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Abstract. Distributed applications are increasingly relying on and in-
tegrating remote resources including community data sources, services,
and computational platforms. The coupling of distributed resources for
data-intensive applications can expose bottlenecks across highly shared
pathways, e.g. the network. In this paper, we consider applications that
access remote clouds for data, computation, or services, and focus on
alleviating the bottlenecks that they may encounter by using middle-
ware deployed on a proxy network. We propose a proxy network that
sits between the cloud and the end-user application offering resources to
mitigate bottlenecks. In particular, we show how proxies can eliminate
network bottlenecks by smart routing and perform in-network computa-
tions to boost application performance. We build on existing literature
to create a unique synthesis of ideas that is the proxy network.

Our results obtained through experiments on PlanetLab are promising,
showing substantial improvement in latency, bandwidth, and even jit-
ter, which can benefit a wide class of data-intensive applications. Our
microbenchmarks show that routing data through select proxies can ac-
celerate network transfer by at least 25% in almost half the cases consid-
ered. Experiments using a distributed Montage! workflow mapped on a
WAN showed 13% end-to-end performance improvement when data was
routed through a proxy network. In addition, proxies also reduced the
montage output data delivery time to users on mobile devices by 65-80%
through compression and data transformation.

* The authors would like to acknowledge grant NSF/11S-0916425 that supported this
research

! This research made use of Montage, funded by the National Aeronautics and
Space Administration’s Farth Science Technology Office, Computation Technolo-
gies Project, under Cooperative Agreement Number NCC5-626 between NASA and
the California Institute of Technology. Montage is maintained by the NASA /IPAC
Infrared Science Archive.



1 Introduction

Distributed applications are increasingly relying on external resources for data
sources, services, and computations. Platforms supporting this model of com-
putation span peer-to-peer, Grid, and now, Cloud systems. Many distributed
high performance computing applications routinely access large remotely-located
community datasets, exploit remote services, and outsource computations to a
variety of platforms including supercomputers, voluntary P2P systems, Grids,
and Clouds. A common thread across high performance distributed applications
is the interconnection of components and resources across shared pathways, e.g.
the network, third-party services, virtualized servers, and so on. Such shared
pathways are inherently capacity-limited and present bottlenecks to HPDC ap-
plications that live on the upper-end of data and compute requirements. Even be-
yond the application execution and computation, the diverse capabilities of end-
user hosts, ranging from desktop machines to resource- and energy-constrained
mobile devices, create bottlenecks for output delivery to users of these applica-
tions. Such end-point bottlenecks are particularly critical in applications requir-
ing visualization or real-time human input for execution.

In this paper, we consider applications that access remote clouds for data,
computation, or services, and focus on alleviating the bottlenecks that they may
encounter. Clouds currently represent a diverse landscape containing resource
providers, application hosting platforms, and service providers. In this paper, we
use the term cloud broadly to refer to a large-scale out-sourced data, compute,
or service resource, made available to end-users and applications. We propose
to utilize middleware deployed on a prozy network that sits between the cloud
and the end-user application offering resources that mitigate the bottlenecks.
We have developed a simple tool to identify such bottlenecks, and use the proxy
network to route around bottlenecks. This network also boosts application per-
formance by performing in-network computation close to both endpoints. The
proxies combine the power of network optimization coupled with in-network
computing to benefit end-user machines that are poorly provisioned either in
networking or compute resources.

To demonstrate the potential of proxies, we have performed experiments on
PlanetLab, exploiting its resource and network diversity. We show that such
proxies offer numerous optimizations for network performance as well as data
transformation that can benefit data-intensive HPDC applications specifically,
and distributed applications in general. We present both microbenchmarks and
application results using Montage as an illustration of the potential benefits of
our approach. Our microbenchmark results show that our approach has great
promise as communication can be accelerated significantly, by as much as 56%
for TCP bandwidth. Further investigations show that proxies improve the net-
work performance by at least 25% for half the cases we investigated. Results for
Montage show that proxies can help reduce the data download bandwidth from
data sources and within the application stages via smart routing. The end-to-
end acceleration for the Montage workflow is approximately 13%. Proxies also



reduce the montage output data delivery time to users on mobile devices by
65-80% through compression and data transformation.

2 System Architecture
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Fig. 1: System Architecture: Components include clouds, proxies, and application
nodes

The system architecture is designed to integrate user applications that inter-
act with external clouds. The core of the architecture is a proxy network that
contains a configurable collection of nodes offering varying amounts of resources
including bandwidth, storage, and computation. One strong appeal of the proxy
network is that it offers nodes at many network locations that may provide
improved performance with respect to external clouds and/or the end-user ap-
plication. The proxy network has a number of entry point nodes that can be
discovered by applications. We envision that such a network could be realized
in a variety of ways (e.g. volunteers, CDNs, and so on), and we do not assume a
specific deployment model in this paper. The system architecture contains four
primary components (Figure 1):

— entry point

— external clouds
application control
proxy node

The entry points are a restricted set of “super proxies” known to applications.
The entry points have greater resources than a typical proxy and are more likely
to be “up”. These proxies also store historical resource information about all
other proxies and run proxy selection algorithms on behalf of an application.

The external clouds represent an external network resource that may provide
data, computation, or available services to be integrated within an application.



For example, Amazon EC2 is a computation cloud, SkySurvey is a data cloud,
and NCBI Blast is an external service. External clouds provide an interface to
enable application integration, e.g. via http or Web services.

The application control node taps into the proxy network to exploit its ad-
ditional resources. It contacts an entry point to locate proxy resources that can
accelerate the application with respect to the access and use of external clouds.
Once proxy resources are identified, the control node initiates the application,
and when finished, terminates the application and releases proxy resources.

The heart of the proxy architecture is the prozy node. Proxies provide “bot-
tleneck relief” for applications accessing external clouds. The proxy network
consists of a large number of logically connected edge nodes that may assume a
rich set of roles to boost the performance of distributed applications, including:
e Cloud service interaction: A proxy may act as a client to an external cloud
service. This role allows a proxy with better network connectivity to access one
or more cloud services. For example, a proxy may have much higher bandwidth
to/from a cloud service relative to the end-user.

e Data Transformation: A proxy may carry out computations on data via a set
of data operators. This role allows a proxy to filter, compress, merge, and mine
data.

e Caching: A proxy may efficiently store and serve data to other nearby proxies
that may consume the data later on. Proxies can also cache intermediate results
from a cloud interaction that may be reused again.

e Routing: A proxy may route data to another party as part of an application
workflow. This role allows a proxy to efficiently send data to another proxy
or application component for additional processing, caching, or cloud service
interactions. This role is particularly important if the application is interacting
with multiple clouds which are all widely distributed, and there may be no single
proxy that can efficiently orchestrate all of these interactions.

There is nothing that prevents an application control node from also par-
ticipating as a proxy as well. Indeed, this might well be a reasonable incentive
mechanism to construct a volunteer-based proxy network. To enable proxy se-
lection, proxies run a configurable resource monitoring stack that provides time-
stamped local and non-local resource availability. The latter includes network
probes that provide various metrics including UDP/TCP latency, bandwidth,
and jitter, from each proxy to a configurable set of external clouds. This infor-
mation is periodically sent to the proxy entry points to enable proxy selection.

A distributed application logically consists of some number of each compo-
nent type: one or more external cloud services, one or more proxies, an entry
point, and application control. The application may also contain other compo-
nents running locally or remotely that do not directly interact with the proxies
or clouds. In Figure 1 we depict two applications (shaded and patterned) and
the selected components respectively.

Conceptually, the application workflow is the following:

1. Application control: locate and contact an entry point
2. Entry point: select proxies and enable roles
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Fig. 2: Application Acceleration - the Montage workflow

3. Application control/Entry point: wire the application components
4. Application control: initiate application

5. Proxy network: accelerate application

6. Application control: terminate application

In Figure 2, we illustrate how an application can benefit from a proxy net-
work. A simple example from image processing could be an application that
retrieves images from a data cloud (e.g. SkySurvey), performs in-network pro-
cessing (e.g. Montage mosaic construction), and then returns the output to the
end-user. Proxies could accelerate this application in the following ways: (1) they
can provide a better network path to retrieve input data from the cloud to the
computation node(s), (2) they can provide a better network path to deliver out-
put data from the computation node(s) to the end-user, (3) they can distill or
compress output if the end-user device has reduced display capacity or a poor
network path, and (4) they can perform in-network computations when proxy
resources offer greater power than at the application control site. Proxies (in 3
and 4) allow customized processing on behalf of the application. We empirically
illustrate all of these opportunities with Montage in Section 3.2. Proxies are not
a new idea by themselves, but it is the synthesis of the diverse roles of proxies
that is novel.

In this paper, we focus on evaluating the potential performance benefits of-
fered by proxies. Programming proxies is outside the scope of this paper. In
prior work, we have developed a generic programming framework for enabling
proxies to act as a client for any http-based Web services [8]. The computing
role can be confined to a predetermined set of trusted operators downloaded by
the proxy, similar to the trust expressed by clients in cycle-harvesting systems
such as Condor [14] or @Home networks with respect to executing non-local
code. Arbitrary execution of non-local code can be enabled by various sandbox-
ing technologies such as virtualization [7], language restriction (e.g. Java), and
others (e.g. Google Native Client [53]). We also do not focus on the setup and



maintenance of the proxy network, for which existing mechanisms, such as those
used in peer-to-peer networks [47], [10] and cycle-sharing systems [35], [6] can
be used.

3 Evaluation of Proxy Benefits

In this section, we evaluate the benefits of using a proxy network as described
above, both in terms of the potential performance opportunities as well as
through the impact on Montage, a high-performance computing application.
Since the pure computation benefits of external compute nodes is well established
by the Grid and other cycle-harvesting systems such as Condor and @Home, we
primarily focus on the network benefits of proxies, in terms of routing and cloud
service interaction. At the same time, we also evaluate the benefit of using proxies
in the role of data transformation, particularly for resource-constrained clients.
Our experiments are conducted on PlanetLab [12], however, potential network
optimization opportunities would likely extend to the Internet at large as noted
by other research groups [50], [44].

3.1 Performance Improvement Opportunities

We first present results using microbenchmarks to identify the potential oppor-
tunities for performance improvement using proxies.

Proxies in networking role We first examine the opportunity by using proxies
in a networking role, either to achieve a better path for cloud service interac-
tion, or for routing data more efficiently to other application components. Note
that the use of a proxy between the client and the server/cloud introduces an
additional hop at the TCP/IP layer of the networking stack. Despite this, cer-
tain proxies exist that accelerate network communication by a substantial factor.
[36], [55] explain the occurrence of conditions that the proxies may exploit. To
evaluate this opportunity, we have constructed a network dashboard tool? for
PlanetLab that provides us with the networking statistics for potential proxy
nodes in PlanetLab.

Fach proxy executes a resource monitor that collects and transmits monitor-
ing data to the entry points and the dashboard control. The resource monitor
periodically probes all proxies to measure the following entities - bandwidth (for
TCP streams and UDP datagrams), the delay in the arrival of successive data-
grams, and the variation of this delay, also known as jitter. Next, we present
some interesting results collected by the tool.

We notice that proxies could improve the network characteristics of a num-
ber of network endpoints. Approximately 1600 pairs of network endpoints were
monitored. We calculated the number of alternate paths, formed by routing data
through a single proxy, that are superior to the direct path. This analysis was

? Network Dashboard Tool URL: http://proxy.cs.umn.edu



carried out for TCP streams only, as it is the primary protocol used for data and
file transfer. The aggregate summary is presented in Figure 3. On average, there
exist a large number of alternate paths that may benefit a given pair of network
endpoints. Furthermore, the benefit of these paths remains constant over a long
duration, suggesting that these opportunities - the benefit of alternate paths
- are long lived. Looking at these aggregate values, one notes that about 80%
of the alternate paths are faster than the direct ones by at least 10%. In the

following, we show that specific paths can be accelerated far more.

£
g
]
g
£
z
£
H

Fig. 3: For a set of 1600 pairs of net-
work endpoints, we plot the number of
alternate paths that could improve the
TCP bandwidth. The data plotted was
collected over a day, and is discretized

at intervals of 2.5 hours. For each inter-
val and each pair of network endpoints,
approximately 40 paths were analyzed,
leading to a total of 64k paths analyzed
per interval. Each curve indicates the
average TCP acceleration as a percent-
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Next, we drill down and analyze the benefits of introducing a proxy for a pair
of network endpoints communicating using a TCP stream. Our observations in
Figure 4a show that it is possible to accelerate TCP streams using proxies,
ranging from 5-25%. Numerous proxies also provide a stable and sustained im-
provement over time. The performance benefit observed if one uses such proxies
could be easily computed from historical data with a high degree of confidence.

Initially, these benefits could be immediately exploited by any distributed
application executing over a WAN, where the time to transfer data to and from
compute nodes is a non-trivial part of the total execution time. Indeed, as ag-
gressive parallelization continues to reduce the computation time of applications
at all levels from multi-core to wide-area Grids, communication becomes increas-
ingly the bottleneck, particularly for data-intensive applications.

Next, we examine the benefits of using proxies for the UDP protocol. Many
multimedia streaming and remote visualization applications utilize the UDP
protocol for data transfer. The use of a proxy can amplify the observed UDP
bandwidth between two end-points. We present an example of one such exper-
iment (of many examples) in Figure 4b, where the alternate paths accelerate
data transfer by 6-50%. Continuing with the benefits seen for the UDP protocol,
one may reduce the network jitter and delay (Figures 4c and 4d) between the
endpoints by using a proxy, to under 10% of the original values. This would
benefit human-in-the-loop applications by reducing network delay and jitter for
data transmissions. Thus, proxies can be used to reduce the sensitivity of the
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Fig.4: These plots show the networking benefit of using proxies to route data
between a particular pair of nodes, for both the TCP and the UDP protocol.
The solid line plots values for a direct network path between the endpoints.
Other points on each plot indicates values that may be realized by routing data
through certain proxies. The plot incorporates data sampled at different times
over a day, with more recent values appearing on the right.



end user to the vagaries of the network. These observations mirror those seen for
the TCP protocol - proxies could be used to improve the network performance
and network QoS by a substantial amount that is sustained over time.

The next question is whether the communication performance is predictive.
That is, can we exploit prior measurements to select proxies for future opti-
mizations? For this experiment, three pairs of network endpoints are chosen at
random. A fixed amount of data (2 MB) is transferred between these pairs using
TCP. We measure the bandwidths for both a direct transfer, and for data routed
through a proxy. These 'instantaneous’ values of bandwidth are compared with
observed measurements over the last 2.5 hours. We employ a simplistic predic-
tor, the prediction is based on the average of values recorded in the last few
hours. The difference between the predicted and instantaneous value is the error
in our predictor. The speedup obtained is the difference between the instanta-
neous values observed with and without proxies. Since it is notoriously difficult
to accurately predict bandwidth due to network volatility, we use the historical
values as a hint. A subset of the results - experiments conducted for three pairs
of network endpoints - are summarized in Figure 5. The figure shows that the
best proxy is able to achieve a 56% improvement, while the prediction error is in
the range of 1.6% to 54%. A large error in some predictions can be attributed to
the simplistic prediction model employed by our technique. More sophisticated
models have been developed [15], [39], and can be used to improve the predic-
tor. Nevertheless, the introduction of proxies leads to an improvement in the
bandwidth for most cases.
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Proxies in data transformation role We now present the potential benefit of
using proxies in a computing role for data transformation (compression, filtering,
etc.). To show this, we use a resource-constrained client, an Android phone. The
major functions that drain power on a mobile phone are 3G, Wifi, Bluetooth,
and GPS transmission. By reducing the amount of data transmitted we can save
both space and battery power on the mobile device.

The purpose of this experiment was to test the general opportunity of using
proxies to perform compression on behalf of mobile applications, which are in-
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creasingly being used by end-users to perform a large number of client-side func-
tions. We developed proxies to compress files and send them to a mobile phone.
We tested a series of jpg images, Ebooks, and Binaries for their compressibility.
We ran the mobile application on an emulator to get more consistent network
results. The T-Mobile G1 phone was emulated. We set the network speed to
UTMS/3G.

Figure 6 shows the amount of compression we were able to achieve for these
sets of files. The top of each column shows the original file size. Within each
column is a black subcolumn that shows the size of the file after compression.
The jpgs were resized by the proxy to better match the resolution of the mobile
phone. This operation was lossy and produced a large size reduction, 95-99%.
The ebooks (text files) and binary files were compressed losslessly with the gzip
algorithm. They had a size reduction of 61-64% for the ebooks and 54-70% for
the binaries.
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Fig. 6: This plot shows the reduction in .

size when a proxy is used to compress JPGs Ebooks  Binaries

jpg images, Ebooks, and binary files Input File Type

Figure 7 shows the download times of the compressed files vs the uncom-
pressed files. In most cases we were able to see a significant reduction in down-
load time. The jpg files saw a 121-761% speedup in download time. The ebooks
saw a 5-41% speedup. The binaries ranged from 6% slower to 52% faster. In the
case where the downloading was slower the decompression time seemed to be the
most significant factor. The mobile phone has less cpu and memory resources to
decompress than a typical desktop computer. In the case of the T-Mobile G1,
the heap space for an application is limited to 16MB. The cpu runs at 528Mhz
[26]. In all cases the compression time was low because the proxy had enough
resources to compress quickly.

3.2 Application Performance Improvement

In this section, we demonstrate how proxies can be used to benefit a real-world
distributed application. We present a set of experiments using Montage, a soft-
ware suite for creating image mosaics. We aim to create a mosaic of the sky by
sourcing images of different quadrants from the SkySurvey servers [45]. Mon-
tage illustrates all of the potential optimizations illustrated earlier (Figure 2).
We show that proxies can speed up the runtime of the Montage application by
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reducing the data transfer times from the SkySurvey servers to the compute
nodes. In addition, we show how proxies can benefit the delivery of output data
to a user either for archival or for real-time visualization, where the user may be
either on a desktop machine or on a resource-constrained mobile client. Finally,
we show how proxies can accelerate the “internals” of the application (not just
the input and output phases) by speeding up the data transfer between different
stages of a distributed Montage workflow.

We believe that our scheme is not limited to Montage alone, and can be used
to accelerate other data intensive distributed applications, such as MapReduce
on a WAN, etc. The remainder of the section thoroughly examines the benefits
of using proxies to accelerate the Montage workflow (Figure 2).

Input Stage Optimization Here, we show how proxies can be used to reduce
the time to retrieve data from the SkySurvey servers to the nodes that compute
a mosaic using Montage. For the sake of simplicity, we initially assume that
each compute node performs all stages of the image mosaic operation. Thus, we
concentrate on acceleration of the input delivery phase from SkySurvey servers.
This type of acceleration is applicable to any application that needs to retrieve
data from a number of geographically disperse locations, like blog analysis, dis-
tributed data mining, etc.

We performed experiments over PlanetLab nodes located across multiple
continents. We observed the following:

— The bandwidth observed between PlanetLab nodes in North America to the
SkySurvey servers are magnitudes larger than the same for nodes outside
the continent.

— The bandwidth observed between PlanetLab nodes outside North America
to those within are greater than their bandwidth to the SkySurvey servers.

Thus, for each PlanetLab site outside the continent, our proxy is a site in the
continent that has the best connectivity to that site. Our experiments with such
a setup are described in the following paragraphs.

We observed that a good proxy is usually insensitive to the size of data being
routed through it. The speedup obtained is constant for different data sizes.
This is illustrated in Figure 8a. We selected a set of 4 PlanetLab nodes, and
downloaded datasets of different sizes from the SkySurvey servers. Speedups of
18 - 31% are achieved by the more stable proxies.

We proceed to investigate the stability of proxies over time, i.e. are the
speedups repeatable over a long period? For this experiment, we download a
dataset of a fixed size on to a set of PlanetLab nodes, a number of times over
24 hours. We compare the times to download data with and without proxies to
accelerate the transfer. The results are plotted in 8b. We see that a number of
proxies exhibit a sustained positive speedup over the duration of a day. Also,
by the size of the confidence intervals, we see that the variation in this speedup
is fairly small for a number of proxies, indicating that these speedups are fairly
stable over time.
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We observe that proxies improve the network performance for numerous com-
pute nodes. The improved performance is sustained over time. To see if this
benefit is realized for many nodes, we experimented by downloading a dataset
of fixed size to a large number of PlanetLab nodes. We compare the increase in
bandwidth that is made possible by routing data through proxies, and summa-
rize the results in Figure 8c. We note that the transfer times for approximately
half the cases are improved by at least 25% when proxies are used to accelerate
the data transfer.

To summarize, we have shown that proxies can be used to accelerate data
transfer for a large number of nodes. The speedup obtained is substantial and
is stable over the period of a day.

Output Stage Optimization We now present results for optimizing the ap-
plication’s output stage, namely, delivering the output data to the user. Here,
we consider two scenarios: (i) where the user is on a wired desktop machine, and
(ii) where the user is on a mobile phone. Montage produces large image files, and
so the critical requirement in both scenarios is to reduce the network overhead
for data transmission. In addition, for the mobile client scenario, we would like
to present the output image to the user in a size and resolution appropriate
to the mobile device. We show how proxies can be used to achieve these goals.
For these experiments the proxies were colocated with the data on the montage
output node.
Desktop Client:
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compress the output fits files before up- when a proxy is used to losslessly com-
loading them to the desktop client. press the output fits files before upload-

ing them to the desktop client.

Fig. 9: Desktop Client

The Montage process outputs large image files with the fits®[25] extension.
These are the same types of files used as input to the Montage process. Fits files

3 Flexible Image Transport System
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can be converted into jpg files by a utility that comes with the Montage software
suite. It may also be desirable to keep the output images in fits format to prevent
image data loss and to reuse the images as input in a Montage process later.
A proxy could cache this data for later optimization, e.g. it might be useful to
another Montage execution avoiding some recomputation if regions of interest
overlap. The drawback to keeping the images in fits format is their large size.
Therefore it may be desirable to compress the fits images losslessly prior to
transport to the desktop end client for storage.

For this experiment we created a proxy that compressed the images with
a gzip algorithm and transfered them to a desktop client. Figure 9a shows the
size savings ranged from 14.5-17.38% for the output images generated earlier
(associated with the input images in Figure 8a). The fits images used as input
for compression were 23.57MB, 34.85MB, 47.81MB, and 45.72MB in size.

Figure 9b shows the download times for the images with and without com-
pression. The downloading was done over a 5 Mbps link. There is a tradeoff
between space savings and download/compression time. On average it took 6.55
seconds to compress an image and 2.8 seconds to decompress. This overhead
made compression more useful for the larger images.

Mobile Client:

It may also be desirable to view the image outputs remotely via a mobile
device if the user is on the go. To this end we created a mobile application
written for the Google Android platform.

Android is an open source software environment for mobile phones. It was
developed by Google in conjunction with the Open Handset Alliance [19]. Most
applications for Android are written in Java. We chose to develop our mobile
applications on Android because of the ease of development. Android also has
the benefit that the development tools are completely free.

The proxy reduces the resolution of the images to 225 pixels width, while
preserving the aspect ratio of the image. This results in significant space savings
while still producing an output image with a viewable resolution for a phone.
The phone displays the image below the transfer button.

The images were converted from fits format to jpg format using the utility
that comes with Montage. They were converted using the highest quality set-
tings initially. The resulting sizes were 392KB, 1136KB, 1272KB, and 565KB.
These images were at full resolution and were used as input to the proxy. The
resolutions ranged from 1504x2054 pixels to 2735x2191 pixels. These resolutions
are too large for the typical desktop computer let alone a mobile phone.

Figure 10a shows the compression savings from resizing the images. The
compression savings were extremely high, ranging from 93.36% to 98.42%. This
results in a significant space savings if multiple images are stored on the phone
for later viewing.

Figure 10b compares the download times for images with and without com-
pression. For these downloads the link was set at optimal 3G/UTMS download
speeds and latency. This was controlled through the settings for the Android
emulator. The bandwidth a mobile phone receives typically isn’t optimal and
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can vary from location to location. The speedup varied from 11% slower for
the smallest file to 60% faster for the largest file, indicating that compression is
still desirable for the larger images. However, when we look at the breakup of
the download time, we see that compression can take up a significant portion
(65-80%) of the total time. Since compression occurs at the proxy, the actual
network transmission time for the image is much smaller (13-40% of that for
uncompressed image). Reducing the network transmission time is critical for a
mobile client as it also saves precious bandwidth and power, showing the benefit
of using proxies across all file sizes.

98 0.35
97 03
L < 025
95 @ g, O Transfer Time
t £ (Original JPG)
F 015 O Resize Time
9 01 Component
92 0.05 M Transfer Time
91 5 (Resized JPG)
0
12M 28M

Compression Size Savings %

36M 54M 12M 28M 36M 64M
Montage Data Set Montage Data Set
(a) This plot shows the % reduction in (b) This plot shows the download and
size when a proxy is used to compress compression times when a proxy is used
(slightly lossy) and resize the output to compress (slightly lossy) and resize
jpg files. the output jpg files.

Fig. 10: Mobile Client

Distributed Workflow Optimization Finally, we show how proxies can be
used to accelerate the data transfer between different stages of a distributed
application. Again, we consider the Montage application. The Montage applica-
tion comprises of a number of stages that are executed serially one after another.
Montage has a few compute intensive operations - mProjEzxec, mDiffExec, mFi-
tFxec, which take several seconds to minutes to complete. Parallelism in Montage
can be obtained by running multiple instances of these operations on a parti-
tioned input set, on different machines. Thus, a typical parallel execution of the
Montage application will have a high fan-out and fan-in for certain stages. Plan-
ners such as Pegasus [18] are used to create workflows that can be utilize the
parallelism available in grid environments.

For this experiment, we execute each compute intensive stage of the Montage
application on a different machine. The other stages of the Montage application
are distributed over these machines. The output of each stage is sent to the next
stage. Proxies are used to accelerate data transfer between stages of Montage
that are executed on different physical machines.

This setup illustrates the most conservative improvement one can achieve
by deploying the Montage application over a WAN. A deeper parallel execution
of the stages that comprise Montage will further reduce the computation time,
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and thus, the networking benefits brought about by proxies will be even more
pronounced.

The results are shown in Figure 12. The input set, of size 36MB, is present
on the machine that executes the first compute intensive stage of Montage. This
stage generates a set of intermediate files, totaling around 118 MB. This data is
copied over the network to another machine that executes the next few stages
of the Montage workflow. The copying phase is accelerated by 42% if data is
routed through a proxy. The intermediate files generated by next few stages,
totaling 369MB, are then copied to another machine that executes the final few
stages. When data is routed through a proxy, we see an improvement of 24%
in the completion time of this phase. The final stage of Montage generates a
single output fits image, of size 24MB. Thus, by using proxies to accelerate the
network-intensive tasks of the workflow, we are able to reduce the total execution
time of the workflow by 13%. Again, the benefits seen are likely to increase as
the internal stages are parallelized, leading to a reduction in the computation
time.

2000
B mFitExec @ Node C

1800 -
1600 -

Fig. 12: This plot shows the 1400 T aar% B DataTransfer

% improvement when proxies 2% 369MB

are used to accelerate com- 1:22 1 = mDiffExec @ Node B

munication between different 600 4 .

stages of Montage running 200 118ME | il Data Transfer
on different nodes. The y- 200
axis shows the total execution 0 ® mProjExec @ Node A

time, in seconds. Direct Proxy

4 Related Work

Our work is a synthesis of multiple ideas, spanning different disciplines in com-
puter science — data intensive programming systems, cloud computing, network
computing, Web 2.0, volunteer systems and proxy architectures.

Many emerging cloud systems such as Amazon EC2/S3 [17] and Google
Apps [23] provide virtual resources to third-party applications. There are many
data clouds such as Google Earth [24] and Sloan Digital Sky Survey [45] that
serve useful data to end-users. These systems are optimized for data-intensive
computing within a single cloud or data center, however, a challenge is transfer-
ring the underlying data and the results to or from these clouds.

A number of papers and scholarly articles, most notably [49], [30], advocate
an intelligent network with computations on data streams in the network fabric
itself. This scheme has been adapted for protocol conversion [49], caching [9],
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transcoding data [2], remote execution [32] and even routing optimization [38],
[29]. Although our model is logically similar, we operate at the application layer
of the protocol stack. We make no assumptions about the network, and treat
it like a black box. We seek to address the different set of problems at the
application layer of the protocol stack by exploiting the location and diversity
of a proxy network comprised of volunteered resources.

Volunteer edge computing and data sharing systems are best exemplified by
Grid and peer-to-peer systems including, Kazaa [42], Bittorrent [13], Globus [21],
BOINC [5], and @home projects [37]. These systems provide the ability to tap
into idle donated resources such as CPU capacity or aggregate network band-
width, but they are not designed to exploit the characteristics of specific nodes
on behalf of applications. We aim to integrate the best of these techniques in
the overlay network we setup between the actors in our system — end clients,
proxies, data sources and clouds.

Overlay networks can provide greater reliability and improve performance of
the networking components. [3] details a scheme allowing distributed Internet
applications to detect and recover from path outages, and re-route around fail-
ures. They illustrate the benefits of moving control of routing to the application
layer by providing a more resilient system. [20] support this view and provide
evidence of improved robustness and scalability of the network. [4], [33] improve
client availability by using multi-homing and cooperative overlay networks to
find and use a larger number of paths to the server. The proxy network would
encompass these techniques, thus providing a highly resilient network to all end
users. Similar systems are described in [41] and [54].

Performance improvements using overlay networks are brought about by ex-
ploiting triangle inequality in networks and selecting better paths. [36] provide
an excellent study of interactions occurring in the routing layer, and their ef-
fects on applications. Triangle inequalities in networks are a common feature
of the current routing landscape [55] and the projects like Detour [43] exploit
these inequalities to provide superior network paths. The results we observe in
this paper are consistent with existing literature. Through our work, we demon-
strate the usefulness of proxies in such a setting. [48] improves performance in
grid environments by using store and cooperating forwarding techniques. They
demonstrate how “logical depot” can be used to accelerate network components
of a distributed grid application. Similarly, we show how the network components
of a HPC application — a Montage workflow — can be accelerated using volunteer
donated resources. We differ from the existing implementations in the sense that
our architecture is highly dynamic and comprised of donated resources.

Estimating network paths and forecasting future network conditions are ad-
dressed by [51]. We have used simple active probing techniques and network
heuristics for prototyping and evaluation of network paths in our experiments.
Existing tools [40], [16], [31] would give us a more accurate view of the network
as a whole. Direct probing in a large network isn‘t scalable, and we advocate the
use of passive or secondhand measurements [28]. [27] shows that it is possible
to infer network conditions based on CDN [1] redirections and [11] is an imple-
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mentation of such a scheme. Such techniques can be easily used by end clients to
identify proxies in close network proximity, without any point-to-point probing.
We aim to integrate a number of these techniques into the proxy network.

Many Internet programming paradigms and systems have been emerging.
Relevant to our project are systems that support content mashup and state
sharing, such as Yahoo Pipes [52], GME [22], and LiveMesh [34], which can
be used to connect applications and/or distributed data. While most of these
systems provide abstractions to build distributed applications, they typically
rely on underlying support from the network, service provider, or end hosts for
their communication and execution needs.

Finally, Web proxies [46] and CDNs [1] have been widely deployed for
Web caching and Web content distribution. However, these systems deal mostly
with data caching and replication, and the amount of data itself (per request)
is fairly small and originates in a central location. Moreover, there is no further
processing or distribution/merging requirements on the data, so that there are
no major computation or massive bandwidth needs for such systems.

Our approach is novel in that proxies may assume a diverse set of roles un-
like other systems in which network nodes either compute, route, serve data, or
invoke services. Enabling proxies to assume multiple roles is key to the perfor-
mance of distributed data-intensive applications.

5 Conclusion

In this paper, we explored the potential of middleware deployed on a prozy net-
work for boosting the performance of distributed HPC applications. The proxy
network sits between the cloud and the end-user application offering resources
that mitigate performance bottlenecks due to resource sharing and poor network
connectivity. Our approach is a synthesis of network optimization, routing, an
in-network computing to accelerate complex distributed workflows. We created
a tool that helps us identify and eliminate network bottlenecks by smart routing
and perform in-network computations to boost application performance. While
we focused on HPC applications that access external clouds, the proxy network
can be beneficial for any distributed applications that contain a geographically-
dispersed set of components.

To demonstrate the potential of proxies, we performed experiments on Plan-
etLab, exploiting its resource and network diversity. The results revealed that
proxies can improve many aspects of network performance including latency,
throughput, and jitter. Using Montage as an application exemplar, we showed
how input, output, and internal data transmission can be optimized in a client-
specific way. Future work will focus on the development of automated proxy
selection algorithms for applications given the roles that they were chosen to

play.
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