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ABSTRACT

With the increasing scale of parallel computers, it has become
more important to reduce communication time. Overlapping com-
putation and communication is one effective method for hiding
communication delay. Although standard non-blocking collective
communication is an overlap method, it requires generating a com-
munication command sequence for each collective communication.
In contrast, persistent non-blocking collective communication can
generate the sequence at initialization and reuse it at the start of col-
lective communication. Moreover, if the sequence can be offloaded
to a network device, more efficient execution is possible without
using CPU cycles.

In this paper, a persistent non-blocking broadcast is implemented
using the offloading functionality of the Tofu2 interconnect on the
Fujitsu FX100 supercomputer, a successor to the K computer. We
report the performance improvement by offloading persistent non-
blocking collective communication on a real machine.
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1 INTRODUCTION

Collective communication latency is a major concern, as it has be-
come longer with the increase of scale of parallel computers. Over-
lapping computation and communication is one effective method
for hiding communication delay. Recent networks have offloading
functionality, so non-blocking communication is more important.
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Although non-blocking collective communication exists as an over-
lapping method, it requires generating a command sequence every
time a non-collective communication is issued.

In contrast, persistent non-blocking collective communication
can be separated into the initialization and the collective communi-
cation body, so the initialization can be removed from the loop. In
such a persistent non-blocking collective communication, the se-
quence of communication commands is generated at the time of ini-
tialization. The communication command sequence is then reused
for each collective communication instead of the sequence needing
to be re-generated. Moreover, if the sequence can be offloaded to a
network device, then more efficient execution is possible without
using CPU cycles. Although some implementations of persistent
non-collective communication exist[7], there is no implementation
of persistent non-collective communication that uses the offload
functionality.

The offloading functionality was added to the Tofu2 interconnect
on the FX100 supercomputer, a successor to the K computer. In
this paper, an offloaded persistent non-collective broadcast for the
Tofu2 interconnect is implemented. We will report the performance
improvement from offloading persistent non-blocking collective
communication on a real machine.

2 RELATED WORK

As an example of using the Tofu2 offloading functionality, the
reference implementation of non-blocking collective communica-
tion was proposed in [2]. However, this is not an implementation
that takes into account the network topology, so it is not practical
enough in terms of performance. Although offloaded persistent
neighborhood collective is proposed in Tofu2, offloaded persistent
non-blocking collective communication is not included[6].

As other network devices, Mellanox ConnectX-2 and Bull eXas-
cale Interconnect[4] have an offload capability which can be used
to implement the non-blocking collectives. However, no implemen-
tation of persistent non-blocking collectives has been proposed|[5].

3 OFFLOADING MECHANISM ON TOFU2

Tofu2 has a framework for hardware-driven distributed execution
of communication commands called session mode CQ (SMCQ).
As shown in Figure 1, SMCQ consists of a transmit order queue
(TOQ) and three pointers: the producer, consumer, and scheduling
pointers. The TOQ descriptor has the information for RDMA com-
munication such as command type, source, destination, and session
progress step (SPS) field. The producer pointer points to the end of
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command sequences enqueued by the application. The consumer
pointer indicates the end of commands executed.

When an RDMA engine processes an incoming RDMA operation
packet, the scheduling pointer can be advanced by the SPS fields of
the packet. Therefore, the progress of the command processing in
SMCQ is driven by incoming packets and does not need the help of
the CPU.
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Figure 1: Overview of session mode CQ.

4 IMPLEMENTATION OF OFFLOADED
PERSISTENT NON-BLOCKING BROADCAST

The implementation target broadcast algorithm is the Trinaryx3 al-
gorithm used in the K computer[1]. This is an algorithm for improv-
ing the communication bandwidth by mapping multiple pipeline
paths for the torus network. Blue Gene/L uses a similar algorithm[3].

Figure 2: Overview of Trinaryx3.

The Trinaryx3 algorithm is an extension of the Trinary algorithm
in which broadcast data are divided into three fragments, each of
which is transmitted using the Trinary algorithm. The three pipeline
paths of the trinary tree are mapped to the 3D torus in Figure 2.
Each pipeline communication is offloaded and executed by SMCQ.

5 PERFORMANCE EVALUATION

Figure 3 shows the performance of an offloaded persistent non-
blocking broadcast on the FX100. The offloaded persistent non-
blocking broadcast is better than the non-blocking broadcast be-
cause the persistent non-blocking collective is able to complete
creating the sequence of communication commands and exchang-
ing the remote memory information at MP_Bcast_init().

Figure 3 shows the execution times of MPI_Bcast_init and MPI_Start.

MPI_Bcast_init is relatively expensive and should not be repeated.
Also, the cost of MPI_Start is sufficiently small, indicating that
offloading is effective.
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Figure 3: Effective bandwidth (MB/s) (12 processes).
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Figure 4: Execution times of MPI_Bcast_init and MPI_Start
(us) (12 processes).

6 CONCLUSIONS AND FUTURE WORK

This paper reports the effectiveness of offloading persistent non-
blocking collective communication using the Tofu2 interconnect.
Results of the evaluation demonstrate that an offloaded non-blocking
broadcast outperforms a non-blocking broadcast. Moreover, the
paper shows the relationship between the generation of the commu-
nication command sequence and the cost of offloading the command
sequence of collective communication, revealing the importance
of the interface of persistent collective communication and that of
cost reduction by hardware offloading. Future work includes an
evaluation of the implemented offloaded persistent non-blocking
broadcast on a large-scale machine. The other collective communi-
cations will also be ported into offloaded persistent non-blocking
collective communications on Tofu2.
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