
Flexible Control of Data Transfers between Parallel Programs ∗

Joe Shang-chieh Wu and Alan Sussman
Department of Computer Science

University of Maryland, College Park, MD 20742, USA
{meou,als}@cs.umd.edu

Abstract

Allowing loose coupling between complex e-Science appli-
cations has many advantages, such as being able to easily
incorporate new applications and to flexibly specify how
the applications are connected to transfer data between
them. To facilitate efficient, flexible data transfers between
applications, in this paper we describe methods for making
decisions at runtime about when such transfers will occur,
and for flexibly specifying when data transfers are desired.
We also present preliminary experimental results that mea-
sure the overheads incurred by our approach.

1. Introduction

Compared to the development of traditional large scale
scientific simulations, the new e-Science paradigm com-
posed of heterogeneous applications has many advantages.
Integrating well-tested modules that each best model some
part of the physical system being simulated, and deploying
them as a Grid-based loosely coupled system, rather than
developing a single tightly coupled monolithic code, can
be both a more efficient and flexible way to develop large-
scale software systems.

The coupled approach also makes it easier to investi-
gate the entire physical system broken down into its vari-
ous components. For example, the family of various mag-
netohydrodynamics (MHD) equations used to model space
weather is an example. As discussed by Gombosi et. al. [8],
the MHD equations are used extensively in numerical-
based large-scale space science simulations, and the impact
of those different MHD codes can be investigated more eas-
ily in loosely coupled software systems.

In addition, the computational capabilities of emerging
e-Science applications allow us to explore more thoroughly
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important physical phenomena that are so complex that no
single research group has the ability to attack the problem
alone. For example, the Earth System Modeling Frame-
work is a consortium of several U.S. federal agencies and
fifteen universities [3]. The loosely coupled approach also
benefits other multi-scale, multi-resolution simulations, as
described for petroleum reservoir simulation in [13].

The various coupled applications may employ different
scales in both time and space, either because of the scale of
the phenomena being modeled or because of the numerical
techniques being employed. The interfaces between pro-
grams, which are the shared boundaries between physical
models, must be made consistent in both time and space
to obtain correct results. As compared to issues related to
dealing with large variances in time scales, spatial resolu-
tion differences are easier to deal with, at least from the
coupling viewpoint. Figure 1 shows one way of dealing
with multiple spatial scales — introducing an agent that
performs interpolation on the grids used for the numerical
modeling in the two components. The role of the agent in-
cludes transformation between coordinate systems and the
proper scattering/gathering of data across shared bound-
aries. The MxN working group in the Common Compo-
nent Architecture (CCA) Forum [2, 4] is also addressing
some of these issues, but not the one we concentrate on
here, namely dealing with the varying time scales in differ-
ent applications.

In this paper we offer a low overhead, modular archi-
tecture, as well as a runtime solution for dealing with
multiple time scales across applications. Both Interoper-
able MPI (IMPI) [7], which is a set of protocols to in-
tegrate multiple MPI programs, and MPICH-G2 [16], a
Grid-enabled implementation of the MPI v1.1 standard,
leave the solution of these issues up to the application.
Meta-Chaos [5], InterComm [15], Parallel Application
Work Space (PAWS) [11], and the Model Coupling Toolkit
(MCT) [14] all focus on solving the problem of sharing dis-
tributed data structures between parallel application com-
ponents. Roccom [9] offers an object-oriented software
framework for parallel rocket simulations, and the Collab-
orative User Migration User Library for Visualization and
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XP = BuildDescriptor(X)
      ...
Call Export(XP)
      ...
Call Import(XP)

InterComm InterComm
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X.interpolate();
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Y[iGridB].send()
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YP = BuildDescriptor(Y)
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Call Export(YP)

Call Import(YP)
          ...

          ...

          ...

MPI, P++, ...
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Figure 1. Dealing with different spatial resolutions

Steering (CUMULVS) [6] is middleware for the remote vi-
sualization and steering of parallel applications. All these
systems mainly target support for moving data between
parallel components, while this paper concentrates on the
problem of when to perform the data transfers.

Coordination languages, such as Linda [1] and its varia-
tions, offer a general purpose tool for a distributed comput-
ing environment. However, the generalized functionality
such languages offer does not work well in a high perfor-
mance simulation environment. The inherent complexity
of the generalized approach pays a high, and unnecessary,
cost in overhead. We advocate that, instead of using a gen-
eral and high overhead solution, a more targeted and low
overhead approach to the problem is a better solution.

Although arbitrary coordination between the compo-
nents (programs) in a loosely couple scientific system is
not necessary, two properties should hold. First, only the
specification of the interface to other programs needs to be
known by each coupled program, making it easy to replace
a program by another with the same interface. Second, the
decision about when a data transfer will occur should be
made by the runtime system, which is the only entity that
has a complete view of all the interacting components. One
implication of this design is that if a component generates
data for which there is no other component that requires the
data, the unneeded data should be discarded by the runtime
system without affecting the behavior (or performance) of
the entire system. All that is important in such a loosely
coupled system is that data that is required by one com-
ponent should be delivered in a timely manner from some
other component, and data that is provided by a component
but not needed by any other component should not cause
any correctness or performance problems elsewhere.

The second property is related to the common behav-
ior of numerical simulation techniques. Although classi-
cal algorithms compute solutions over time at a fixed fre-
quency (time step), variable-sized intervals (explicit time
steps) have theoretical and practical advantages in some

applications, as shown for example in [10]. Visualization
of scientific simulation data, for example as shown in [12]
may also benefit from variable-sized intervals. Rather than
ingesting generated data at fixed intervals, the visualization
program can use a loop to fetch whatever is the most cur-
rent data as the simulation is running, and then generate the
visualization data to be viewed. In this scenario, the inter-
val between data fetches depends on runtime variables such
as the graphics processing speed, the system load where the
visualization is running, and the size of data to be trans-
ferred — it does not need to be a constant. This means
that a good solution to the problem would not fix the time
when the data exchanges should be performed in advance,
but that all decisions should be made at runtime based on
the current overall system state.

The rest of the paper is organized as follows. Section 2
describes the overall system architecture, and Section 3 ex-
plains how flexible matching between applications provid-
ing data and applications requiring data is specified and
performed. Preliminary experimental results are described
in Section 4. Section 5 concludes and describes some fu-
ture work.

2. Architecture

Many scientific computing programs, for example in
a set of coupled programs for a simulation of a physical
system, employ numerical algorithms to solve systems of
equations iteratively. Each iteration is typically composed
of two parts: computation on the domain where that pro-
gram is relevant and data exchange across physical bound-
aries shared with other programs. Our design provides
methods for exporting (sending) and importing (receiving)
data between programs, once the relevant (distributed) data
structures are defined.

Although each program must define its contributions
(called regions in our framework) to a data transfer, the re-
lated counterparts on the other side of the data transfer do
not need to be defined. From the point of view of a data
exporting program, the program defines its regions once,
and exports the desired data as often as it desires, nom-
inally when a new, consistent version of the data across
the parallel program is produced (note that the data for a
region can span multiple processes in the program, so the
parallel program must ensure that a consistent version is ex-
ported). The program does not have to concern itself about
which and how many programs will receive the data, or
even whether a data transfer will actually occur. Data im-
porting programs also only define their regions once, and
import data as needed, without knowing anything about the
corresponding exporters. The connection between importer
and exporter programs is provided by the framework, and
an example is shown in Figure 2.
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define region Sr12 define region Sr0
define region Sr4 ...
define region Sr5 for(...) {
... import Sr0
for(...) { ...
export Sr12 }
export Sr4
export Sr5
...

}

Exporter Ap0 code Importer Ap1 code

Figure 2. Example exporter and importer programs

Our framework uses a configuration file that is separate
from the importing and exporting programs, and contains
information about how to connect imported and exported
regions as well as all the information required to execute
the coupled programs. An example configuration file looks
like:

Ap0 cluster0 /home/user1/bin/Ap0 2 ...
Ap1 cluster1 /home/user1/bin/Ap1 4 ...
Ap2 cluster2 /home/user1/bin/Ap2 16 ...
Ap4 cluster3 /home/user1/bin/Ap4 4 ...
#
Ap0.Sr12 Ap1.Sr0 REGL 0.05
Ap0.Sr12 Ap2.Sr0 REGU 0.1
Ap0.Sr4 Ap4.Sr0 REG 1.0

The configuration file contains two parts, The first part de-
scribes the required runtime environment information, in-
cluding (1) what resource to run each program on, (2) the
file system location of the executable program, and (3)
what command and switches to use to run the program (in-
cluding how many processors to run on for a parallel pro-
gram). In the example, the parallel program Ap0 will run
on machines in cluster cluster0, its executable is located in
/home/user1/bin/Ap0, and it will run on 2 processors in the
cluster. Runtime information is also shown for three other
programs that are part of the coupled set of programs.

The second part of the configuration file describes the
mappings between exporter regions and importer regions,
by specifying the data that will be transferred at runtime.
In the example, the first two mappings specify that data
must be transferred from region Sr12 in program Ap0 both
to region Sr0 in program Ap1, using a matching criterion of
REGL with a precision of 0.05, and to region Sr0 in pro-
gram Ap2, using a different matching criterion of REGU
with a precision of 0.1. The third mapping specifies that
region Sr4 in program Ap0 transfers data to region Sr0 in
program Ap4, with a matching criterion of REG with a pre-
cision of 1.0. Note that even though exporter region Sr5

in program Ap0 has been defined, as seen in Figure 2, that
region will not be involved in any data transfers, because
the configuration file does not specify any corresponding
importer regions. The details of the three matching criteria
(REGL, REGU, and REG) will be discussed in Section 3.

The design goal of using a separation configuration file
is to provide flexibility. By defining the mappings between
source and destination regions separately from each pro-
gram, a user can easily change the runtime matching re-
lationships, without modifying the source code in either
the source or destination program. Similarly, it becomes
straightforward to replace the source (or destination) pro-
gram with another program that provides the same inter-
face, by simply modifying the configuration file. Moreover,
each program can be developed independently and only the
author of the configuration file, who is the one coupling the
programs that will run, needs to specify the detailed infor-
mation about the runtime data transfers.

2.1. System Architecture

We briefly discuss the main components of the runtime
system that supports the matching process, as shown in Fig-
ure 3. The configuration file discussed earlier is read in
the initialization stage for each program. As shown on the
left side of Figure 3, if an exported data object might get a
match, meaning that it might match an import in some other
program, a copy of it is saved by the system. However, if
no matching specification exists that requires the exported
data object, or the exported data object will not match any
potential import, based on the matching criteria in the con-
figuration file and the imports that have already been seen
by the system, the system does nothing and returns to the
caller.

A matching decision is made when an import request is
received. Based on saved data and the matching criteria
for that import request, the possible status for the received
request will be Yes, Never, or Pending. As shown in the
middle of Figure 3, a data transfer from the exporter to the
importer will be triggered if the request can be satisfied by
saved data (a Yes response). If a decision cannot be made
yet because possible candidates will be exported in the fu-
ture, the answer would be Pending. If the system can deter-
mine that a match can never be made now and in the future,
the answer Never will be returned to the importer. The de-
tails of the matching process will be discussed in Section 3.

We now describe how an import request is handled in the
importing part of the runtime system. As shown in the right
side of Figure 3, when a data object is imported the system
first checks, based on the information obtained from the
configuration file, whether a corresponding exporter exists.
If one exists, the system sends a request to the exporter,
and waits for an answer, otherwise the request fails (returns
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Figure 3. Main system components

Never) because no corresponding exporter exists. If the ex-
porter returns Yes, the importing part of the system issues a
receive for the matching data object. If the exporter returns
Never, the system also returns that to the caller. However,
there are two options when the exporter returns Pending.
If a blocking import call is made the runtime system in
the importing part of the system will wait until a Yes or
Never answer is returned from the corresponding exporter
(as specified in the configuration file). If the importer made
a non-blocking import call, it must test the handle returned
by the runtime system until the import call has either com-
pleted or failed (or wait until the operation completes).

Applications may be parallel programs, running as mul-
tiple processes on multiple host machines. For parallel pro-
grams (e.g., MPI programs), import and export requests are
collective [17], meaning that all processes in a program
must make the same calls in the same order, with con-
sistent parameters. In our system, one of processes is se-
lected by the runtime system as the representative process
for those parallel programs. The representative process has
three additional responsibilities. First, it forwards requests
and replies from the other processes in this parallel pro-
gram to other programs. Second, it exchanges forwarded
requests and replies with representative processes of other
programs. Third, the representative in the importer caches
matching information obtained from the exporter program
and makes it available to all processes within the importer
program. With the help of those representatives, consis-
tent decisions can be made across all processes in parallel
programs and results are shown in Section 4.

3. Matching exports to imports

As discussed in Section 2, exporters generate time
stamped data objects and importers request such objects.
For example, if an exporter produces an array A (i.e., a data
object containing the contents of array A) at time stamp
1.2, the stamped data is composed of the data from array A
and a time stamp 1.2. For simplicity, we use data@stamp
to denote the stamped data. In our example, the stamped
data is A@1.2. Also we require the time stamps in a se-
quence of export or import calls for the same data object
to be an increasing function of execution time — that is, if
the most recently exported data object is A@1.2, the next
data object from the same exporter (or importer) must be
A@y with y > 1.2 (of course, the contents of A may have
changed between the two exports).

Data transfers are initiated by an request from an im-
porting component. For each request, the corresponding
exporting component must determine which data object
matches the request, if any. In other systems, this issue
is solved implicitly — the logic is embedded in the appli-
cations. For example, if the importer needs data every 5
time units, the exporter will send data every 5 time units.
This method is a simple and efficient solution when both
the importer and exporter applications are implemented by
the same person, or by the same research group. However,
such a scenario becomes a problem when the importers and
exporters are produced by different research groups, for ex-
ample, as described in [3]. Similarly, it may be difficult to
build the logic in each application to match exports and
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imports if time stamps on objects are not generated in a
regular fashion (e.g., the time scale in the importer is not a
multiple of the one in the exporter).

3.1. Matching policies

We now describe our solution to the matching prob-
lem. Consider the following scenario: the exporter pro-
duces a sequence of data objects with time stamps: A@1.1,
A@1.2, A@1.5 and A@1.9, and the importer requests a
data object that matches A@1.3. The question becomes,
which exported object matches the request, if any? We de-
fine a matching criterion denoted by a 〈matching policy,
precision〉 pair. The matching policy determines whether
and how a match is made between two time stamps. For ex-
ample, one matching policy that we call the greatest lower
bound (GLB) requires that A@1.2 be the match for the
A@1.3 request (the names we use are from the point of
view of the importer request). Another example matching
policy is called the least upper bound (LUB), which for
our example would match A@1.5 to the A@1.3 request.
From the viewpoint of the importer, GLB can be viewed
as matching the time stamp of the latest export with time
stamp less than or equal to the requested one, and LUB as
matching the earliest export with time stamp greater than
or equal to the requested one.

Interestingly the same exported data object might be the
match for different requests. As in the previous example, if
the matching policy is GLB and the first request is A@1.3,
A@1.2 is the match. If the next request is A@1.4, A@1.2
is once again the match.

3.2. Precision

Although the LUB and GLB policies offer some flexibil-
ity, bounding the time stamp values that are acceptable can
also be useful — an application may not want to get a data
object that has a stamp too far from what it has requested.
We allow the specification of a precision for each match-
ing policy, which enables such control over stamp matches
— the precision determines how far apart the stamps in the
exporter and importer are allowed to be.

More formally, the precision specified for a match is the
tolerance allowed between the stamps specified by the im-
porter and the exporter for the matching data objects. For
example, if the GLB policy is specified with a tolerance of
0.05, the importer request from our earlier example would
return Never for the request A@1.3 because no exporter
object has a stamp in the range [1.25, 1.3]. The A@1.2
in the exporter would be the GLB match for the importer
request A@1.3, but it is not within the specified interval.

3.3. Supported matching policies

In addition to the previously described GLB and LUB
policies, we also define several other matching policies that
may be useful for coupling some types of applications. We
use x as the requested time stamp from the importer, f (x)
as the potential matched stamps from the exporter, and p as
the desired precision.

LUB Least upper bound match — the minimum f (x) such
that f (x) ≥ x.

GLB Greatest lower bound match — the maximum f (x)
such that f (x) ≤ x.

REG Region match — f (x) minimizes | f (x) − x|, and
| f (x)− x| ≤ p.

REGU Region upper match — f (x) minimizes f (x)− x,
and 0 ≤ f (x)− x ≤ p.

REGL Region lower match — f (x) minimizes x− f (x),
and 0 ≤ x− f (x) ≤ p.

FASTR Fast region match — any f (x) such that | f (x)−
x| ≤ p.

FASTU Fast upper match — any f (x) such that 0≤ f (x)−
x ≤ p.

FASTL Fast lower match — any f (x) such that 0 ≤ x−
f (x) ≤ p.

We enumerate some observations about the various
matching policies:

1. Given a requested stamp x, if a corresponding f (x)
cannot be found based on the given matching criteria
(i.e., the matching policy and precision), Never would
be returned to the importer.

2. The REGU (REGL) policy is the same as LUB (GLB)
with a precision value added. LUB (GLB) can be
viewed as REGU (REGL) with a precision of infinity.

3. For region matchings (LUB, GLB, REG, REGU, and
REGL) the matching stamp, f (x), is selected such that
the difference between f (x) and x, called the reference
stamp here, is minimized if more than one stamp falls
within the precision. However if multiple stamps are
eligible, and the importer does not care which one is
returned, FASTR, FASTU, and FASTL can be used
and the overall performance would be better than for
the more tightly constrained matching policies.
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Figure 4. Region match properties

3.4. Region matchings properties

Several issues are specific to region matchings. First,
for GLB and REGL, the matching result remains ”Pend-
ing” even if the most current exported object stamp is ac-
ceptable — because the next exported object stamp might
be the match, as shown in Figure 4(a). Here we denote ex-
ported stamps by filled circles and possibly future stamps
by hollow circles. In this example, A@t1 is the most cur-
rent exported object in the system and is also the current
match candidate, but it will not be the match if the next ex-
ported object is A@t2. However a final decision that A@t1
is really the match can be made if the next exported data
object is A@t ′2 rather than A@t2. If the most current stamp
t1 is also before the reference stamp tr, the REG matching
policy also has a similar property, as shown in Figure 4(a).

In such situations, a deadlock may occur if the runtime
system has only one buffer to store saved objects with dif-
ferent stamps — because the exporter has no place to save
the second stamped data object, so the status would be
”Pending” forever. Although using more than one buffer
is the simplest solution to this problem, that might not be
feasible if the size of the data objects is very large, which
may not be uncommon in scientific applications. In this
case, one buffer and one look-ahead can be used — the
look-ahead checks only the stamp of the next exported data
object to see if it is better than the previous one, so that
the buffer can be overwritten if needed (the new object is
the match rather than the previously saved one). If the new
object is not acceptable, then the runtime system has de-
termined that the current saved object is the match and the
data transfer of the buffered object can be performed.

Second, for the REG, REGU, and REGL policies, the
match request is for a bounded interval around the refer-
ence stamp which is either inside (REG) or on the boundary
of (REGU, REGL) the interval. In all three cases, match
decisions can only be made after a data object with a stamp
value greater than the reference stamp is exported — oth-
erwise the match cannot be determined for certain. This is

not a problem for the REGU policy, for which that wait-
ing data object is the desired match, but some delay would
be introduced in determining a match for the REGL policy,
because the new data object is not the one that is returned
as the match — it is only used to determine that the match
can be made. For the REG policy, the additional delay may
or may not be extra overhead — that depends on which
stamp is the match, the one just before or after the refer-
ence stamp. In the example in Figure 4(b), tr is the refer-
ence stamp and t3 is the most current stamp. When A@t4 is
exported, it would be the match for the REGU policy and it
also assures that A@t3 is the match for the REG and REGL
policies.

Third, there is an interesting connection between the
LUB and GLB policies — their decision making process
is very similar. The decision for when a match is made for
both policies can only be made when a data object is ex-
ported with a time stamp greater than the reference stamp.
More precisely, the decisions for both the LUB and GLB
policies are made at exactly the same time (when the trig-
gering export occurs), and the matching results are from
two consecutive exports (the one just before the reference
stamp and the one just after). In Figure 4(c), tr is again the
reference stamp and t5 is the most current stamp. Both the
matches for the LUB and GLB policies can be determined
only after A@t6 is exported. Here LUB will match A@t6
while GLB will match A@t5.

4. Preliminary Experimental Results

Our runtime system is implemented using C++, the C++
Standard Template Library, and Pthreads, and uses the In-
terComm library [15] to perform the parallel data trans-
fers. To investigate the behavior and performance of the
matching techniques, we performed experiments using a
two-dimensional linear partial differential equation solved
via the finite element method. The experimental environ-
ment is described as follows:

• The equation is utt = uxx + uyy + f (t,x,y), a two-
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dimensional diffusion equation with a forcing func-
tion. The forcing function can be viewed as the exter-
nal input for u.

• u(t,x,y) is a 512 × 512 array. In addition to its
four edges, the following elements are also zero.
u(255,y, t), u(256,y, t), u(x,255, t), and u(x,256, t).
So the array is composed of four 256 × 256 arrays
whose boundaries are set to 0.

• Program Ap0 runs with two processes (P00 and P01),
and handles the forcing function f . Each process is
responsible for a 32x256 local array, half of the total
32x512 array.

• Program Ap1 runs with four processes (P10, P11, P12,
and P13), and is the numerical code for solving the
diffusion equation. Each process contains a 256×256
local array, representing the global 512×512 array.

• Ap0 is the exporting program, and generates data at
every basic time unit (for this example, the time units
are arbitrary). Ap1 is the importing program and re-
quests external data every ten basic time units. The
matching criterion specified in the configuration file is
〈REGL,0.05〉. All the data in the Ap0 array are used
as the exported data object.

In this experiment process P00 is the representative for Ap0
and process P10 is the representative process for Ap1. If
we compare them to the other processes, the representa-
tive processes have extra work to perform. To investigate
the performance implications of the extra work, we con-
sider data transfers into three different data regions in Ap1,
as shown in Figure 5, measuring overheads for each case.
However we must first identify where the overhead comes
from, which requires looking at a part of Ap1’s source
code:

for (...) {
import region; // step 1
Compute u by finite difference; // step 2

}

In each iteration, Ap1 obtains external data via an import
operation, and then computes a new value for u. The import
operation (step 1), also shown in the right of Table 2, has
to do two things. First, it must ask the Ap1 representative
process to request a match from the exporter, Ap0. Sec-
ond, if the request succeeds, Ap1 initiates the data transfer
with exporter Ap0, as shown on the right side of Figure 3.
Therefore Ap1 performs the following actions in each itera-
tion, and we can measure the execution time for each action
using the standard Posix gettimeofday() function:

P10 P11

P12 P13

P10 P11

P12 P13

P10 P11

P12 P13

AP1 Case A AP1 Case B AP1 Case C

P00

P01

Forcing 
data

AP0

Figure 5. Experimental environment

for (...) {
Request a match; // step 1a
Perform a data transfer; // step 1b
Compute u by finite differences; // step 2

}

Since its computation is much less expensive, Ap0 runs
faster than Ap1, so Ap1’s request is always satisfied im-
mediately. Therefore, our measurements are for the case
where there is no extra delay introduced by the exporter
not having produced the desired data.

In the traditional approach to transferring data between
applications, all matching information is embedded into the
application, so only the data transfer (step 1b) and the com-
putation (step 2) are needed. Therefore the overhead for
doing the matching is the time spent in the match request
(step 1a).

4.1. Experimental setup and result analysis

For our experiment, we measure the overhead on 6 pro-
cessors of a cluster of Pentium-III 600MHz machines, con-
nected via Fast Ethernet, running the experiment eleven
times and averaging the times for the results for all three
cases. In each run, 1001 matches are requested, and the
measured time is the time for the slowest process to finish
the matches. For all three cases for AP1’s import region,
the total execution time averaged across the eleven exper-
imental runs is shown in Table 1, with standard deviations
shown in parentheses. The execution time for each step in
the slowest process as well as the time for step 1a in the
fastest process is shown in Table 2. From the standard de-
viations seen in Table 1, we see that the measured results
are consistent so the average values do indeed represent the
actual performance seen for matches by an application.

For case A, most of the data object region in the importer
is located in the memory of P13. and the representative pro-
cess P10 owns no part of that region. As shown in Table 1,
P13 requires the longest time to run, since it is receiving
most of the transferred data.

The overhead actually seen by the whole program can
be measured by looking at the slowest process. By mea-
suring the time for step 1a, we can see the overhead that
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P10 P11 P12 P13
Case A 341 (3.5) 336 (4.0) 610 (2.2) 614 (1.5)
Case B 620 (1.5) 618 (1.4) 618 (1.4) 618 (1.4)
Case C 624 (4.1) 612 (3.8) 340 (3.4) 339 (5.0)

Table 1. Average execution time (standard deviation), in
seconds

the slowest process fastest
step 1a step 1b step 2 Ov step 1a

Case A 944µs 6.1ms 605ms 13% 4394µs
Case B 708µs 2.9ms 613ms 20% 3468µs
Case C 535µs 6.8ms 614ms 7% 3703µs

Table 2. Overhead in the slowest process

is introduced by our techniques. As shown in Table 2, al-
though 13% (944µs) of step 1 time is for step 1a, the time
transferring the data in step 1b depends on the size of the
data region transferred, while the time for doing the match
is independent of the size of the data region. So the over-
head would be a smaller percentage of the time for larger
data transfers.

One of the tasks of the representative process is to cache
the results of the match procedures, so that they can be
used by other processes in the same parallel program. This
makes it easy to ensure that all processes in the same pro-
gram will get the same match, but not necessarily at ex-
actly the same time. In fact, the fastest process (in this
experiment P11) always makes the remote request to the
exporter, so the other processes, including the slowest one
(P13), only end up making a local request to the represen-
tative process. Therefore the 944µs overhead seen in P13
is really the cost for local communication between P13 and
P10 within the parallel application and the expensive re-
mote request (taking 4394µs, as shown in Table 2) is hidden
behind the time taken in the slow process.

Next we consider an even distribution of the requested
data across the processes (case B). In this case, the data
region is equally partitioned across the four processes. As
shown in Table 1, P11, P12, and P13 take about the same
amount of time, and P10 is somewhat slower because of
the extra work for being the representative process. We
again look at the overhead in the slowest process, this time
P101. As shown in Table 2 the slowest process also makes
local match requests, and the expensive remote request to
the exporter, taking 3468µs, is again hidden.

Interestingly, the overhead for case A (944µs) is greater
than that for case B (708µs). In case A, the only work for
P10 is as the representative process, but in case B, P10 has

1Case B is faster for step 1b than for Case A because only a quarter of
data must be transferred into the slowest process.

additional work — transferring one quarter of the data. It
seems that the overhead in case A should be smaller than in
case B. The reason for this behavior is that a match request
via the local network to the representative process is slower
than a request that is satisfied via local memory. Our imple-
mentation of the runtime system is multi-threaded, and the
representative process uses a separate thread to store match
results and answer match requests from other processes in
the same application. P10 is the representative process for
both cases. In case A, P13 is the slowest process, and each
local match request is made via the network. However in
case B P10 is also the slowest process, so the match request
requires only reading the cached match result from inside
the same process.

The last scenario (case C) is that the representative pro-
cess P10 receives most of the requested data. As shown in
Table 1, P10 is the slowest process. As shown in Table 2,
the overhead for the remote request (3703µs) is again hid-
den behind the work done in the slowest process, which
makes a fast local request. In this case, the overhead is
535µs. If we compare the overhead of case B (708µs)
against that of case C (535µs), the explanation above com-
paring cases A and B does not apply because P10 is the
slowest process in both cases. The overhead for case C
is smaller than for case B due to network congestion. Al-
though our network has a full duplex Fast Ethernet switch,
the bottleneck is the data sources, P20 and P21, that must
send messages to all 4 processes in case B, but only single
messages to process P10 in case C.

5. Conclusions and Future Work

We have described a low overhead solution to the prob-
lem of flexible control of data transfer between Grid-based
loosely coupled programs. Our methods allow for effi-
cient runtime decision to be made, enabling applications
with widely varying scales in both space and time to com-
municate efficiently. This is a work in progress – we are
currently investigating various issues, including the effect
of busy exporters on performance, the performance of dif-
ferent matching policies, techniques for optimizing buffer
management across multiple applications, and employing
the techniques in large-scale scientific applications.
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