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ABSTRACT
Partitioned point-to-point communication primitives provide a
performance-oriented mechanism to support hybrid parallel pro-
gramming model and have been included in the upcoming MPI-4.0
standard. These primitives enable an MPI library to transfer parts
of the data bu�er while the application provides partial contribu-
tions using multiple threads or tasks or simply pipelines the bu�ers
sequentially.

The focus of this paper is the design and implementation a lay-
ered library that provides the functionality of these newer APIs
and support application development using these newer APIs. This
library will also provide an opportunity to explore potential opti-
mizations and identify further enhancements to the APIs. Initial
experience in designing this library along with preliminary perfor-
mance results are presented.
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1 INTRODUCTION
Partitioned point-to-point communication was introduced [5] as
an alternative to the failed MPI endpoints concept [1]. Partitioned
point-to-point operations provide a thread-interface for message-
passing that supports pipelined and parallel message bu�er �lling
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and emptying, with the potential for overlapping bu�er completion
with transfer. This type of pipelining can have signi�cant bene�ts
for hybrid programming, such as MPI+OpenMP with fork-join
assembly of messages in non-overlapping partitions (send-side
overlap of communication and computation) and/or partitioned
completion of messages for overlapping receipt and work as data is
received (receive-side overlap of communication and computation).
Furthermore, this model addresses the concerns raised for the send-
receive model and endpoints model of the growth of the message
queues on the receive-side of transfers while also avoiding the
need for the entirety of an MPI implementation function in the
lower-performance MPI_THREAD_MULTIPLE mode [5].

Our motivation for the present work is to make a standalone
MPI library that enables partitioned communication in MPI im-
plementations. Since partitioned communication is new in MPI
4.0 [2, 3], there are few, if any, public implementations currently
available. Availability of a functional library that is portable will
enable adoption and provide a reference implementation for MPI-
library-speci�c implementations that will be optimized over the
next months as MPI-4.0 becomes fully supported.

We have prototyped a portable MPIX (MPI-eXtension) library
that implements the partitioned communication API on top of any
existing MPI library. This design choice means that our library can
be used to help applications experiment with partitioned commu-
nication as one of the communication options. These applications
can test out how partitioned communication helps new algorithms
and provides developers with an opportunity to get familiar with
how partitioned communication operations behave. Then, when
larger-scale MPI implementations have fully integrated the par-
titioned communication API into their libraries, developers and
applications will be ready for deployment in a production settings
without changes to their source code.

The remainder of this poster précis is as follows: Section 2 covers
the core of our work: the design of our library and related imple-
mentation details. Section 3 then covers the results we aim to �nd
and as well areas we are planning to take our standalone library.

2 DESIGN OVERVIEW
The library is designed to run on top of existing MPI implementa-
tions and utilizes the underlying persistent point-to-point APIs to
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Partitioned Functions Reimplemented functions
MPI_Psend_init MPI_Start
MPI_Precv_init MPI_Startall
MPI_Pready MPI_Wait

MPI_Pready_list MPI_Waitall
MPI_Parrived MPI_Waitany

MPI_Waitsome
MPI_Test
MPI_Testall
MPI_Testany
MPI_Testsome

MPI_Request_free
Table 1: List of Provided Functions

complete the partitioned requests. In order to track the progress
of a partitioned communication—since this external library does
not have access to the internals of the MPI_Request object in an
MPI implementation—a new request object was created along with
several supporting functions to match current semantics. The core
functions in this library utilize this object to ful�l the partitioned
communication APIs accepted by the standard.

2.1 Implementation Details
The functions listed in Table 1 represent those that our library has
implemented on top of the existing MPI library. The �ve partitioned
communication functions on the left-hand side represent new func-
tionality that is to appear in the MPI 4.0 standard. The functions on
the left are reimplemented (augmented) functions to enable support
for the new request object.

2.1.1 New Request Object. Normal MPI_Request objects have no
mechanism to keep track of partial progress of the request. As
partitioned requests are a collection of underlying partial com-
munications, it is necessary to maintain a more �exible record of
completion. As such a new request object was created for use with
the library. As shown in Listing 1, the new request object contains
metadata about the overall request as well as an internal array of
requests to ful�l.

1 t y p ed e f s t r u c t _mpix_reques t
2 {
3 i n t s t a t e ;
4 i n t s i z e ;
5 i n t s i d e ;
6 i n t s e ndp a r t s ;
7 i n t r e c v p a r t s ;
8 i n t r eadycount ;
9 MPI_Request ∗ r e q u e s t ;
10 } MPIX_Request ;

Listing 1: MPIX_Request Object

2.1.2 Internal Request Negotiation. As the library is built on top of
existing point-to-point APIs, certain conditions need to be main-
tained. Since each MPIX_Request object contains a number of stan-
dard requests, the number of sends and receives needs to be bal-
anced. The API has no de�ned mechanism for this to occur; but
both sides of the communication need to agree in advance on the
internal number of requests generated. The library is meant to

be portable, as such it does not have access to the implementa-
tion speci�c control structures. As such the library is forced to use
additional communication requests to share the required metadata.

This is further complicated by the realization that this setup
phase is a blocking process, yet MPI_Psend_init, MPIX_Precv_-
init, and MPIX_Start are all required to be non-blocking functions.
The implemented solution to this is the spawning of a new thread
to execute part of this initialization operation while still returning
control of the main thread back to the program, see Figure 1. This
allows the program to continue (return immediately) until progress
is required of the partitioned request, thus e�ectively postpones
any blocking activities until a blocking procedure is called.

Currently, communication is limited to sharing the number of
internal requests being sent to the receiver, but could be used as part
of data aggregation or optimization algorithms (something intended
for fully optimized partitioned communication implementations).

Figure 1: Basic Library Control Flow

2.1.3 Partition Remapping. When the number of send-side and
receive-side partitions are not equal, to further abstract the user
de�ned partitions away from the internal communication structure,
the data can be remapped inside the receiving bu�er. The current
method is a simple mapping based on o�sets from the start of
the bu�er. The MPI_Parrived function calculates which portion
of the bu�er is needed to for the requested partition then �nds
which internal receive requests contain some part the required
data. The data is marked as available only after all the dependent
partitions have arrived. This e�ectively allows the user to de�ne
any number of partitions at either end, while permitting internal
message aggregation to proceed unhindered.

Figure 2: Partition Re-mapping
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2.2 Limitations
As this library current exists on top of existing MPI implementa-
tions, there are some limitations we’d like to address. Currently,
because we cannot access the library’s internals, we cannot prop-
erly return a fully formed MPI_Status object. Instead, our current
implementation ignores any status objects passed to the function,
and similarly uses MPI_STATUS_IGNORE as arguments to any func-
tion that requires a status object. In the future, we plan to provide
our own status object to ful�ll these needs.

The current implementation only supports primitive datatypes
and contiguous datatypes. We intend to consider support for other
user-de�ned datatypes as part of this e�ort.

It is anticipated that applications that use partitioned communi-
cation will use multiple threads to achieve the best performance;
that is, �ll or empty bu�er partitions concurrently. In addition, our
current library has an extra thread to achieve some of the progress
needed to keep the partitioned communications moving. Our li-
brary depends on the support of MPI_THREAD_SERIALIZED by the
underlying MPI implementation and any application using our li-
brary must call MPI_Init_thread (with the aforementioned thread
support level or greater) instead of MPI_Init.

Additionally, since this library is not fully implemented in a
uni�ed way inside any one library, we are limited in how we can
optimize our functions. However, we are still aiming to achieve min-
imal extra overhead(if any) to inform users of potential performance
bene�ts they might get from using partitioned communications. As
the library uses persistent point-to-point APIs, applications should
at least see the performance bene�ts of persistent point-to-point
APIs, if they are optimized.

3 ONGOING EFFORTS
Although library is still in development, we have plans to bench-
mark the library against more traditional methods of communi-
cation. In particular, the library will be tested against MPI_Send,
MPI_ISend, and MPI_Send_init. Thod testing will consist of mul-
tiple runs using the bu�er size, partition count, and datatype as
control parameters. While we expect that a single partition will
have similar performance to the persistent send, further correla-
tions between the parameters require additional testing.

As we continue to work on the coverage of our library, we are
aiming to eventually support all valid datatype options that can be
passed to the partitioned communication functions, which includes
derived datatypes and di�ering datatypes1 at each end of the com-
munication. Further experimentation with the setup mechanism in
Figure 1 is also expected. We are also looking into the integration
of the MPI_PSync operation (to be proposed for MPI-4.1) into our
model [4]2.

1By di�ering datatypes, we mean datatypes that have compatible typemaps, but di�er-
ent structures.
2This added function supports channelized sequencing between the sender and receiver
ends of the partitioned point-to-point communication to ensure that receive bu�ers
are available when the �rst partitions begin arriving; it is an important optimization
feature and particularly of importance when the producing and/or consuming threads
may be o�oaded to accelerators such as GPUs or FPGAs.
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