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ABSTRACT
Cloud computing is an important branch in computer sci-
ence and many HPC applications are being moved from clus-
ters to clouds. However the latencies of message communi-
cations are increasing, when these applications are running
in cloud, and the existing algorithms for routing optimiza-
tion based on network topology are no viable, because in this
kind of environment the topology is hidden from the users.
Our proposal is studying the feasibility of improved latency
and network traffic of parallel MPI applications with an MPI
Communication Management(MCM) in cloud. In addition
we present a study of the behavior of MPI communications
in Amazon EC2 public cloud.
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1. INTRODUCTION
HPC applications have been deployed to public clouds.

Since message passing interface (MPI) is a common and
key component in HPC applications, improving MPI per-
formance in the cloud is essential.[2]

Our research presents a methodology that provides dy-
namic management of MPI communications in cloud envi-
ronments. MCM is based on a Distributed Routing Bal-
ance(DRB) [1] method, it proposes an alternative path dis-
tribution considering the latency and possible congestion in
cloud.

2. MCM IN CLOUD
The architecture designed to improve MPI message com-

munications is shown in Figure 1. The principal component
of MCM is a daemon which works as a virtual router, it
intercept sent and received messages between processes in
order to obtain information about congested routes and se-
lect alternative paths if needed.
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Figure 1: MCM Software Architecture.

In cloud environments the topology is hidden from the
users so in our method we perform the topology discovery
using ping pong messages between all the nodes to obtain
alternative paths possibilities, based on temporal distances
(Figure 2). We analyses the MPI communication between
all pairs of virtual machines forming a cluster mounted in
a Cloud. The network performance of processes in MPI
applications is related to the network performance of their
corresponding virtual machines. This allow us to know how
the communications are carried out. Then this information
have to saved in a path table for its posterior usage, because
it is relevant for the selection of paths in MCM.

Figure 2: Topology Discovery based in temporal distances.

Messages routing decision take place when a message is
sent or is received in a process of an MPI application. In
Figure 3 an example of the procedure is shown. First process
2 wants to send a message to process 6, so we capture the
message with MCM and sent it through the best route from
the path table, this path was stored in the path table during



Figure 3: MCM Functionality.

process of topology discovery. We measure the latency of
the message in every step of path and keep it to send this
information with an ACK message to the source when the
destination receive the message, and with this information
about the latency of the link update the path table of this
route. Then application continues to send messages, until
repeats the same communication from process 2 to process
6, based on the theory of repetitiveness of communications
in parallel applications, in these case the latency associated
to this link is controlled and if it is out of bounds of the
accepted thresholds, our method make the selection of a new
route from the path table. In the example the new route is
send the message through the daemon in the node 2, it is
mandatory that the new path has lower latency.

Repetitive communication behavior allow us to compute
better routes. When a repetitive pattern appear we verify if
the latency of the link is in the range accepted by a thresh-
old. When the latency is acceptable we send the message
using the standard route. If the latency in the current path
is not acceptable, we compute a better path and store it
in the path table. Our approach creates a path table with
source-destination latency pairs, thereby, future messages
can use it.

2.1 Fundamental components

• Thresholds: identifies the moment when an action
must be taken. We select three areas, one with low
latency, another with medium latency (where conges-
tion is raising but network can handle), and finally one
with high latency (with extreme congestion). Like PR-
DRB in low and medium latency areas we do not open
new paths, but when a transition to medium and high
latency occurs, our approach searches a new path.

• Path Selection: This component handles the selec-
tion of path from path table, also detects new paths
solutions and stores them in the path table. The se-
lection of path from the path table will be taken prob-
abilistically.

3. EXPERIMENTAL ENVIRONMENT

3.1 Hardware Configuration
To analyze the functionality of our proposal, we conducted

a series of experiments evaluating the latency of MPI com-
munication in cloud Computing, Table 1 describes the main

Table 1: Experimental Setup

Component Cluster Amazon EC2
Instance t2.micro
Memory 1 GiB

Storage(GB) EBS
Network Performance Low to Moderate

Physical Processor Intel 2.5GHz
Clock Speed (GHz) 2.5 GHz

vCPU 1 vCPU

components and configurations of the cluster mounted in
Amazon EC2.

3.2 Software Configuration
The experiments were performed with different types of

software. The instances off our cluster mounted in Amazon
EC2 were launched from StarCluster, an open source cluster-
computing toolkit for Amazon EC2.

Each instance are Hardware-assisted virtual machine (HVM),
this virtualization type provides the ability to run an operat-
ing system directly on top of a virtual machine without any
modification, as if it were run on the bare-metal hardware.
All the instances are acquired from US East (N. Virginia)
data center of Amazon and their operative system is Ubuntu
10.11.

The measurement of point to point MPI communications
latencies were performed with BWLAT, an open source tool
part of the enovance project on clouds. They build and de-
livery solutions with open cloud. We also use the OpenMPI
library, which implement the MPI standard, it is a High
Performance Message Passing Library.

3.3 Applications
We perform some experiments with the NAS parallel bench-

mark. We select Conjugate Gradient (CG) class B, it has
many communications between nodes. NAS-CG Class B is
a problem with:

• Numbers of rows: 75000.

• Numbers of iterations: 75.

• Eigenvalue shift: 60.

• Numbers of nonzeros: 13.

4. RESULTS
We perform experiments with NAS-CG Class B and the

ping pong message calibration between every pair of virtual
machine running both in sixteen process, to verify if exist
alternatives paths. The results are the following and are
shown in Figure 5 and Figure 4.

• For Message Communication in the NAS-CG Class B,
between node 0 to node 1, we measure a total latency
of 179.782 microseconds for the message size predefined
for the application.

We also execute the ping pong calibration of commu-
nications between all the virtual machines at the same
time, sending message of 1 MegaByte. In this scheme
from node 0 to node 1 we measure a latency of 993,456
microseconds with the ping pong calibration. If we



Figure 4: Latency of Communication Message Size = 1 MegaByte in parallel with NAS-CG

Figure 5: Latency of NAS-CG Communication in parallel
with Message Ping Pong between pairs of nodes

change the route, for example node 0 to node 7 to
node 1 the latency will be 867,081 microseconds.

This means that if we use the same technique with the
message sent by the NAS between the same nodes the
total latency of its message will be decreased around
12,7%, because both applications are running at the
same time and the virtual network conditions its equals
for both of each.

• For Message Communication in the NAS-CG Class
B, between node 7 to node 5 we measure a latency
of 119.819,88. Like the first one we also have the
ping pong calibrations measures, sending message of
1 MegaByte between all pairs of processes.

From node 7 to node 5 we measure a latency of 897,992
microseconds. If we change the route, for example
node 7 to node 16 to node 5 the latency will be 635,302
microseconds. In this case our method also will be
working with the NAS message between those nodes,
the latency will be decreased around 29,26%.

• For Message Communication in the NAS-CG Class B,
between node 2 to node 0 we measure a total latency of

192.729,95 microseconds. And then finally send mes-
sage of 1 MegaByte from node 2 to node 0 have a
latency of 200,403 microseconds with the ping pong
calibration. In this case we do not have to change
the path of the message sent, because there are not
betters routes analyzing the behaviour of the network
with message of 1 MegaByte.

With these experiments we realize that our technique can
work, decreasing the traffic congestion and the latency, but
also can properly add overhead specially in the application
runtime.

5. CONCLUSIONS
One of the main areas of current study for HPC in Cloud

is based on improving the performance of the MPI communi-
cations. We propose MCM, this technique search alternative
path for messages when a hot spot situation occur, consider-
ing the variability of cloud networks and the dynamic traffic
behavior.
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