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ABSTRACT

The emergence of modern multi-/many-cores has put more empha-
sis on optimizing intra-node communication. Existing designs in
MPI libraries that work on the concept of distributed address spaces
incur the overhead of intermediate memory copies to stage the data
between processes, leading to severe performance degradation espe-
cially on emerging many-core architectures like Intel Skylake and
IBM OpenPOWER. This work proposes a high-performance “shared
address space”-based MPI point-to-point and collective communi-
cation designs using XPMEM. We first characterize the bottlenecks
associated with XPMEM based communication and propose new
designs for efficient MPI large message communication. Then we
propose novel collective designs that are contention-free and offer
true zero-copy reduction operations. The proposed designs are
evaluated on different multi-/many-core architectures using vari-
ous micro-benchmarks and application kernels such as MiniAMR
and AlexNet DNN training on CNTK. The proposed designs have
shown significant performance improvement over state-of-the-art
available in MPI libraries.

1 INTRODUCTION

The existing designs for intra-node communication in a process
based MPI library mainly employ two approaches for inter-process
communication: 1) POSIX shared memory-based double-copy, and
2) kernel-mapped single-copy. While the former can be good for
small messages, it can prove detrimental to large message perfor-
mance. The second approach works well for large messages because
of single-copy design as the sender process maps the source buffer
in kernel address space while the receiver process copies the data
to the destination buffer. Figure 1 demonstrates the basic working
of both the approaches. XPMEM [5] is another approach that al-
lows a process to map a segment of another process’ address space
allowing it to directly access remote data.

MMAP Kernel
MPI Sender region MP| Sender ~Address-space
Cop,. _mp____
b % ~In D pages %
( copy
CO\)\/-OU ‘ ‘ Pages
MPI Receiver MPI Receiver

(a) POSIX SHMEM based double-copy (b) Kernel-assisted single-copy

Figure 1: Existing MPI Intra-node Communication Designs

Researchers have proposed MPI point-to-point and collective
communication operations using the aforementioned approaches.
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However, these designs incur several performance bottlenecks. For
instance, XPMEM based MPI point-to-point communication re-
quires attach/detach of remote buffer for each message communi-
cated between a pair of processes. Figure 2 details the overheads
associated with different XPMEM API functions. It can be seen that
for medium messages up to 64% of the overall communication time
is spent in registration overheads.

120 L T T T T T T T T T
2 ppn 4 ppn 8 ppn 16 ppn 32 ppn
100 - - - 8
S 1
[} t
g ol | 8 st
= @ copy data
o B xpmem_detach
£ 40 1
=
20 - B
0
MIMMM MMMM MMMM MMMM MMM
SoFe Foxo Foxlo Fo¥xs So¥o
—on —own —own =0 =g

Figure 2: XPMEM API functions and their relative costs with
different message sizes and PPN on Broadwell. For small
messages, XPMEM overheads dominate the total time.

The collective operations in MPI that are implemented using
basic point-to-point operations such as Send/Recv, suffer from un-
necessary overheads such as tag-matching, rendezvous hand-shake,
etc. On the other hand, POSIX SHMEM based collective implemen-
tations suffer from cache-thrashing and double-copy overheads.
There has been some research to implement direct zero-copy collec-
tives using kernel-assisted memory mapping by using LiMiC [2],
and KNEM [4]. However, these approaches suffer from various
performance limitations. For instance, 1) earlier research [1] has
demonstrated that rooted collectives exhibiting one-to-all or all-
to-one communication patterns, such implementation cause con-
tention at the root process due to process-level lock contention
in the kernel, and 2) for reduction collectives such as MPI_Reduce
and MPI_Allreduce, these approaches do not eliminate the copy
overhead as the data from remote processes must be brought into
the local process’s memory (usually a temporary buffer) before the
reduction operation can be performed.

To remedy all these challenges, we proposed efficient shared
address-space based designs that mitigate these overheads and
achieve the best performance for MPI point-to-point and collective
communication.

2 PROPOSED DESIGNS

We describe three designs to support efficient shared address-space
based communication in MPI. The proposed designs are imple-
mented in MVAPICH2X-2.3rc1 and are publicly available to down-
load. The proposed designs are evaluated on Intel Broadwell, Intel
KNL, and IBM OpenPOWER systems.



4 5
10 MVAPICH2-2.3 (SHMEM) —— 10” MavAPIcH2.23 —  Proposed -
MVAPICH2-2.3 (CMA) - x- 600 : : : IntelMPI 2017 x-  Speedup O
510° [MVPAICH2X-23001 (XPVEM) %% | o xpvEM-Comention. BRI 4
3 g B XPMEM-NoContention ) - a
@ = o] _ X~ =]
8102 e & 40 5103 ST
o oK g 3001 R - 2
[ e : 5}
_|101 e 3 PAUV _]102 TR * * 2
- *-T 0
0 100 -] s ©
- - - - - - 1
! ) 1
8K 32K 128K 512K 2M 8M 0 . S 6 10 ek ek 256k 1M
Message Size (Bytes) Concurrent Readers Message Size (Bytes)
(a) Two process latency on Broadwell (b) Contention-free One-to-All Benchmark (c) Proposed Allreduce on 32 Broadwell Nodes (896 Processes)

Figure 3: Microbenchmark results of proposed point-to-point and reduction collectives designs on different architectures
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Figure 4: Training Time of AlexNet neural network using
ImageNet dataset (processes per node = 28, iterations = 50)
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Figure 5: Performance of MiniAMR with the proposed de-
signs on a Broadwell cluster (16 processes per node)

(1) MPI Point-to-point Operations: First, we proposed
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efficient XPMEM based design for MPI rendezvous com-
munication to alleviate the bottlenecks of naive XPMEM
based communication.

Contention-free MPI Collectives: Second, to mitigate
the contention overheads posed by rooted MPI collectives,
we proposed XPMEM based direct collectives augmented
by “registration-cache” based scheme [3] to avoid unnec-
essary overheads.

Zero-copy MPI Reductions: Lastly, we designed truly
zero-copy MPI_Allreduce and MPI_Reduce operations to
take advantage of the vast parallelism of multi-/many-cores

via multi-leader based schemes and avoid unnecessary stag-
ing of intermediate application buffers by using XPMEM
based communications.

3 PERFORMANCE EVALUATION

We evaluate point-to-point and collectives performance using OSU
Micro-benchmarks. We used MiniAMR and CNTK AlexNet train-
ing example to demonstrate the benefits of proposed designs at
application level.

(1) MPI Point-to-point Operations: Figure 3(a) depicts the
result of proposed design (1) where it outperforms the CMA
based communication by up to 33% for large messages.

(2) Contention-free MPI Collectives: Figure 3(b) shows
the result of proposed design (2) where our contention-free
design, augmented by registration cache schemes shows
up to 4.2X benefits over naive design.

(3) Zero-copy MPI Reductions: Figure 3(c) shows the re-
sult of proposed design (3). As we see that our zero-copy
Allreduce achieves up to 3.5X improvement on 896 pro-
cesses. Figure 4 and Figure 5 shows the application level
evaluation of proposed Allreduce on Deep Learning and
AMR workloads. As we can see that the proposed design
shows up to 20% and 23% improvement for DL and AMR
kernels respectively.

4 FUTURE WORK
We plan to design and enhance MPI datatypes and MPI RMA for
shared address-space based paradigm.
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