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Abstract For post-exascale supercomputing and intelligent computing communication systems,
the Dragonfly topology exhibits advantages of strong scalability, low latency, and cost-
effectiveness. Adaptive routing and fault-tolerant routing are critical to network performance and
stability in the Dragonfly topology. Traditional routing methods, when selecting diverse paths
through local traffic, insufficiently consider the impacts of path hop counts, resulting in limited
performance optimization. This paper proposes a Distributed On-the-Fly Adaptive Routing
(DOAR) algorithm, which dynamically selects paths based on the status of intra-group local
channels and inter-group global channels during data transmission. This approach alleviates

Wi H 1. 2025-03-01; 7642 & A1 H 1. 2025-11-07. A7 2 [ 5 S 0F & TR0 H (2023YFB4403400) %2 1 . #BA L, 11, #0%,
F AT AR R B AL R G EE F PERE M 4% AR AL % . E-mail: mingchelai@nudt. edu. en. FEIE&, H-LHF50 L, RSN 5
PEREILS ORI . SRR P RIDFTE 0L WS 5 1) S bR R M s PR I M 4% . | T P RIDFSE OL ST 5 1) A TS L
ARG TR PR L W as . BR300 L RIS 00 5T 5 10 S LR R S R e PR e B W 2% . A, 101, B3
WHIE DL WS J5 10 A ARl TSR RES R MERE B W2 . £ SRGRMGEMERD WL, BT 01, E 20T S = Mg I
% N5 fE. E-mail: giangwang@nudt. edu. cn.



722

L
&

it B AL 1

congestion, reduces hop counts, and enhances network performance. Additionally, we present
the architectural design of routing computation units and a reconfigurable routing configuration
method, characterized by low computational latency, flexible configuration, and deadlock-free
operation. To address the fault sensitivity of Dragonfly topology, dynamic routing self-healing
and recovery techniques are proposed. These techniques proactively generate diagnostic or
recovery packets to update distributed routing tables, ensuring global destination reachability
while maximizing the number of available paths. This enables rapid automatic diagnosis and
recovery from network faults, minimizing performance degradation and jitter. Experimental
results demonstrate that compared to PAR,y, TPR, and UGAL_LE under synthetic traffic,
DOAR achieves throughput improvements of approximately 15.2%, 12.1%, and 23.7%,
respectively; under mixed traffic, throughput improvements reach 15. 1%, 14.4%, and 41.2%,
respectively; and under real application workloads, communication latency is reduced by
approximately 8. 2%, 30.4%, 26.0%, respectively. For typical fault scenarios, under standard
synthetic traffic with 40 and 200 link failures, maximum throughput losses are only 1.7% and
7.4%, respectively; with 10 and 30 router failures, maximum throughput losses are limited to
5.3% and 10.5%, respectively. Under mixed synthetic traffic with 100 link failures, average
throughput loss is only 2.9%. For automatic diagnosis and recovery processes under high-load
random traffic with 50 link failures, the required time is approximately 5.2 ps and 10.3 ps,
respectively. Meanwhile, the network bandwidth loss and latency increase are only about 1.1%
and 5.7%, respectively, showcasing strong performance advantages and automated fault
tolerance capabilities.

Keywords high-performance interconnection network; dragonfly topology; adaptive routing;

fault-tolerance
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Background

High-performance networks are important infrastructure
for supercomputing and intelligent computing centers. The
most common fat tree topology has balanced traffic and high
bipartite bandwidth, but the scalability is poor, and the
maximum node size of Tianhe and Sunway is only tens of
thousands. Fat Tree relies on increasing the scale of tiers,
resulting in exponential increases in power consumption and
cost, and it is difficult to support hundreds of thousands of
points of 10E-level high—performance computers in the future.
The dragonfly topology of high-performance computer systems
has the advantages of strong scalability, low latency and low
cost, and foreign systems such as Frontier and Aurora adopt
this topology. However, dragonfly topology is sensitive to
faults, and network faults have a great impact on system
stability. Therefore, it is crucial to study adaptive routing and
fault-tolerant routing in dragonfly topologies for network
performance and stability.

The minimum path communication is adopted at any two
nodes of the dragonfly topology, and the number of hops is
small, but it is difficult to adapt to various complex traffic by
relying only on a small number of shortest paths. It is often
considered to take advantage of a large number of non-
minimum paths to alleviate congestion by adding diverse paths.

However, the inability to perceive remote congestion through
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local traffic selection leads to suboptimal decision-making.
Random path selection achieves load balancing to a large
extent, but the path length is not optimal, and excessive
resource consumption will limit the throughput performance.
The traditional routing method combined with local traffic to
select diversified paths has insufficient consideration on the
impact of path hopping, and the performance optimization
effect is limited.

In this paper, a Distributed On-the-Fly Adaptive Routing
(DOAR) algorithm is proposed based on the distributed
hierarchical routing table structure and dragonfly topology of
the Tianhe Express network, which dynamically selects paths
according to the local channel status within the group and the
global channel state between groups in packet transmission, so
as to alleviate congestion and reduce the number of hops.
The structure of route computing components and the
reconfigurable route configuration method are proposed, which
have the characteristics of low computing delay, flexible
configuration and no deadlock. On this basis, the dynamic
routing self-healing and recovery technology is proposed,
which actively generates diagnostic or recovery packets to
update the distributed routing table, and proposes the structure
of automatic fault handling components to achieve the effect of

fast fault automatic diagnosis and recovery.



