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EXTENDED ABSTRACT

Interconnection network is a key major component of High
Performance Computing(HPC) clusters and supercomputers.
To construct HPC systems of exascale computing capacity
and beyond, thousands of computing nodes need to be in-
terconnected with a network topology that can deliver high
throughput and low latency at a large scale. To design such
scalable high performance interconnect in a cost-effective
way, many new network topologies have been proposed in
recent years as alternatives to the prevalent yet expensive fat-
tree based interconnect designs. Among those, the Dragonfly
topology, first introduced by Kim et al. [1], is particularly
well-known for its scalability and low diameter. Dragonfly-
based interconnects have been used to construct several high-
performance clusters in the current Top500 [2] list of the
world’s fastest supercomputers such as Piz Daint [3] and
Trinity [4].

More recently, a new variation of Dragonfly named Megafly,
and also known as Dragonfly+, has been introduced and
successfully deployed to construct Niagara [5] the fastest
supercomputer accessible for academic use in Canada. Figure-
1 represents one of many possible variations of Megafly
topology. Megafly offers an even higher scalability and better
path diversity than the canonical Dragonfly design and thus,
is a prominent candidate for use in future supercomputing
interconnects. Similar to Dragonfly, Megafly topology heavily
relies on the load balancing features of adaptive routing
among groups of routers to maximize its throughput perfor-
mance. However, the practical adaptive routing algorithms
of present day, namely Universal globally Adaptive Load-
Balance(UGAL) Routing [6] and Progressive Adaptive Rout-
ing(PAR) [7], do not leverage important properties specific
to the Megafly topology, such as path distribution and
minimal path diversity. As a result, these algorithms often
fall short of a robust performance on Megafly interconnects.

For example, The UGAL algorithm on Megafly suffers from
limited congestion detection capability that leads to inaccurate
and thus performance-limiting adaptive routing decisions. The
PAR algorithm, on the other hand, may offer limited load
balancing capability despite its accuracy to detect congestion
on Megafly networks.

Fig. 1. Megafly Topology with 2 routers in each level of a group and total 5
groups that is mfly(2,5).

In this research poster, we present experimental results
to demonstrate that the throughput performance of PAR -
currently best known routing scheme for Megafly - is not
optimal across all variations of scale and wiring schemes.
More specifically, we show that the performance of PAR sig-
nificantly degrades with the increase in the number of groups
in the Megafly network when each spine router of a Megafly
group can no longer be directly connected to all other router
groups. This, considerably limits the scale at which Megafly
can be built and run efficiently with PAR. To overcome such
limitations, we propose two new routing algorithms KAPR
and KU-GCN, both inspired from Piggyback Routing first
proposed in [7]. To the best of our knowledge, this is the first
work dedicated to the development of new adaptive routing
schemes specifically for Megafly.



To test the performance benefits of our new routing schemes
on Megafly topology, we evaluate their performance through
trace-driven simulations of parallel MPI application work-
loads. We choose SST-Macro [8] version 9.0, an open-source
coarse-grain parallel discrete event simulator as our simulation
platform due to its popularity and suitability to simulate large
scale distributed architectures. SST-macro supports offline
mode replay of MPI communication traces on a variety of
built-in interconnects including Megafly(referred as Dragonfly
Plus in SST-Macro). We extend the existing Megafly imple-
mentation by adding support for wiring schemes and our new
routing schemes. We use SSTMacro to replay a variety of
NAS parallel benchmarks and synthetic application traces and
measure the corresponding cumulative communication time of
all MPI ranks.

In our evaluation we used three variations of Megafly
topologies. The following Megafly topologies are used in our
evaluation:

• mfly(12,9): A high connectivity topology made of 9
groups of radix-24 routers and 1,296 nodes. Each group
has 24 routers(12 leaf and 12 spine) and 144 global links
outgoing to the remaining 8 groups. The minimal path
diversity is 18.

• mfly(10,11): A medium connectivity topology made of 11
groups of radix-20 routers and 1,100 nodes. Each group
has 10 leaf routers, 10 spine routers and 100 global links
outgoing to the remaining 10 groups. The minimal path
diversity is 10.

• mfly(8,17): A low connectivity topology made of 17
groups of radix-16 routers and 1,088 nodes. Each group
has 8+8=16 routers and 64 global links connected with
the remaining 16 groups. The minimal path diversity is
4.

We note that despite having similar network sizes, the three
Megafly topologies we consider have very different network
degrees. The scale of the topologies are determined relative
to the largest possible topology sizes for their corresponding
network degrees. Our respective labeling of these three topolo-
gies as small-, medium- and large-size is consistent with the
Dragonfly+ topology definition given by Shpiner et al. [9].

Our evaluation results for synthetic traces shows that for
random permutation traffic our KAPR and KUGCN outper-
form PAR by at least 4%, 5.4% and 13% on mfly(12,9),
mfly(10,11) and mfly(8,17) respectively. On adversarial Shift
traffic, KU-GCN performs strictly better than PAR on all three
topologies with a performance gain ranging from 1.4% on
mfly(12,9) to 11% on mfly(10,11) and as high as 30% on
mfly(8,17).

In NAS parallel benchmark traces once again our KU-
GCN routing performs at least on par with PAR on mfly(12,9)
and mfly(10,11) and it shows significant performance gains
on mfly(8,17) by margins of 18.5% (IS), 32.5% (CG), 8.3%
(MG), 43.5% (FT) and 2.3% (BT). The performance of KAPR,
on average, is 3.4% slower than PAR on mfly(12,9) and
mfly(10,11) and 5.2% faster than PAR on mfly(8,17). The

performance difference between KAPR and PAR on mfly(8,17)
shows high variability across the benchmarks.

Finally, our proposed routing scheme requires global con-
gestion information notifications which is subject to latency
from the queuing, transmission and propagation of piggy-
backed/congestion notification packets. To observe how net-
work latencies affect the routing performances of KAPR and
KU-GCN, we introduce a fixed latency in our simulations
between the time of congestion events and the time when such
events are perceived at the source router. Our evaluation shows
that our routing schemes can tolerate network delays of up to
and beyond 100 microseconds and still outperform PAR. This
make our routing schemes easily compatible with practical
HPC interconnect fabrics where it is commonplace to have
end-to-end network latencies below one microsecond [10,11].

In summary, in this research poster we introduced two new
adaptive routing schemes that can improve the communication
performances of any Megafly based interconnects. The new
routing schemes perform significantly better than the currently
widely adopted progressive adaptive routing scheme in large
scale and/or connectivity constrained Megafly designs.
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