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Abstract: 
 

Situated autonomic computing requires systems to 
possess and/or be able to access feedback and context 
information, from their environment, including 
instrumentation and sensor data. This paper presents 
the motivation and development details of a sensor and 
actuator framework, together with its associated 
description language, developed for widely 
decentralized software systems. The framework was 
originally developed with web services and grid 
computing in mind. Hence, the paper argues that the 
developed approach is applicable to widely 
decentralised grids. To portray our proposed approach, 
the paper uses an illustrative example taken from an 
experimental case-study developed using the PlanetLab 
overlay. The latter is an open community research 
testbed and overlay for Planetary-scale services. In 
addition, the paper will present an evaluation of the 
work, and then conclude with general remarks and an 
indication of further works. 
  
Keywords: Sensor and Actuator Framework, 
PlanetLab, self-management, instrumentation, 
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1. Introduction: Planetary-Scale Overlay 
 

The last few years have witnessed the emergence of 
new types of network and application services driven 
by the needs of modern business, including dynamic 
and virtual enterprises models. Such services include 
networked storage services [12], peer-to-peer file 
sharing [13], content distribution network [14] and 
robust routing overlays [15] to name but a few. Hence, 
advocates of service-oriented architecture envisage 
future Internet through serviceware technology to play 
a vital role in facilitating global computing (planetary-
scale). This will be via on-demand composition of a 

range of service-oriented applications, including 
business services and end-users. On the other hand, 
serviceware can be characterised as an overlay 
abstraction, upon existing global infrastructures 
(grids), offering end-users programming, interaction 
and control models to develop, deploy and manage 
their required applications, for the modern virtual 
organisation business model. 

However, this vision engenders a range of long 
standing technical challenges including; scalability, 
complexity, availability and manageability of such 
systems. To explore the self-management issues of 
planetary-scale systems, we are conducting a case-
study using the PlanetLab overlay and services [1, 
11]. For completeness of the paper, we provide a very 
brief overview of the PlanetLab project as its full 
introduction is beyond the scope of this paper.  

PlanetLab is an open platform for developing, 
deploying and accessing planetary scale services [1]. 
PlanetLab is a testbed for Internet, WAN network 
and global computing research [1], which depends on 
location partitioning or zoning where each region has 
a central unit known as a proxy. The latter is 
responsible for all the management, control and 
monitoring processes of the different components in 
this region. Each of which represent computer hosts 
(nodes), slices, slivers, Virtual Servers (VServer), 
infrastructures, communications, applications and 
users [1, 16]. Hence, the application of autonomic 
principles, including self-management and 
administration, applied to such an overlay can 
provide interesting insight, evaluation and/or 
validation of autonomic computing using very-large 
scale systems.  

Thus, the experiment presented in this paper 
focuses on how to use the sensor and actuator 
framework and associated services, to provide 
intelligent monitoring and control of systems, leading 
to autonomic self-management utilities for the 
PlanetLab overlay, which incorporates thousands of 
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deployed sensors and actuators within its environments 
[2].  

The remainder of the paper is structured as follows: 
Section 2 outlines related works followed by a software 
sensor and actuator overlay. Section 4 presents the 
structure of the Sensor and Actuation Description 
Language (SADL) followed by an illustrative example 
of using it. Model for Monitoring Sessions Description 
Language (MSDL) is demonstrated in Section 5. 
Finally, the paper concludes with a general summary.  
 
2. Background 
 

Much work focusing on systems monitoring, 
including tools and services for PlanetLab, can be 
found in the public domain [1]. Different types of 
sensors services and API such as; CoMon [7], Ganglia 
[9], iPerf [19] and IrisLog [20] are available for this 
environment. These are used to provide instrumentation 
data such as; processor, memory, bandwidth and other 
networking services. 

Other PlanetLab tools and services such as, Node 
List [10], Trumpet [18], and SWORD [21] are used to 
provide availability and status information of available 
nodes (hosts), which are registered with the PlanetLab 
environment. Yan et al. [17] presented an algebraic 
approach for adaptive scalable overlay network 
monitoring. Matthew et al. [22] presented the design, 
implementation, and evaluation of Ganglia, a scalable 
distributed monitoring system for high-performance 
computing systems. Brent et al. [11] describe the initial 

implementation of PlanetLab, including the 
mechanism used to implement virtualization, and the 
collection of core services used to manage PlanetLab.       

However, the authors argue that more work is still 
required to support sensor and actuator middleware 
services to provide for instance; a seamless 
generation, deployment and discovery of typed on-
demand sensors [2]. This will be further detailed in 
Section 4. 
 
3. Using PlanetLab Overlay  
 

The developed sensor and actuator framework runs 
over the PlanetLab environment providing 
monitoring facility, in that, a set of deployed sensors 
and actuators monitor PlanetLab components -- 
nodes, proxies, slices. For example, as portrayed in 
Figure 1, the sensor and actuator framework scenario 
contains three major actors namely: 
• Sensor provider: deploys and exposes a specific 

sensor and its meta-model via the framework for 
use by other PlanetLab agents. 

• Sensor container: responsible for storing and 
managing the sensors’ information, which is 
deployed by the sensor provider in this 
framework. 

• Consumer: sends a request for a sensor to be 
injected in the targets. The consumer can ask for 
more than one sensor at a time to be injected in 
more than one target.  

 

Figure 1.  Sensor Framework for PlanetLab Environment. 

In other words, the sensor provider supplies the 
framework with the required sensors, which are able 
to read different types of data. The process of the 

framework starts by gathering information 
concerning deployed sensors. Such information 
includes types of sensors, environment, application, 



category of sensor, location, etc. Such information is 
described using the developed Sensor and Actuation 
Description Language (SADL) [2]. The next section 
illustrates the use of SADL with the PlanetLab 
environment. The Sensor framework manages the 
lifecycle deployment of the sensors according to their 
type, category and application. In view, of the large 
number of sensors likely to be deployed with the 
framework, an indexing scheme has been introduced 
to improve the discovery and selection of sensors. 
The sensor container stores all the sensors’ 
information in its registry. Such information is used 
by the sensor framework to inject sensors to monitor 
a given target.  

To this end, the sensors are deployed with the 
sensor framework.  Consumers use Monitor Session 
Description Language (MSDL) [2] to send requests 
for sensors. MSDL contains complete information for 
the session task describing the interval of reading, 
targets information, and contract information. SADL 
analyses the consumer request to find the most 
suitable sensors, according to the consumer’s 
requests and contract. After finding the required 
sensors, the system injects them into the required 
targets and starts collecting measurement data, which 
is stored in a log file and delivered to the consumers 
as an XML file. 

The next sections outline the use of the sensor and 
actuator framework together with its description 
languages using the PlanetLab testbed.  
 
4. Sensor & Actuation Description 

Language and PlanetLab Overlay  
 

Previous research has focused on the deployment 
of a range of sensors to detect and record various 
systems’ activities in the PlanetLab environment. 
Such readings are used to supply the self-
management and control services with contextual 
data necessary for the adjustment of systems 
operation and behaviour. Consequently, SADL is 
used to provide adequate information regarding the 
deployed sensors. 

SADL was originally developed to provide 
standard methods for exchanging information 
between different actors in the sensor framework to 
support our grid computing middleware [2]. In this 
paper we show its applicability to global computing 
using PlanetLab environment. SADL is used to 
deploy the PlanetLab sensor overlay with our sensor 
framework. Different types of sensors are available to 
be deployed with our framework such as; CoMon [7], 
Ganglia [9], Node List [10] and others. A SADL 
process consists of two parts: (i) sensor information -
- deployed by the provider, and (ii) process discovery 
-- from a a given consumers’ requirements.  

Figure 2, presents an example of using SADL with 
PlanetLab. In this example CoMon sensor [7, 8] is 
selected to be deployed, which provides data 
regarding processor status, memory state and 
transmission bandwidth. The deployed information 
consists of: basic sensor information, contract 
information, which describes Service Level 
Agreements (SLA), a user interface for requesting 
sensors (if possible), environment information, and 
required resources as shown in Figure 2. 

 
5. Monitor Session Description 

Language  
 
Monitor Session Description Language (MSDL) 
provides a meta-description of a consumer’s 
monitoring requirements, which is used by the sensor 
and actuator services as described in Section 3.  
Figure 3 presents an example of MSDL to access and 
interact with PlanetLab Sensors. The consumer sends 
information using MSDL format, which covers the 
application (PlanetLab, Grid, Connected-Home 
machine and others), duration of requesting 
information, client or target information and 
requested sensors. SADL uses this information to 
find the requested sensors and inject them into the 
target and start to obtain readings. The data is then 
stored in logger, which is responsible for converting 
the readings into a standard format, based on XML, 
and delivering it to the consumers. 
 



Figure 2.  SADL example for PlanetLab environment. 

 
 

Figure 4 outlines the format of the readings 
(instrumentation data) accessed from the log service 
(repository) for CoMon sensor. The parameters 
include: 
• CTX: the slice's context ID, a sort of user 

number  
• TX1: transmit bandwidth in Kb/s over 1 minute  
• TX15: transmit bandwidth in Kb/s over 15 

minutes  
• RX1: receive bandwidth in Kb/s over 1 minute  
• RX15: receive bandwidth in Kb/s over 15 

minutes  
• #PR: the number of processes owned by this 

slice  
• PMEMMB: the amount of physical memory (in 

MB) used by this slice  
• VMEMMB: the amount of virtual memory (in 

MB) used by this slice  
• %CPU: what fraction of the CPU is being 

consumed by this slice  
• %MEM: what fraction of memory is being 

consumed by this slice, and 
• NAME: the slice's name. 

Figure 3.  MSDL example for PlanetLab consumers. 

 



 
 

6. Implementation 
 

The current implementation of the framework and 
middleware services is achieved using the .Net 
framework and Visual Studio, with the sensor and 
actuator services developed as web services (Figs. 5, 6). 
SOAP is used to invoke PlanetLab services and achieve 
distributed service programming as the PlanetLab 
environment currently does not support Windows OS or 
the .Net framework. Figures 5 and 6, illustrates a proof-
of-concept interface for the general management of the 
sensor and actuator overlay. The latter is used for the 
self-management of the overlay.  

 
7. Conclusions  
 

The paper presented an overview of a developed 
sensor and actuator framework for gathering 
information to support monitoring and control utility 
for autonomic services – systems’ self-management. To 
study scalability issues, a usage scenario of the 
developed sensor and actuator framework was 
conducted using the PlanetLab environment. A 
prototype of the Sensing and Actuation Description 
Language (SADL) is designed for the purpose of 
deploying, discovering, and exchanging information 
concerning different types of PlanetLab sensors (Sec. 
4). A prototype for Monitor Session Description 

Language (MSDL) (Sec. 5) has been developed to 
present a standard method for sending monitor job 
schedules from the consumer to the sensor 
framework. A standard format of passing 
information, from the logger inside the sensor 
framework to the consumers, is demonstrated in this 
paper.  

To this end, the sensor framework is tested using a 
large scale system such as; PlanetLab. The results are 
promising and expected to provide a template for 
generating, deploying, and discovering different 
types of sensors for different types of environment. 
Moreover, this highlights the use of middleware, with 
its services and functions, for the PlanetLab and 
WAN environments.   

 

Figure 4.  Logger Example 

Figure 5.  Deployed Sensor  
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