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Abstract—Preliminary results are presented of hardware
support for collective communication that takes advantage of
a priori routing information.
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I. INTRODUCTION

Collective operations including multicast and reduction

appear in wide range of applications and often throttle

performance; this trend is likely to worsen as the gap

between communication and compute capability widens.

Here we explore hardware support for collectives that takes

advantage of a priori routing knowledge. We use a table-

based switch; routing decisions are precomputed offline

and then loaded into the network. These offline-routing

methods are applicable to Molecular Dynamics (MD) and

many other compute-intensive applications with predictable

communication [1]. Previous work with FPGA [2], [3] and

ASIC clusters [4] support collectives with softcores and

specialized hardware.

II. EXPERIMENTAL RESULTS

Our target system is the Novo-G#, an FPGA cluster with

128 Gidel Proce V boards [5]. Each board has an Altera

Stratix V 5GSMD8 and is interconnected with six Multigi-

gabit Transceivers (MGTs); each MGT has a bandwidth as

40Gbps and latency of around 175 ns [6]. All the boards run

at 156.25MHz, which is the same frequency as the MGTs.

We now quantify the advantages of our hardware-based

scheme by comparing it with unicast-based implementa-

tions. In Figure 1 we present typical results from a 10K

particle MD simulation. The x axis represents r/c, which

is proportional to the network diameter. Performance with

increasing r/c is therefore a measure of strong scaling. We

find that tree-based multicast has half of the latency of the

unicast-based multicast and that this difference increases

with r/c. Now looking at reduction, we see that tree-based

reduction does not show much advantage when the number

of nodes is small (or the number of particles large). As

the number of nodes gets bigger, however, the tree-based

reduction shows better latency until it has about three times

the performance. The delay in benefit is because the tree-

based reduction requires that the packet be allowed to be

ejected only when all the related downstream packets have

arrived; this introduces extra blocking in the network. There

is no analogous problem in unicast-based reduction.
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Figure 1. Comparison of latency between tree-based and unicast-based
collective operations for a 10K particles MD simulation

Resource utilization is modest. Each switch contains seven

routers which in turn each contains one multicast unit, one

reduction unit, and a small amount of control logic. Tree-

based reduction requires more memory than unicast-based

because each particle on the same home node needs to have

a different table index on each intermediate node.

III. DISCUSSION AND FUTURE WORK

The major contribution in this abstract is that our design

and results demonstrate that a FPGA cluster is able to pro-

vide effective application-aware collective operations with

trivial extra hardware cost. By precomputing the routing

tables, we save latency and hardware costs over dynamic

routing. The application-aware table-based routing scheme

should also enable optimization of routing congestion of-

fline; this is the focus of current work.
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