computing resources in a parallel computing
envi ronment .

1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "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

Goup: In a group, multiple nodes are organi zed into a physica
topol ogy structure and interconnected by a hi gh-speed networKk.

Inter-group link: Link connecting different groups.

Routing: The path or strategy that data packets take to transmt
t hrough the network

Topol ogy: The physical and | ogical |ayout structure of the network.
Dragonfly network is a type of topol ogy.

Routing algorithm The algorithmthat determ nes the path or
strategy for data packets to transmt through the network

Congestion control: Wen there is too nuch traffic in the network,
adjusting the transm ssion rate and routing nmethod, etc., to avoid
net wor k congesti on

MR : Mninmal Routing

NVMR Non- M ni mal Routi ng
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AR Adaptive Routing
VLB: Valiant Load-Bal anced Routing
2. Existing Mechanisns

2. 1. Basic Topol ogy
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Figure 1: DragonFly network diagram

In the DragonFly network shown in Figure 1, there are a total of 9
groups, with each group consisting of 3 routers (G . Each router is
connected to 2 nodes (N). The groups in the DragonFly network are
connected through inter-group |inks. The routers wthin each group,
as well as between routers and nodes, are connected through high-
speed links within the group

For data communication within a group, it is typically sufficient to
forward traffic only through the links within the group. For data
conmuni cati on between groups, traffic needs to be forwarded through
both the links within each group and the inter-group links. The
specific path selection in the Dragonfly network is typically
determned by the routing protocol used in the network. The routing
protocol is responsible for dynamically determ ning the best path
for data packets to travel fromthe source to the destination

Various topol ogies can be used to formthe intra-group
connectivity.A typical intra-group topology is a fully connected
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graphwhere all switches are directly connected to each other. An
exanpl eof such an intra-group topology is shown in the G group in
Figure 1. The intra-group connectivity in the Cascade architectureis
a 2-dinensional all-to-all nesh.

2.2. Routing mechanisnms in Dragonfly network

This section briefly introduces the existing routing nechanisns in
dragonfly networks. Dragonfly networks use several routing

mechani snms, each with its own advantages and di sadvantages. Here are
sone brief overviews of several conmon routing nmechani sns:

o Mnimal Routing is the sinplest and nost commonly used routing
mechani smin Dragonfly networks. It uses the path with the | east
nunber of channels to quickly deliver data to the destination
node. The advantage of MRis that it is easy to inplenent and has
|l ow | atency. However, since MR only focuses on the path with the
| east number of channels, the risk of |oad inbal ance is
relatively high.

o Non-M ninmal Routing is a routing nechani smthat avoids |oad
i mbal ance by choosing a path other than the one with the |east
number of channels. The advantage of NMR is that the routing
algorithmis intelligent and flexible, able to bal ance the | oad
of network comunication and reduce | atency. However, NVR is nore
conpl ex, requiring nore conputational resources and conmuni cation
over head.

0 Adaptive Routing is a nmechanismthat can dynamically adjust the
routing path by intelligently judging the network congestion
status. AR s strengths lie in its adaptability, which can contro
traffic in high-load situations and prevent congestion. The
di sadvantage is that its inplenentation is conplex and requires
nmor e sophi sticated al gorithnms and conputati onal resources.

o Valiant Load-Bal anced Routing uses the classic Valiant algorithm
to sel ect paths between gl obal routing networks and then uses
| oad- bal ancing routing algorithns between each group. The
advantage of VLB is that it can achieve | oad bal anci ng across the
network range. The di sadvantage is that it is complex, requiring
nmore resources and conputational costs.

Overall, the choice of routing nmechanismin dragonfly networks

requires a bal ance between perfornmance, cost, and other factors and
depends on specific application scenarios and requirenents.
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3. Gap Analysis
3.1. Load In bal ance

When the Dragonfly network routes through the mininumroute
mechani sm the problem of |oad inbal ance is easy to occur because
the routing path is fixed and the comunication vol une between
different groups in Dragonfly network may not be the same. Wen | oad
i mbal ance occurs, the group with | arger comunication vol umre may be
overly congested, affecting the overall performance of the network.
We need a | oad bal anci ng nechani smthat can distribute the |oad

bet ween optinmal and non-optinal |inks to avoid congestion on the
mai n |ink.

There are several |oad bal anci ng nechani sns that can achieve this
goal . One common approach is to use a conbi nati on of Equal - Cost
Multi-Path routing and Li nk Aggregation. ECVP distributes the
traffic across multiple paths based on their cost, while Link
Aggr egati on conmbi nes nultiple physical links into a single |ogica
link to increase bandw dth and provi de redundancy.

However, non-m ni mumroute nmechanismis required to calculate the

di stance of all possible paths, which requires nore comrunication
and conput ati onal resources, and cannot conpletely avoid the problem
of | oad inbal ance.

Adaptive routing mechani smcan dynamcally adjust the routing path
according to the network congestion situation, nmaking the network
nore adaptable to different traffic. However, the conputational cost
of this mechanismis high, and it occupies some of the bandw dth of
the network, which may affect the performance of applications.

Val i ant | oad- bal anci ng routing al gorithm can achi eve | oad bal anci ng
across the entire network, but its design and inplenentation are
conpl ex and require nore conputing and comruni cati on resources.
Al'though it can inprove routing reliability and fault tol erance, it
may not be necessary to adopt this mechanismin snall-scale

net wor ks.

Due to the random network topol ogy used in the Dragonfly network,
the di stance between each node internally is random which nmay cause
sone unnecessary redundancies in routing and affect routing
efficiency.

3.2. Adaptive Routing Notifications

The dynami ¢ adj ustnent of flow paths based on the load situation is
a traffic scheduling algorithmthat can dynanically choose the

wang, et al. Expires March 10, 2026 [ Page 6]



I nternet-Draft Dragonfly Routing Probl em Statenent Sept enber 2025

optimal flow path based on the | oad of nodes (or links) in the
network to transmit data packets

This algorithmusually uses two techniques: one is based on traffic
nmeasur enent, and the other is based on protocol exchange between
routers or switches. The traffic neasurenent-based technol ogy
measures the traffic in the network using network analysis tools or
dedi cat ed hardware enbedded in routers or switches. Once some nodes
or links with high | oads are detected, the flow path can be
automatically adjusted to alleviate the load. On the other hand, the
prot ocol exchange-based technol ogy relies on protocol comrunication
bet ween routers or switches to obtain the current network topol ogy
and node | oad data, and flow paths can be adjusted accordingly based
on this information.

In this way, network adm nistrators can ensure that there is always
the best data flow path at any tine, thereby naxim zi ng network
performance, reducing |atency, and avoi di ng network congestion. At
the sane tine, dynanic adjustnent of flow paths can al so provide
robustness to the network, enabling it to automatically adapt to
adverse events such as changes in network topol ogy and node
failures.

Whet her based on traffic testing or protocol exchange between
routers or switches, devices need to be able to comunicate the
current network performance in a quantitative nmanner.

Traffic testing technology requires the use of network anal ysis
tool s or dedicated hardware enbedded in routers or switches to
measure traffic in the network and obtain informati on about node

| oad. These node | oad data needs to be translated into digital data
and sent to the control plane through protocols or interfaces such
as SNWP (Sinple Network Managenent Protocol), Netflow, etc.

Pr ot ocol exchange technol ogy uses protocol conmmunication between
routers or switches, such as QpenFlow, IS-1S, etc., to obtain the
current network topol ogy and node | oad information through the
control plane. These information are often encoded into digita
formats and transmitted to the operation plane through network
transm ssi on protocols.

Adaptive routing notifications are a communi cation protocol used to
relay routing information and network |l oad in a network. These
notifications can be nmessages between nodes or between switches and
routers.

In the Dragonfly network, adaptive routing notifications are
utilized to inplenent adaptive routing nmechani snms. Wen the network
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| oad reaches a certain level, nodes and switches use notifications
to dynamically choose routing paths. For exanple, during network
congestion, switches and routers send notifications to pronpt nodes
to redirect traffic to different ports or nodes. These notifications
can al so include other information about network congestion and | oad
bal anci ng, such as bandw dth usage, device |oad and performance, and
traffic rates.

The benefits of using adaptive routing notifications in the
Dragonfly network are that they enable real -tinme adjustnents of
routing paths for nodes and sw tches, avoiding congestion and

i nprovi ng network performance. Additionally, adaptive routing
notifications hel p network adninistrators identify and resol ve
network i ssues nore easily, such as pinpointing congestion points
and routing bottlenecks.

In sunmary, adaptive routing notifications play a significant role
in the Dragonfly network and are a crucial conponent in inplenenting
adaptive routing nechani sns.

Regardl ess of the approach, comunication between devices needs to
be standardi zed and routinized to achieve self-adaptation and
interoperability across devices. Standardized and routi ni zed
communi cati on between devices is critical to building adaptive

net wor ks.

4. Probl em St at enent

The current problemw th the Dragonfly network is the lack of a
conci se and effective routing protocol for |oad bal anci ng between
opti mal and non-optimal |inks.

Anot her problemis that for dynamic |oad balancing, it is necessary
to standardi ze how network performance is quantified and

communi cated in a quantitative manner. This requires

st andar di zat i on.

5. Requirenents for Dragonfly network Mechanisns
In the Dragonfly architecture, the routing protocol is a crucia
conmponent that guides packet transm ssion and route selection. Here
are several aspects that the routing protocol in the Dragonfly
architecture requires:
* Low |l atency: Low |latency is essential in the Dragonfly
architecture. Therefore, the routing protocol nust be fast and
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efficient to ensure that packets are transmitted to the
destination node pronptly.

* Load bal ancing: Load balancing is inportant in the Dragonfly
architecture, and the routing protocol needs to support nultiple
avai l abl e paths for | oad bal ancing. The routing protocol should
dynani cal ly select anmong nultiple available paths to ensure fast
packet transm ssion and distribute the | oad across network
connecti ons.

* Scalability: The Dragonfly architecture is typically depl oyed at
| arge scale with a | arge nunber of nodes comuni cating with each
other. Hence, the routing protocol needs to be scal able and
capabl e of supporting route selection and packet transm ssion
anong a | arge nunmber of nodes.

* Adaptability: The network topology in the Dragonfly architecture
can change over tinme. The routing protocol needs to be adaptive
and capabl e of re-conputing optimal pat hs when the network
t opol ogy changes, ensuring the selection of the best path for
packet transm ssion.

* Reliability: The routing protocol in the Dragonfly architecture
needs to ensure packet reliability. It should support link failure
detection and recovery to ensure that packets can be correctly
transmitted to the destination node in the event of |ink failures.

In summary, the routing protocol is a critical conponent in the
Dragonfly architecture, requiring support for |low |l atency, |oad
bal ancing, scalability, adaptability, and reliability. Only with
these requirenents fulfilled can the routing protocol reliably
operate in the Dragonfly architecture and provide efficient support
for network conmuni cati on.

6. Security Considerations
TBD.

7. 1 ANA Consi derati ons

Thi s docunent does not request any | ANA all ocations.

wang, et al. Expires March 10, 2026 [ Page 9]



I nternet-Draft Dragonfly Routing Probl em Statenent Sept enber 2025

8. References
8.1. Normative References
[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119, March 1997.
[ RFC8174] Leiba, B., "Anmbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/info/rfc8174>.
8.2. Informative References

TBD

wang, et al. Expires March 10, 2026 [ Page 10]



I nternet-Draft Dragonfly Routing Probl em Statenent Sept enber 2025

Aut hors’ Addresses

Rui xue Wang

Chi na Mobile

Chi na

Emai | : wangr ui xue@hi nanobi | e. com

Changwang Lin
New H3C Technol ogi es
Chi na

Emai | : |inchangwang. 04414@3c. com

Wenxuan Wang

Chi na Mbile
Chi na
Emai | : wangwenxuan@hi nanobi | e. com

Wi gi ang Cheng

Chi na Mobile
Chi na
Enmai | : chengwei qi ang@hi nanobi | e. com

wang, et al. Expires March 10, 2026 [ Page 11]






