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Abstract: 
In this document, a unified approach for the description of resources, called the Resource Description 
Language (RDL) is defined. The RDL is a specification for the description of resources which can be 
used in various management algorithms. The RDL can be used to describe a wide range of resources, 
such as node-, network-, service-, and community-resources. An algorithm using the RDL does not 
have to limit itself to one group, but can easily combine information from the various groups in its 
decision making progress. The main goal for the RDL is to define a re-usable resource description 
specification for different algorithms, which can only be reached if the resources are described in a 
standard form. The RDL standard will not be closed, but rather will always adapt to new evolutions in 
the field. 
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1 INTRODUCTION  

Communication networks tend to consist of a large number of communicating nodes with 
heterogeneous characteristics, which try to make communication as efficient as possible [FeSC06]. 
Cross-layering of information is a popular method to expose information of the lower layers to the 
higher layers and vice versa in order to optimise the efficiency of the resources. [HKJS99]. Also, each 
node needs to collect information about neighbouring nodes, as the nodes have to negotiate available 
resources to communicate on, and also available services [ZaKi01]. There is a lot of similarity 
between the management of resources in heterogeneous networks and the management of resources 
for meta-computing systems [CFKK98]. There are many resource management algorithms, which all 
try to optimize for a certain scenario, however, the main goal of these algorithms is the same, namely 
to manage the available resources in the node. Given the heterogeneous nature of modern networks, 
interoperability issues need to be kept in mind when designing new algorithms. 
 
In this document, a unified approach for the description of resources, called the Resource Description 
Language (RDL) is defined. The RDL is a specification for the description of resources, which can 
then be used by various management algorithms. Within the World Wide Web Consortium (W3C), 
there is a working group with a seemingly similar task, named Resource Description Framework 
(RDF) [MaMi04]. The RDF is a language for representing information about content in the World 
Wide Web (WWW). The RDF inserts meta-data into a document, e.g., a webpage. The meta-data is 
used to describe the actual data the document contains in order to be more easily processed by 
machines. The RDL concept is not about meta-data, but about describing objects that do not exist as 
content, such as temperature sensors, queues, etc. The RDL is input to management algorithms and as 
such there is a need to separate the definition of the resources from the functionality of the algorithms 
that use them. This way, the algorithms can more easily support heterogeneity of resources, which is 
beneficial for opportunistic networking, where each node might try to use whatever resources are 
available at any given time.  
 
The RDL can be used to describe a wide range of resources, such as node-, network-, service-, and 
community-resources. An algorithm using the RDL does not have to limit itself to one group, but can 
easily combine information from the various groups in its decision making progress. The main goal for 
the RDL is to define a re-usable resource description specification for different algorithms, which can 
only be reached if the resources are described in a standard form. The RDL, for instance, can be used 
for cross-layering information from the physical layer, so that actions can be triggered from events 
happening at the lowest layer, such as a fading of the wireless channel in case of a wireless link. 
Another example is the use of the RDL to describe the resources in a Wireless Sensor Network 
(WSN). The RDL standard will not be closed, but rather will always adapt to new evolutions in the 
field. 
 
Within the NEWCOM++ Network-of-Excellence [Newc08], the RDL can be beneficial to a number of 
activities in the research work-package (WPR) 11. This document introduces the RDL within the 
network of excellence and aims at finding cooperation to further develop and refine the RDL concept. 
The structure of this document is as follows. In chapter 2, the RDL concept is defined and 
exemplified. It also highlights the usefulness of the RDL for the Joint Research Activities (JRAs) in 
the NEWCOM++ Network of Excellence. Chapter 3 describes an initial format specification of the 
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RDL and some of its interpretations in languages, such as Extensible Mark-up Language (XML) and 
Key-Length-Value (KLV). Conclusions are drawn in chapter 4. 



216715 NEWCOM++  NEWCOM2_WPR.11_IST_012_009_EXT_Rdl 
  

Reference WPR.11  
8 / 18 

2 RDL  CONCEPT 

This chapter describes the concept of the RDL, which are then exemplified by scenarios. The chapter 
also superficially looks into the use of the RDL within the NEWCOM++ JRAs. 
 

2.1 Concept 

The RDL is designed to provide a flexible resource description framework, capable of not only 
describing the resources per se, but also of contextualizing them as capabilities or requirements, as 
well as specifying any additional constraints and limitations on their functionality and the policies that 
govern their use. The resources in the RDL are order hierarchically in three layers, as shown in Figure 
2.1. 
 

 
Figure 2.1: RDL Layers. 

 
The RDL can operate within multiple layers, describing scalar resources, services, and communities. 
Scalar resources represent the most fundamental aspects of the described objects, i.e., describing what 
the objects are and characterizing them both qualitatively and quantitatively. These scalar resources 
describe such things as node hardware capabilities, as well as any specific metrics or state information 
provided by the network layers. Services, on the other hand, describe coherent packages of scalar 
resources that export some sort of functionality. For example, whereas a network router can describe 
its queues and protocol capabilities as scalar resources, it can export its gateway capabilities as a 
service, allowing its peers to route packets through it. Finally, communities build upon the concept of 
services by attaching usage policies and agreements. This enables groups of nodes to set the terms by 
which they may cooperate to achieve common goals. 
 
Resources, whether they are scalar, services or community ones, belong to nodes in the network. 
Scalar resources are, most likely, found in nodes in the network, describing what resources the node 
has. Service resources, as well as community ones can be available either in a single node, a group of 
nodes or an entire network. The RDL defines two scopes in order to define where the resources exist, 
or where they can be used. These scopes are the node-scope, where the scope indicates a single node, 
or a network-scope, where it indicated a group of nodes or a network. At the node level, individual 
nodes export their resources, advertising them internally or to the network, at the network level, these 
resources can be presented in an aggregate form, describing entire networks of nodes. These networks, 
in turn, can take any form, from simple single-hop node clusters to larger multi-hop neighbourhoods, 
or even entire networks. In fact, the RDL can be used to describe the resources within communities of 

Communities 

Services 

Scalar Resources 
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non-contiguous nodes, building on the concept of logical neighbourhoods. Once these network 
resources have been collected and described within an appropriate scope, additional information can 
be cooperatively extrapolated from it, allowing the RDL to perform such tasks as clear channel 
assessment, and opportunistic spectrum allocation. 
 

2.2 Scenarios 

In this section a few generic use case scenarios are provided as means to better exemplify how the 
RDL can be used in several contexts.  

2.2.1 Cross-layering 

Cross-layering is the sharing of information between 2 or more layers of the protocol/network stack in 
a node. Currently, for every piece of information to be shared, special APIs need to be implemented 
for every attribute. To be fair, special fixed constructs could be created in order to jointly access some 
attributes, but this alternative is not very flexible as the construct has to be known at design-time. 
Since the RDL splits the resources from the functionalities, the resources can be easily shared by all 
layers. A RDL hook can be implemented at the different layers of the network stack, which can 
periodically scan the RDL for changes. Another option would be to implement a simple trigger API to 
alert the hooks at the other layers of changes. This allows information on resources to be shared 
among all layers much more easily, than in current situations.  
 
Fast Mobile IPv6 (FMIPv6)[Kood03] is an extension on standard Mobile IPv6 [JoPA04], where some 
improvements in latency are obtained by making use of cross-layering. In FMIPv6, the node can send 
a solicitation request to initiate a handover when detecting new access points (APs). The detecting of 
the APs is done at the link layer, which has to alert the network layer to send such a request. If the 
RDL is used, the hooks implemented at the link layer would update the RDL information with the new 
resource (new AP) and either wait for the hook at the network layer to poll the information or send the 
RDL trigger. Other algorithms could make use of this sharing of information between layers at the 
same time, without the need of introducing special APIs for every algorithm. 

2.2.2 Modular Middleware Solution 

Network resource management is a key issue when developing modular middleware solutions for 
embedded networked systems and wireless sensor networks, as an intelligently crafted middleware 
solution could use this information to automatically adapt applications based on a node’s capabilities 
or the context of its neighbourhood. Additionally, the RDL can be used to describe application level 
constraints, ensuring that heterogeneous applications are only run within environments where 
sufficient resources are available to support them. 
 
Using these mechanisms, not only can the RDL play an important role in describing network resources 
to users, but also within the middleware itself, as input to automatic decision making algorithms. From 
the user’s perspective, the RDL can be used to provide a powerful insight into the networks built-in 
capabilities and resources, allowing them to create better informed policies. From within the 
middleware itself, the additional information provided by the RDL can be used to enable automated 
application optimizations, or even to decide when it would be wise to migrate a particular application 
or functionality to another, more capable, node. Under these circumstances, the RDL can be a key 
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element in enabling opportunistic resource sharing and creating more powerful, context-aware, 
embedded applications. 

2.2.3 Community 

In the IST-WIP project [WIP07], a community is defined as: 

“A community is a group of entities which cooperate to reach a common goal.” 
 
The idea behind the community concept is that people can offer services or use services from other 
members in their community. Examples of communities are: supporters of the same football-club or 
people who live in the same neighbourhood. The FON network ([FON08]) is a community where 
members share their internet connection by allowing members to use their Wireless Local Area 
Network (WLAN) gateway. In this example, the constraint for anyone to use the WLAN is that they 
have to be a member of the FON community. These services and constraints can be easily published 
with the RDL. By using a standard format, like the RDL, the specifications can be understood by 
various communities. It would also allow a member to define what to offer to whom in a standard 
manner. 
 

2.3 RDL within NEWCOM++ WPR.11 JRAs 

The RDL can be used in opportunistic localization and tracking, JRA 5.1, where the nodes that have 
GPS capabilities, or other means to know their physical location, store that information in the RDL. 
The nodes that do not have location information, can build their localization information from the 
RDL from vicinity nodes. The nodes do not need to have the same location mechanism to determine 
their position, but can work together as long as the RDL is used for the exchange of information. 
 
Congestion control is a key-issue in transport protocols, JRA 5.3, especially when Quality of Service 
(QoS) is requested. The RDL can efficiently collect congestion information from the node and its 
vicinity, which is useful for the transport mechanisms to be developed. 
 
RDL and routing, JRA 5.4, have a lot of similarities. Routing tables are based on information on local 
nodes, so to make a decision where to send the data to in the next hop. The RDL could be used to 
enhance the routing decision, by taking the state, localization information and the quality of the links 
into account, which can be found in the RDL. 
 
In peer-to-peer techniques, JRA 5.5, the RDL can be a key-instrument for announcing and discovering 
peer-nodes, -services and –capabilities. It can also be seen as a way to do data-aggregation in a WSN, 
as proposed by [Verd08] through the use of resource vectors. 
 
In opportunistic spectrum access, JRA 5.9, you need to collect the information on the available radio 
interfaces from the nodes in the vicinity. Each node needs to always have its RDL updated with the 
available spectrum. Based on the RDL, nodes can negotiate a free channel within the vicinity. Such a 
mechanism could be used to reduce the interference in the network, because possible interfering nodes 
are kept updated on busy and available spectrum. This improves the overall link quality and 
throughput, by reducing the number of retransmissions. 
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3 FORMAT SPECIFICATION  

Given the heterogeneous nature of modern networks, interoperability issues come into play. As such, 
the RDL must be built upon standard formats with clear and unambiguous specifications, assuring that 
different nodes, with different implementations of the RDL, can still successfully manage their 
resources cooperatively. This chapter firstly describes the different elements of the format 
specification, followed by an XML interpretation and a Key-Length-Value (KLV) one. 
 

3.1 Elements 

The RDL describes resources as either capabilities or requirements. These resources, in turn, can be 
specified as one of three types: scalar resources, services and communities. Additionally, scopes are 
used to define the context within which these resources are defined, as well as to limit the reach of the 
queries that look them up (e.g. A resource may be described as belonging to “node 1”, and one may 
search for all of the resources that belong to “node 1” to find it). Constraints, on the other hand, are 
used to further define any limitations that apply to these resources, describing capabilities and intrinsic 
properties in the case of scalar resources (e.g. the printer is only capable of printing in black and 
white), usage policies for services (e.g. anyone can print up to 20 pages, but members of the “VIP” 
community have unlimited printing rights), and membership pre-conditions for communities (e.g. 
members of the “VIP” community must be accessing the resource from within a special VLAN). 
 
Two formats are proposed, one based on XML and another following a more compact binary 
representation. Whereas the XML based format is suited for most applications, enabling the use of a 
vast library of XML based tools and APIs that have already been developed, the compact binary 
representation could be used in networked embedded systems and wireless sensor networks where the 
limited network resources and processing power, as well as the need for energy efficiency advise 
against the use of XML. 
 

3.2 XML-Based Format 

In this section the XML based RDL format is described in further detail. Following the general RDL 
model, this format describes capabilities, requirements, resources and their scopes and constraints 
using XML elements and attributes. This way, a top level “<rdl>” element is defined. Within this 
element, multiple capabilities and requirements can be described through the “<capability>” and 
“<requirement>” elements, respectively. 
 
The capability or requirement element, in turn, contains two main sections, the scope description and 
the resource description. The scope description, specified within a “<scope>” sub-element, describes 
the entity that provides the capability or the context within which the requirement is needed. This 
element has a mandatory “type” attribute, indicating whether the scope describes a “node” or a 
“network”, as well as any number of optional descriptive sub-elements. 
 
The resource description, within the capability or requirement element, is specified through 
“<scalar>”, “<service>”, or “<community>” sub-elements. Each of these sub-elements are uniquely 
identified by an “id” attribute, while the “scalar” and “service” ones are further described by a 
mandatory “type” attribute, that specifies what kind of resource they represent. Optional descriptive 
sub-elements can be used to describe these resources while “used-resource” sub-elements may be used 
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to identify any additional resources that are used by them. Finally, constraints are specified through 
“constraint” and “constrained-value” sub-elements. The constrained-value sub-elements indicate a 
limitation on the values a particular variable make take through the use of “key”-“operator”-“value” 
attributes, specifying an inequality that applies to a property (e.g. pages < 20), according to the 
semantics specified in the optional “operator” attribute (i.e. the default value “equals”, “different”, 
“greater”, “less”, “greater-equal”, “less-equal”, “contains”, “does-not-contain”, “is-contained”, “is-
not-contained”). The constraint sub-element, in turn, groups multiple constrained-values, performing a 
simple kind of composition. This composition follows different semantics whether it is being used in a 
capability or a requirement. Within capabilities, all constraints and constrained-values are logically 
OR-ed at the resource description root-level and logically AND-ed within the constraint sub-elements, 
in other words, if any of the root conditions are met, the capability is considered to satisfy the 
requirement, on the other hand, all of the constrained-values within a constraint must be met to satisfy 
the requirement. Requirements, in contrast, follow the opposite logic: constraints and constrained-
values are AND-ed at the root level and OR-ed within sub-constraints, i.e. all root-level constraints 
must be met and sub-constraints represent alternative choices.  
 
Using a mechanism similar to the one used to describe composite constraints, simple composite 
requirements can also be built. Whereas capabilities can only be logically OR-ed at the root-level, i.e. 
a requirement need only match one capability to be satisfied, a requirement can describe a richer 
relationship. The idea is that, like in capabilities, any of the root-level requirements can be met to 
achieve a match between two RDL descriptors but, within each requirement element, all “<scalar>”, 
“<service>”, and “<community>” sub-elements must be met (i.e. they are logically AND-ed). This 
description can be further enhanced through “<alternatives>” sub-elements, containing additional 
“<scalar>”, “<service>”, or “<community>” sub-elements, allowing one to have a third level of depth, 
now following and OR-ed logic. 
 
This format is further illustrated in Error! Reference source not found.and Figure 3.2 
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Figure 3.1: Example 1 – EduRoam community. 

<!DOCTYPE rdl PUBLIC "-//IT//DTD RDL 1.0//EN" "http ://localhost/rdl.dtd"> 
<rdl> 
 <capability> 
  <scope type="node"> 
   <name>AP10.26</name> 
   <description>The AP hanging on the wall on the 1 0th floor</description> 
   <ipv4address>192.168.8.254</ipv4address> 
  </scope> 
  <scalar id="1" type="IEEE802.11g-transceiver"> 
   <description>The Tx/Rx in the access point 10.26 </description> 
   <constrained-value key="channel" operator="great er-equal" value="1" /> 
   <constrained-value key="channel" operator="less- equal" value="13"/> 
   <constrained-value key="channel" operator="is" v alue="5" /> 
  </scalar> 
  <service id="2" type="accesspoint" scope="1"> 
   <name>AP10.26</name> 
   <description>Access point on the 10th floor.</de scription> 
   <used-resource id="1"/> 
   <constraint> 
    <constrained-value key="SSID" value="eduroam" / > 
    <constrained-value key="WPA2" value="1" /> 
   </constraint> 
   <constrained-value key="SSID" value="eduroam-gue st" /> 
  </service> 
 </capability> 
 <capability> 
  <scope type="network"> 
   <node id="1"/> 
   <name>University</name> 
   <description>The University Network</description > 
   <ipv4subnet>192.168.8.0/24</ipv4address> 
  </scope> 
  <community id="3"> 
   <name>EDUROAM IST/TUL</name> 
   <description> 
    Users with an EDUROAM account from the IST/Tech nical University of Lisbon 
   </description> 
   <used-resource id="2"/> 
   <constrained-value key="user-profile" value="VIP "/> 
   <constrained-value key="user-profile" value="res earcher"/> 
   <constrained-value key="user-profile" value="stu dent"/> 
  </community> 
 </capability> 
 <capability> 
  <community id="4"> 
   <name>EDUROAM Users</name> 
   <description>Users with an EDUROAM account</desc ription>  
   <constrained-value key="community" value="3"/> 
   <!-- Other EDUROAM (sub)communities can be added  here --> 
  </community> 
 </capability> 
</rdl> 
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Figure 3.2: Example 2 – Network printer. 

<!DOCTYPE rdl PUBLIC "-//IT//DTD RDL 1.0//EN" "http ://localhost.org/rdl.dtd"> 
<rdl> 
 <capability> 
  <scope type="node"> 
   <name>Printer-01</name> 
   <description>Laser Printer in Hall</description>  
   <ipv4address>192.168.8.5</ipv4address> 
   <macaddress>12:34:56:78:9A:BC</macaddress> 
  </scope> 
  <scalar type="printer-toner" id="1"> 
   <description>The toner cartridge</description> 
   <constraint> 
    <constrained-value key="level" operator="greate r-equal" value="0" /> 
    <constrained-value key="level" operator="less-e qual" value="100"/> 
    <constrained-value key="level" operator="is" va lue="64"/> 
   </constraint> 
  </scalar> 
  <scalar type="printer-tray" id="2"> 
   <description>Upper tray</description> 
   <constrained-value key="papersize" value="A4" />  
   <constrained-value key="papersize" value="A3" />  
   <constrained-value key="papersize" operator="IS"  value="A4" /> 
  </scalar> 
  <scalar type="printer-tray" id="3" scope="1"> 
   <description>Lower tray</description> 
   <constrained-value key="papersize" value="A4" />  
   <constrained-value key="papersize" value="A3" />  
   <constrained-value key="papersize" operator="IS"  value="A3" /> 
  </scalar> 
 </capability> 
 <capability> 
  <scope type="network"> 
   <node id="1"/> 
   <name>University</name> 
   <description>The University Network</description > 
   <ipv4subnet>192.168.8.0/24</ipv4address> 
  </scope> 
  <service type="printer" id="4"> 
   <name>Printer-01</name> 
   <description>Printing Service on Laser Printer i n Hall</description> 
   <manufacture>Canon</manufacturer> 
   <model>iR3570</model> 
   <used-resource type="scalar" id="2"/><!-- Upper Tray (A4) --> 
   <used-resource type="scalar" id="3"/><!-- Lower Tray (A3) --> 
   <used-resource type="scalar" id="1"/><!-- toner --> 
   <constraint> 
    <constrained-value key="community" value="5"/> 
    <constrained-value key="pages" operator="less-e qual" value="20"/> 
   </constraint> 
   <constrained-value key="pages" operator="less-eq ual" value="2"/> 
  </service> 
  <community id="5"> 
   <name>Department Users</name> 
   <description>Users of the University Department 'X'</description> 
   <used-resource type="service" id="4"/> 
  </community> 
 </capability> 
</rdl> 
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3.3 Compact Binary Representation 

The XML-based format shown above gives a complete and still human readable form of the 
description of resources. However, in some scenarios, such as WSNs, there is the need for a more 
compact representation, due to node limitations with respect to processing or storage space. As such, a 
KLV based format is proposed. KLVs are tuples that associate a variable length value with a fixed size 
integer key identifier, while also explicitly specifying the size of the value. A hierarchal system can 
also be created by recursively encapsulating entire children KLV tuples within their parents’ value. 
The main advantage of this system is the fact that if a node isn’t familiar with a given key, while it will 
not be able to use its value, it will still be capable of skipping over it and using the remaining, 
otherwise usable, KLV tuples. Additionally, for a small set of mandatory key identifiers with fixed 
size values, the format can be further compacted by omitting the length value, as the nodes pre-
existing knowledge can be used to calculate it. 
 
Using this hierarchal KLV semantic, allied with some additional optimizations, the new format can be 
built using a structure similar to the one used in the XML format, as illustrated through an example 
below in Figure 3.3. 
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Figure 3.3: Example 3 – KLV description of WSN resources. 

<capability> = { 
 <scope> = { 
  <scope-type> = <node>; 
  <node-address> = 0; 
 }; 
 <scalar> = { 
  <scalar-type> = <temperature-sensor>; 
  <constraint> = { 
   <constrained-value> = { 
    <contraint-key> = <sample-frequency>; 
    <constraint-operator> = <less-equal>; 
    <constraint-value> = 1000; // Hz 
   }; 
   <constrained-value> = { 
    <contraint-key> = <error-margin>; 
    <constraint-operator> = <greater-equal>; 
    <constraint-value> = 1000; // PPM 
   }; 
  }; 
 }; 
}; 
<capability> = { 
 <scope> = { 
  <scope-type> = <node>; 
  <node-address> = 1; 
 }; 
 <scalar> = { 
  <scalar-type> = <smoke-sensor>; 
  <constrained-value> = { 
   <contraint-key> = <sample-frequency>; 
   <constraint-operator> = <less-equal>; 
   <constraint-value> = 10; // Hz 
  }; 
  <constrained-value> = { 
   <contraint-key> = <error-margin>; 
   <constraint-operator> = <greater-equal>; 
   <constraint-value> = 100; // PPM 
  }; 
 }; 
}; 
<capability> = { 
 <scope> = { 
  <scope-type> = <network>; 
  <sink-address> = 0; 
 }; 
 <service> = { 
  <service-type> = <fire-alarm>; 
  <used-resource-id> = 0; // First defined resource . 
  <used-resource-id> = 1; // Second defined resourc e. 
  <constrained-value> = { 
   <contraint-key> = <user-communities>; 
   <constraint-operator> = <contains>; 
   <constraint-value> = 0; // Community UID. 
  }; 
 }; 
 <community> = { 
  <uid> = 0; // Fire-fighters 
 }; 
}; 
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4 CONCLUSIONS 

This document is a first step towards the specification of the RDL. The main goal for the RDL is to 
define a re-usable resource description specification for different algorithms, which can only be 
reached if the resources are described in a standard form. By separating the actual resources from the 
functionalities behind the algorithms that use them, new systems can take advantage of a pool of 
available resources. 
 
The RDL defines three layers of resources, i.e., scalar resources, services, and communities. Scalar 
resources describe the objects and characterize them both qualitatively and quantitatively. Scalar 
resources are, for example, node hardware capabilities, the SNR or packet error rate of a wireless link, 
etc. Services, on the other hand, describe packages of scalar resources that export some sort of 
functionality. For example, whereas a network router can describe its queues and protocol capabilities 
as scalar resources, it can export its gateway capabilities as a service, allowing its peers to route 
packets through it. Communities build upon the concept of services by attaching usage policies and 
agreements. This enables groups of nodes to set the terms by which they may cooperate to achieve 
common goals. Using the RDL without the scalar resources does not make sense, but it can be used 
without the services and community layers. If one only wants to explore services, the community layer 
does not need to be implemented. And finally, exploring the community layer, all layers need to be 
defined. 
 
Scalar resources are bound to a scope and there have been two scopes defined, i.e., node and network 
scope. The same scopes can be used to define where a service can be used, or where a community can 
be active.  
 
Next steps include an implementation into proof-of-concept algorithms. It is impossible to define all 
resources which currently exist, therefore resources-descriptions will be added, when they are required 
by new algorithms or implementations. 
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