
Abstract

Several parallel programming languages, libraries and
environments have been developed to ease the task of
writing programs for multiprocessors.  Proponents of
each approach often point out various language fea-
tures that are designed to provide the programmer
with a simple programming interface.  However, vir-
tually no data exists that quantitatively evaluates the
relative ease of use of different parallel programming
languages.  The following paper borrows techniques
from the software engineering field to quantify the
complexity of three predominate programming models:
shared memory, message passing and High-
Performance Fortran.  It is concluded that traditional
software complexity metrics are effective indicators of
the relative complexity of parallel programming lan-
guages. The impact of complexity on run-time per-
formance is also discussed in the context of message-
passing versus HPF on an IBM SP2.

1. Introduction

When large computational problems outgrow sin-
gle processor computer architectures, users often must
consider the use of multiprocessor systems.  This de-
cision is often made with hesitation, as multiproces-
sors have a well-earned reputation for being difficult to
program.  For large codes, the cost of parallel software
development can easily surpass that of the hardware
on which the code is intended to run. As a result, users
will often choose a particular multiprocessor platform
based not only on absolute performance but also the
ease with which the multiprocessor may be pro-
grammed. Parallel computer designers have responded

by providing support for the more popular program-
ming models.  For example, much of the impetus be-
hind the design of distributed-shared memory (or
NUMA) [11,15] architectures stems from a desire to
provide programmers with a shared-memory pro-
gramming model for a distributed memory architec-
ture.  Shared memory programming models are gen-
erally considered to be simpler than other alternatives
such as message-passing.

Given the importance placed on designing lan-
guages which simplify the task of programming multi-
processors, suprisingly little empirical data exists that
quantifies the relative complexity of different parallel
programming models. Programmers often have an
intuitive sense of the complexity of a language and,
after extensive use, frequently come to share similar
opinions regarding a particular language or paradigm.
However, because programmers typically have experi-
ence with only a subset of the parallel languages and
are subject to personal bias, a comprehensive compari-
son cannot be based on an opinion poll.  Rather, the
following analysis borrows some techniques from the
branch of software engineering known as software
metrics. Cyclomatic program complexity and the
number of  source code statements are used to quantify
the relative complexity of several parallel languages by
measuring the complexity of a suite of parallel appli-
cations encoded in each of the languages. The rela-
tionship between complexity and performance is also
discussed in the context of message-passing versus
High-Performance Fortran on an IBM SP2.

2. Complexity Metrics

Software metrics are often used to give a quanti-
tative indication of a program’s complexity.  Not to be
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confused with algorithmic complexity, or Ο( ) nota-
tion, software metrics have been found to be useful in
reducing software maintenance costs by assigning a
numeric value to reflect the ease or difficulty with
which a program module may be understood. For ex-
ample, it has been found that program modules with
high complexity indices have a higher frequency of
failures [10].  As a result, software engineers are able
to easily isolate error-prone source code modules as
those with high complexity values. These modules are
then subjected to recoding or further modularization to
reduce module complexity and thereby increase overall
program reliability.

Complexity metrics are used in this study to
quantitatively compare the relative effort of using dif-
ferent parallel programming languages to encode a
given algorithm.  The effects of program modularity
are therefore ignored and all programs are treated as
though they are contained in a single module.  It is
also important to note that only user-level code is
considered when determining complexity values.
Language library function bodies are not included
since their underlying code is not specified by the
application programmer and therefore does not add to
the effort of coding an application.

Several complexity metrics exist [7], each designed
to measure different factors affecting program com-
plexity.  Two popular metrics that are used in this
study are non-commented source code statements
(NCSS) and McCabe’s cyclomatic complexity (MCC).
These metrics were chosen for their reliability as
complexity indicators and their appropriateness for
this study. The Maintainability Assessment System
(MAS) [3] tool was used to calculate NCSS and MCC
values for all programs except those written in High-
Performance Fortran. Because MAS is designed to
work with C source code files, complexity metrics for
High-Performance Fortran programs were calculated
using custom tools.

2.1. Non-Commented Source Code Statements

NCSS [6] is used to track the size of program
modules in large software projects. Since lengthy
modules can become difficult to comprehend, software
developers will often place an upper limit on a mod-
ule’s NCSS value. Note that this metric is not the
same as counting lines of source code.  Here, NCSS
includes all executable source code statements without
regard to the placement of carriage returns or other
stylistic elements. In addition, variable declarations,

preprocessor directives and comments will be excluded
from the calculation of NCSS so that we may focus on
the more salient features of a language.

Non-commented source code statements can also
be thought of as a measurement of  the quantity of
source code required to accomplish a given task. Given
two versions of a program, the one with a lower NCSS
value suggests a cleaner solution.  For example, a mes-
sage-passing language supporting a one-to-all broad-
cast library function would have a much lower NCSS
value than a language lacking this feature.  The latter
language would require the application programmer to
encode his own broadcast function, thereby increasing
the total number of source code statements.

2.2. Cyclomatic Complexity

McCabe [14] introduced cyclomatic complexity as
an indication of a program module’s control flow
complexity. Derived from a module’s control graph
representation, MCC has been found to be a reliable
indicator of complexity in large software projects [17].
This metric is based on the assumption that a pro-
gram’s complexity is related to the number of control
paths through the program.   For example, a 20 line
program consisting of 20 assignment statements is
clearly more easily understood than a 20 line program
consisting of 10 if-then statements.  The former
program would contain a single control path whereas
the latter would have over a thousand possible paths.

Unfortunately, it is generally not possible to count
the total number of paths through a given program
since backward branches lead to a potentially infinite
number of control paths.  Instead, cyclomatic com-
plexity is defined in terms of basic paths which, when
taken in combination, can be used to generate every
possible control path through a program.  From basic
graph theory [1], the number of basic paths within a
graph, G,  is bounded by the graph’s cyclomatic num-
ber which is defined as

V G e n p( ) = − + 2

where e is the number of edges in G, n is the number
of graph nodes and p is the number of connected com-
ponents. For our present purposes, p will always equal
1 and the interested reader is referred to [14] for a full
discussion of this parameter’s role in calculating V(G).

As an  example of how cyclomatic complexity is
applied, a sample program source code segment and
its related control graph are given in Figure 1(a).  This
program segment’s complexity would then be calcu-



lated as V G e n( ) = − + = − + =2 7 6 2 3.  A
simplified version of the program segment is given in
Figure 1(b). Here we condense the two for loops into
one, thereby reducing the size of the control flow
graph.  Note that although the two versions of the pro-
gram have the same value for NCSS (6), the second
version has a lower cyclomatic complexity of
V G e n( ) = − + = − + =2 4 4 2 2.

In the context of parallel programs, control flow
graphs can become extremely large if the control paths
of all possible parallel threads of execution are
charted.  However, basing MCC measurements on
such dynamic control graphs would be misleading
since the separate paths followed by each parallel
thread originate from a single source code file.  Note
also that most parallel programs are written to execute
on a variable number of processors and defining the
control flow graph in this way would produce MCC
values that increased with the number processors used
at run-time. As our interest lies in program complexity

rather than execution complexity, our MCC measure-
ments are derived from the parallel source code file in
the same manner as sequential programs.

Although NCSS and MCC generally tend to be in-
sensitive to programming style, the example given in
Figure 1 demonstrates how algorithmic preferences
can affect complexity measurements.  To mitigate the
effect of individual programmer style, algorithmic
changes in different versions of a given program were
allowed only when the changes were due to features of
the programming language.

3. Experimental Environment

A suite of representative programs was used to
compare the various languages presented in this study.
Each test program was ported to several different
parallel systems using languages available on each
system.  Although not an exhaustive collection, these
test programs are felt to be representative of the types

 /* reverse the string s */

 len = strlen(s);

 for( i = 0; i < len; i++)
temp[i] = s[i];

 for( j = 0; j < len; j++){
i--;
s[j] = temp[i];

 }
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 /* reverse s in place */

 j = strlen(s);

 for ( i = 0; i < j; i++){

j--;
c = s[i];
s[i] = s[j];
s[j] = c;

}

e2 e3

e4

e1

n1

n2

n3

n4

a) Program segment and related control-flow graph.

b) Simplified version of the above program segment.

 Figure 1. Two versions of a string reversal program and their related control-flow graphs.



of parallel program kernels one might expect to find
running on typical parallel processing systems.

3.1. Test Programs

The test programs can be roughly divided into
three categories, each containing two programs.  The
sobel and filter image processing programs where
chosen to represent regular, easily parallelized code.
Hough and warp require larger data transfers and use
less regular communications patterns than those of
sobel and filter but they do not send a large number of
messages. Finally, gauss and TRFD represent a class

of communication-intensive problems that require a
large number of various-sized messages. More detailed
descriptions of the test programs are given in Figure 2.

3.2. Programming Languages

The above applications were written using the five
different parallel programming languages listed in
Figure 3.  Note that the word “language” is used rather
loosely here. Often, parallel programs use ordinary C
or Fortran compilers which then link with libraries
that facilitate parallel operations, such as message-
passing, synchronization or establishing shared-

Program Description

sobel
Calculates magnitude and direction gradients of an input image.  Image matrices are distrib-
uted in block-checkerboard fashion and communications result from the need to share bound-
ary data among processors holding data from adjacent input image submatrices.

filter
Averaging (low-pass) image filtering program which calculates the value of an output image
element as the weighted sum of up to 36 neighboring pixel elements in the input image.  Data
partitioning and communications are similar to those of sobel.

hough
As an instance of the more general Hough transform [4], this program detects straight lines in
the input image by finding points of intersections between lines.  This algorithm therefore
relies on both nearest neighbor and global communications.

warp
Spatial domain image restoration algorithm that aligns an input image along a given axis
[18]. This program exhibits very irregular communications because picture elements may
need to be shifted substantially depending on their proximity to the axis in question.

gauss
Gaussian elimination with back substitution.  The rows of the input matrix are distributed in a
cyclic pattern.  This algorithm is very communication intensive, requiring several point-to-
point, broadcast and  reduction operations.

TRFD
A member of the Perfect Club benchmark suite which simulates a  two-electron integral
transformation using a fourth-order tensor equation [13].  The algorithm is a series of matrix
multiplications and transpositions requiring several point-to-point communication operations.

 Figure 2.  Test program descriptions.

Language Description
PVM A popular message-passing language developed at Oak Ridge National Labs [5].  Except

where noted, PVM version 3.3 was used for all measurements.
MPI A proposed standard for message-passing with many implementations [8].  Results are

based on version 1.1 of the MPI standard.
SMP Symmetric shared-memory multiprocessors explicitly fork parallel threads and allocate

shared-memory arenas through which these threads may communicate data.

Shmem
The Cray T3D’s Shmem library [2] allows the programmer to directly access a remote
processor’s memory through simple memory-to-memory copying (i.e. get() and put() ).
The library also includes simple group communications operations.

HPF
High-Performance Fortran [9] extends the semantics of ordinary serial programming lan-
guages to include vector and array operations.  The programmer explicitly specifies data
partitioning but allows the compiler to generate any necessary data communications.

 Figure 3.  Programming languages used in this study.



memory arenas.  The lone exception is High-
Performance Fortran (HPF) which contains special
parallel constructs within the language definition.
However, for the sake of convenience, we will hereaf-
ter refer to all of these parallel programming para-
digms as “languages.”

The languages used in this study can be grouped
into three categories: message passing (PVM and
MPI), shared memory (SMP and Shmem) and implicit
parallel languages (HPF).  With the exception of the
Shmem libraries, each of these languages run on mul-
tiple hardware platforms.  The Shmem library runs
exclusively on the Cray Research T3D and T3E but is
included here to represent possible alternatives to true
shared memory programming models that may be
found in shared virtual memory systems [12] or dis-
tributed shared memory multiprocessors.

4. Complexity Results

The normalized NCSS and MCC values for each of
the languages used in this study are summarized in
Figure 4.  In these figures, all parallel complexity val-

ues have been normalized to their equivalent serial
program values.  In all cases, complexity metrics were
applied only to the application kernels without regard
for I/O or data initialization code.

4.1. Message-passing Languages

From Figure 4, it is clear that programs written in
a message-passing language tend to be substantially
more complex than the equivalent sequential pro-
grams, although complexity values varied widely
across different test programs. The message-passing
versions of filter and warp show the most pronounced
increase in complexity.  The serial versions of these
programs have relatively small computational kernels
that iterate over the input image.  The addition of mes-
sage-passing code therefore adds a significant amount
of complexity since simple memory references in the
serial code must be replaced with several  message
sends and receives with neighboring processors.
Warp adds the additional complication of an irregular
communication pattern that must be resolved at run
time. Sobel has communication requirements similar
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to filter but its computational kernel is larger relative
to its communication requirements.  Since this large
kernel is essentially the same in both the serial and
message-passing versions, the complexity added by
message-passing is less pronounced.

The hough benchmark does not show as significant
an increase in complexity as sobel, filter and warp.
Hough’s predominate communication operations are
array reductions for which message-passing languages
provide integrated support.  That is, given an array
distributed across several processors, PVM and MPI
are able to reduce these arrays to a single maximum,
minimum, sum, etc. with a single function call. Simi-
lar reduction operations are required in gauss, but
gauss also requires several broadcast and point-to-
point messages that tend to offset this advantage of the
message-passing languages.

The message passing versions of TRFD shows a
comparatively small increase in complexity compared
to the other programs despite being one of the more
communication-intensive programs.  There are two
explanations for this apparent discrepancy.  First, like
sobel, the computational kernel of TRFD is compara-
tively large.  Secondly, although TRFD generates
many messages at run time, these messages originate
from only a few message-passing function calls that
are called repeatedly within looping constructs.

Note that PVM programs consistently produce
slightly higher complexity values than those of MPI
programs. This increased complexity is a result of sev-
eral subtle differences in the languages.  For example,
the PVM programs required more data pack-
ing/unpacking operations and PVM provides less pow-
erful reduction operations than MPI.  Also, MPI han-
dles task spawning and the assignment of task IDs
somewhat more elegantly than PVM.

4.2. Shared-memory Languages

The shared-memory programs generally produce
noticeably lower complexity values compared to their
message-passing equivalents.  Much of this difference
can be attributed to the absence of data packing, un-
packing and send and receive operations which are an
intrinsic feature of message-passing languages but are
not needed in the shared-memory languages. Instead,
shared objects are referenced directly without the need
to explicitly pass them between processes.

Note that the programs written using the Cray
Shmem library typically showed higher complexity

values than the respective SMP programs.  This differ-
ence is a consequence of the Shmem library’s distrib-
uted view of memory. Although objects on different
processors may share the same name, remote refer-
ences to these objects must be made through Shmem
library calls prefaced by a PE number in a fashion
similar to message-passing.  For example, if a one
hundred element array, A, is distributed across proces-
sors P0 and P1, and P0 wishes to write into P1’s por-
tion of this array, P0’s program would be similar the
following code segment:

  int A[50];
  int B[10];

  main( ){
...
if ( myid == 0)

Shmem_put( B, A, 10, 1);
  }

In fact, this code shares much in common with a
send message-passing operation although no match-
ing receive is required.  The Shmem library’s hy-
brid design is reflected in its complexity values which
typically fall between those of the message-passing
languages and true shared-memory code.

The exception to this observation occurs in hough
which actually produced slightly higher complexity
ratings for the SMP version than the Shmem and the
message-passing versions.  This anomaly is a result of
the many reduction operations in hough for which the
Shmem library has built-in support but which must to
be hand-coded when using an SMP programming
model.

4.3. High-Performance Fortran

HPF programs do not explicitly specify process
spawning, communication or synchronization.  Con-
sequently,  they tend to require fewer source code
statements to encode a given program than the other
parallel languages. In fact, hough, gauss, and TRFD
written in HPF actually required fewer statements than
the original serial versions. HPF produces low NCSS
values  for these programs because they are easily de-
scribed as sequences of matrix operations.  A major
strength of HPF is its support of high-level vector and
matrix operations which are not found in ordinary
serial programs.  For example, a sequential element-
wise addition of two matrices would be written in
standard Fortran as



    do 20 i = 1, x
do 10 j = 1, y

C(i,j) = A(i,j) + B(i,j)
10 continue
20  continue

However, the equivalent operation in HPF would re-
quire only a single assignment statement :

C = A + B

Turning to the MCC complexity results, we see
that HPF does not fare as well as with the NCSS com-
parisons. The MCC values for HPF tend to be high
compared to the NCSS values for the same program
because of HPF’s “shorthand” forall notation for
array operations.  A single forall statement typi-
cally contains several predicates.  For example, the
following code fragment was taken from the HPF ver-
sion of  warp:

forall( i = 1:16, j = 1:16, k = 1:4)
    warp_coeff(k,j,i) = q(k,j)*q(1,i)

Note that this code fragment would produce an
NCSS value of 2 ( one forall statement plus one
assignment statement).  An equivalent sequential pro-
gram would require three nested do loops and one
assignment statement resulting in an NCSS value of 4.
However, both versions produce MCC values of 3.

Despite the simplicity of the HPF programming
model, overhead is introduced by explicit data distri-
bution directives and additional code used to reduce
interprocessor communication.  For example, HPF

programs often make several local copies of remote
data and additional user code is required to manage
these copies. This additional programming effort tends
to increase HPF programs’ complexity ratings.

5. Performance Results

In an earlier study [16], we found that language
complexity and program performance generally cannot
be correlated.  Rather than stemming from features
inherent to a  particular language, performance was
often found to depend on application characteristics
and language implementation issues. Some general
observations concerning performance can be made,
however.  For the sake of brevity, we present perform-
ance data for a single machine, an 8-node IBM SP2.
These results are representative of more general trends
although they are constrained to the message passing
languages and HPF since the shared memory style of
programming is not supported on the SP2. The inter-
ested reader is referred to [16] for more complete per-
formance data.

The performance results for the IBM SP2 are given
in Figure 5.  In this figure, performance has been
normalized to the longest running version of a particu-
lar application.  That is, each test program was en-
coded in all five languages and the language that pro-
duced the longest execution time was used to normal-
ize the remaining four versions of the program.  Pro-
gram timings were taken during periods of dedicated
machine use to avoid multitasking and network con-
gestion effects.  Several runs of each version of the
application programs were measured and averaged to
insure that the reported run times are not the result of
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temporary fluctuations in performance.  In Figure 5,
MPI-IBM and PVMe represent the vendor-supplied
versions of the respective message-passing libraries
while MPI-ch and PVM represent the public domain
implementations.

Concentrating first on the public domain versions
of the message passing languages, it is clear that nei-
ther PVM nor MPI offers a clear performance advan-
tage.  The PVM version of warp, for example, ran
considerably faster than the MPI version, but this
situation is reversed for gauss.  In general, what is
most notable about the relative performance of public-
domain versions of PVM and MPI programs is the
unpredictability of the resulting run times.  This is not
the case for the commercial implementations, how-
ever.  As Figure 5 shows,  the relative performance
differences between  PVM and MPI are comparatively
slight for the commercial implementations.  Moreover,
the performance of the commercial implementations
tends to be better than that of the corresponding public
domain implementations.

HPF program performance varied considerably
across the six application programs.  The HPF ver-
sions of sobel, gauss and TRFD yielded run times
comparable to those of their message-passing equiva-
lents while filter, hough and warp ran several times
slower than the fastest message-passing version. HPF
tends to perform best when an application can be eas-
ily decomposed into a series of vector and array opera-
tions and gauss and TRFD conform to this style of
programming.  Sobel, although less regular than gauss
and TRFD, is easily parallelized due to the compara-
tively simple operation it applies to its input matrices.
The remaining programs require more irregular data
communications which are not as easily handled by
the HPF compiler and therefore produce slower execu-
tables.

6. Conclusions

Because complexity metrics are designed to reflect
a programmer’s intuitive sense of  a program’s relative
clarity, the confirmation of complexity results can be
somewhat subjective.  In large software development
efforts where program maintenance is tracked, these
metrics have been substantiated by demonstrating their
correlation with bug reports and maintenance costs.
In the absence of such maintenance data for the test
programs used here, it has been assumed that these
metrics can be extended to parallel programs. Al-
though the final word regarding the validity of this

assumption will require further work, the complexity
results given in Figure 4 match the authors’ experi-
ence using these languages and can be understood in
terms of the features of each language.

Overall, message-passing languages tend to pro-
duce the highest complexity values, with PVM show-
ing slightly higher values than MPI.  Shared-memory
programs show lower complexity values than message-
passing languages and within this category, SMP pro-
grams usually produced lower NCSS and MCC values
than those written using the Shmem library.  HPF pro-
grams are often very concise as evidenced by their low
NCSS ratings, but showed no clear advantage over
SMP programs based on MCC ratings.  In general, the
complexity added to programs by using a parallel lan-
guage can be largely attributed to five main factors :

1. Separate control paths for different “classes” of
parallel threads.  Often, the code executed by a
particular parallel thread depends on what role
that thread is currently playing in the overall
parallel computation.  For example, when doing
Gaussian elimination using partial pivoting, the
pivot row (or column) requires special processing.
If the input matrix is partitioned among proces-
sors, the processor holding the pivot row will need
to execute along a different control path than the
other processors to handle the special processing
of the pivot row.  This type of code dichotomy is
common in message-passing and shared-memory
programs but has no analogue in HPF programs.

2. Explicit exchange of data.  Partitioning data
among several processors usually necessitates
communicating data between processors.  The
bulk of the message-passing libraries consists of
functions which implement various types of inter-
processor communications operations. The T3D
Shmem library does not require both an explicit
send and receive and therefore adds less complex-
ity in this regard. In addition to the communica-
tion call itself, several message-passing source
code statements may be required to either pack
data to be sent or to unpack received data. Using
HPF, interprocessor communication operations
are generated by the compiler and are therefore
hidden from the programmer.

3. Data partitioning .  Data partitioning is done
explicitly in HPF when data objects are declared.
With MPI, PVM and Shmem, data are implicitly
distributed. The global data objects are then pro-
grammer abstractions constructed by combining
these distributed objects. In addition, all of these



languages often need to create local copies of re-
mote data to minimize data communications
overhead.  In contrast, true shared-memory pro-
gramming does not require data partitioning nor
does it require the programmer to differentiate
between local and remote memory.

4. The need to spawn several parallel  threads.
Process spawning is normally done explicitly in
PVM and SMP programming, whereas MPI,
Shmem and HPF programs spawn the appropriate
number of processes automatically based on com-
mand line options or the run-time environment.

5. Explicit synchronization library calls.  Al-
though the passing of messages between proces-
sors often serves as a form of process synchroni-
zation, it is sometimes necessary to insert explicit
synchronization calls into message-passing pro-
grams.  Shared-memory languages do not have
the inherent synchronization implied by the
sending and receiving of data and therefore gen-
erally require more such operations than message-
passing languages.  HPF requires no explicit proc-
ess synchronization.

Although programming complexity is a major con-
cern for application developers, performance is ulti-
mately the reason for employing a multiprocessor.  If a
language compiler does not produce executables which
take advantage of  the underlying architecture, little is
gained by moving to a parallel hardware platform.  For
the message-passing languages MPI and PVM, the
results of Section 5 and earlier studies [16] suggest
that neither language offers a clear performance ad-
vantage over the other.  Of more importance than the
choice between PVM and MPI is choosing an efficient
implementation of either message-passing language
for the given system.  In general, language implemen-
tations which are based on a thorough understanding
of the underlying system are essential to good per-
formance.  Vendor-supplied implementations of these
languages, such as those found on the SP2, tend to
perform better for this reason than public domain im-
plementations.

HPF programs on the SP2 varied dramatically in
performance compared to the message-passing lan-
guages.  Although the HPF programs never produced
faster executables than the fastest message passing
language for a given program, sobel, gauss and TRFD
demonstrated comparable performance.  The remain-
ing test programs ran several times slower when
compiled from HPF sources.  It is assumed that some
portion of this performance gap can be attributed to

the relative maturity of the message-passing libraries
when compared to the newer HPF compiler.  However,
given adequate implementations of both types of lan-
guages, it seems likely that programmers willing to
code at a level close to the underlying parallel hard-
ware will continue to produce faster executables than a
compiler translating high-level code.

When restricted to message-passing languages and
HPF, parallel language complexity and performance
currently seem to share an inverse relationship much
like that which exists between assembly language pro-
gramming and higher-level sequential programming
languages.  However, while the performance differ-
ence between hand-coded assembly and that generated
by, for example, a C compiler is generally considered
small enough to warrant the use of C, this is not yet
the case for parallel languages.  Although some of the
SP2 results give cause for optimism, it is not clear that
the relative simplicity and hardware independence of
HPF programs will justify the corresponding loss in
performance.

Shared memory languages and systems may offer
an attractive compromise.  These languages produce
complexity values that typically fall between message-
passing and HPF and yet are not far removed from the
hardware model on which they run. While the use of
this programming paradigm has traditionally been
restricted to SMPs with a limited number of proces-
sors, the advent of commercial distributed-shared
multiprocessors [15] allows a shared memory style of
programming to be used on larger systems.
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