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Abstract

Due to physical limitations preventing increased CPU
clock speeds, several computer scientists have predicted
that parallelism will play an important role in future
software development [11, 12, 15, 24]. However, pro-
gramming for parallelism is often challenging. As such,
parallel programming models such as the PGAS [8, 21,
25] and DARPA HPCS [17] languages have been devel-
oped to alleviate this difficulty. Integral in all of these
systems is the need for tasks to communicate in order to
transfer data and synchronize. For this reason parallel
programming model runtime systems often use commu-
nication libraries. In this paper we examine and com-
pare three such libraries: MPI, GASNet, and ARMCI.
We compare these libraries in terms of the communi-
cation operations they include, and discuss how imple-
mentations of these libraries have been modified to work
with specific architectures.

1 Introduction

Programming models are often developed in order to ad-
dress programmability challenges. One challenge that
many emerging programming models address is that
of expressing and efficiently executing tasks in paral-
lel. However, tasks that execute in parallel often re-
quire communication in order to synchronize and trans-
fer data. For this reason, many runtime systems for
parallel programming models leverage communication
libraries. The choice of runtime system is not arbitrary,
however. For a given machine and programming model,
certain libraries may be more portable, efficient, or ex-
pressible [13].

In this paper we examine and compare three li-
braries for conducting communication in parallel pro-
grams. Specifically, we will examine the communication

operations these libraries include, and discuss how im-
plementations within each library vary. The three li-
braries we discuss are: ARMCT [19], GASNet [7], and
MPT [18]. We chose to look at MPI due to its popular-
ity as a parallel programming model [16]. We chose to
look at GASNet and ARMCI due their intended use of
being integrated into parallel programming model run-
time systems. Currently, GASNet is used within Tita-
nium [5], and Chapel [1], as well as the GCC [3] and
Cray UPC [9] compilers, and the Cray [10] and Rice [2]
CAF compilers. The ARMCI library is used within the
Global Arrays shared memory programming toolkit [20].

2 Communication operations

Although ARMCI and GASNet are used in program-
ming model runtime systems, and MPI is itself a pro-
gramming model, there exist many similarities between
the libraries. In particular, many communication op-
erations are shared between them. In this section we
discuss the commonly used operations found in commu-
nication libraries.

Something that is common among all communication
operations is that when realized they involve two or
more units-of-execution (UEs). UEs are either threads
or processes. In the case of collective communication
several UEs may be involved. In the case of point-to-
point communication exactly two UEs interact: a sender
and a receiver.

Although all point-to-point communication involves
a sender and a receiver it is not necessarily the case
that both sides will explicitly specify that the commu-
nication occurs. Depending on how many UEs specify
the need for communication, point-to-point communi-
cation operations may be classified as either being one-
or two- sided. In two-sided communication the sender
explicitly invokes a send operation to send data and



the receiver explicitly invokes a receive operation to
receive data. On the other hand, in one-sided commu-
nication an origin process may explicitly invoke a get
operation to retrieve data from the local memory of a
target UE without having the target explicitly specify
that the communication should occur. The one-sided
put operation enables an origin UE to place data into
the local memory of a target UE without the need for the
target to specify that such an operation should occur.

The MPI-1 standard includes several collective com-
munication routines and several two-sided send and
get operations. The MPI-2 standard and the GAS-
Net and ARMCI libraries all include support for one-
sided communication operations, however the GASNet
and ARMCI libraries have one-sided communication as
a stronger focus. In addition to the put and get op-
erations MPI and ARMCT also include an accumulate
operation that is used to combining data at a target lo-
cation with an additional value: for example, a remote
increment. MPI allows any of its (commutative and as-
sociative) reduction operators to serve as the combining
function, for example: sum, multiply, or max. ARMCI,
on the other hand, always uses an atomic scale-and-sum
operation for its accumulate operation. Such an op-
eration takes the form =z = x + « * y, where « is a
scalar, and = and y may be either scalars or vectors [19].
The ARMCI library also includes a one-sided rmw (read-
modify-write) function that will atomically update a re-
mote integral variable using a specified operator and re-
turn the variable’s old value.

Both one-sided and two-sided communication opera-
tions can be further classified by whether they are block-
ing or nonblocking. Blocking send and put calls will not
return until the data that they are to-send can be safely
overwritten. Note that this does not necessarily imply
that the data has been received — a blocking call might
return immediately after duplicating the data it is to-
send into a network buffer. Regardless of whether a
buffering scheme is used on the send-side or not, in the
case of blocking receive and get calls, they will not re-
turn until they have completely received the transmitted
data.

In non-buffering sends and in all receives, how quickly
a blocking call returns is dependent on the amount of
data that is involved, as well as the latency and band-
width of the network. In the case of a buffering send,
however, how quickly a blocking operation returns is de-
pendent on the bandwidth and latency of the system’s
memory. Given that this is the case, a blocking call may
impose an undesirable performance penalty. To address
this issue parallel programs are often written to latency-
hide, which is when a communication call executes in
the background while the computation that follows the
call proceeds. In order to enable latency hiding, com-

munication libraries often include a set of non-blocking
operations. Non-blocking operations are also used to
avoid deadlock. For instance, in the absence of non-
blocking operations, if two processes were to simulta-
neously post sends to each other they would endlessly
stall. Such a situation could be resolved by having one
process post its receive prior to its send, but in some
cases it may be clearer or more efficient to use a non-
blocking call; this is particularly true in more compli-
cated arrangements where UEs must communicate with
multiple other UEs that are identified as “neighbors”.
Regardless, the ARMCI, GASNet, and MPI libraries all
provide blocking and non-blocking variants of their com-
munication operations.

The ARMCI, GASNet, and MPI libraries also pro-
vide communication synchronization operations, which
are often necessary in order to correctly implement non-
blocking communication. Without the semantic guar-
antees of a blocking call, a program that sends an array
A would not be able to safely overwrite any element of
this array until the transfer has completed. Similarly,
if a program received an array B from a non-blocking
receive operation, it would be incorrect to access any
element of array B until the transfer has completed. To
determine when a transfer has completed MPI includes a
wait operation. The wait function is given a handle for
a prior non-blocking send-or-receive call and will block
until the operation has completed. MPI also includes a
test operation that will immediately return the status
of a send or receive operation. MPI-2 and the ARMCI
and GASNet libraries include analogous fence and poll
operations for one-sided communication.

Communication operations may also be classified in
terms of the data they send. The MPI, GASNet, and
ARMC T libraries include support for sending contiguous
chunks of data. The ARMCI and GASNet libraries also
include I/O-vector based put and get operations. I/O
vectors enable get and put operations to pull/place data
from multiple, equally sized, sources/targets. ARMCI
and GASNet also provides variants of their put and get
procedures for strided data. Strided operations are a
generalized forms of 1/O vector operations who’s mul-
tiple equally-sized buffers are all offset from each other
by some constant amount. Strided operations are often
useful for sending parts of arrays: for example, a chunk
of columns of a two-dimensional array that is stored in
row-major order.

3 Implementation Specific Opti-
mizations

There are other similarities and differences between the
ARMCI, GASNet, and MPI libraries. All three libraries



are similar in that they are intended to be network and
computer-architecture independent. However, the im-
plementations of libraries are often customized for spe-
cific systems. IBM, for example, provides an implemen-
tation of MPI for its SP system [6].

In [23] Saif and Parashar examine and compare IBM’s
proprietary SP implementation of MPI [6] against the
public domain MPICH [4]. Specifically, the authors
compare each implementation’s behavior of the non-
blocking MPI_Isend and MPI_Irecv functions. They ex-
amine this behavior when varying amounts of messages,
message sizes, and system buffer sizes are employed. By
varying these parameters the authors are able to identify
when send and receive operations of the respective MPI
versions introduce synchronous behavior. For instance,
in many MPI implementations, when the message size
exceeds the network-buffer size the MPI implementa-
tions will stall a send until it has received some sort
of acknowledgement from the receive side. The authors
discover that for small messages (1KB) both the IBM
and MPICH versions will not introduce any synchro-
nizing behavior. However, for larger messages (60KB
or above) MPICH will introduce synchronizing behav-
ior. With a large message the MPICH version will not
return until either 1) the message has been completely
sent, 2) the receiving side has posted a wait or test
operation, or 3) a non-deterministic time out period has
occurred. The purpose of introducing such a time-out
period is to avoid deadlock in the case that two processes
simultaneously send large messages to each other.

Saif and Parashar further describe a number of op-
timizations they believe will help improve the perfor-
mance of programs that use non-blocking MPI calls.
Specifically, they suggest increasing buffer sizes and in-
troducing test calls after invoking MPI_Irecv. The au-
thors demonstrate that these optimizations can have
a significant performance impact by applying them
to an example Structured Adaptive Mesh Refinement
(SAMR) algorithm within a 3D compressible turbulence
application. They measure that such optimizations re-
sult in a 27% reduction in communication time.

The reduction in time that Saif and Parashar show
comes from modifying an MPI program to better fit
the implementation of a library it operates on. In [14]
Bonachea et al. take a different approach towards op-
timizing communication: they tailor an implementation
of a library for a specific system. In particular, they
port the GASNet library so that it operates with the
Cray XT’s native communication library: Portals [22].

In [19] Nieplocha and Carpenter briefly discuss op-
timizations that can have been integrated into the
ARMCI library to tailor it to a specific machine. For
example, on the IBM SP the ARMCI library will fol-
low an owner-computes rule to perform an accumulate

operation. However, on the Cray T3E the requesting
processor will lock the remotely accessed memory, copy
the variable(s) to accumulate to local memory, perform
the accumulation operation(s), and copy the result(s)
back to the remote memory.

4 Conclusions

Runtime systems for parallel programming models of-
ten use a communication library. In this paper we dis-
cussed three such libraries: MPI, GASNet, and ARMCI.
All three libraries provide blocking and non-blocking,
1-sided and 2-sided, point-to-point communication rou-
tines.

The implementation of libraries can affect perfor-
mance. For example, in [23] Saif and Parashar examine
how non-blocking communication operations can affect
performance; in [19] Nieplocha and Carpenter discuss
different implementations of the ARMCI library are tai-
lored for shared and distributed memory machines; and
in portals Bonachea et al. discuss how they have tailored
the GASNet communication library for a Cray XT.

Given this situation different libraries may be more
or less applicable than others for different programming
models and machines.
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