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Abstract—Describing  network  scenarios  using  

intermediate languages  or  models  has  been  a  complex  task,  

since  these languages  should  be  able  to  promote  the  

interoperability among  the  different  network  tools  applied  

for  the  modeling and simulation of those scenarios. However, 

the reutilization of network descriptions and other network 

related data among tools is not straightforward. Therefore, the 

use of a standard data structure, or language, to describe data 

networks would promote the interoperability among network 

tools, providing the users with the possibility of applying new 

platforms and tools to validate their network scenarios. This 

paper presents a framework  for  the  integration  of  different  

modeling  and simulation  tools  based  on  the  language  

Network  Scenario Description Language (NSDL). 

 
Index Terms—Modeling, network description language, 

simulation, XML.  

 

I. INTRODUCTION 

Considering the nature of the existing tools, the network 

tools can also be developed as proprietary or open-source 

applications. The proprietary tools, usually are not free, and 

offer a broad possibility of options and functionalities, being 

supported by a more complete and accurate documentation. 

The open-source tools are free, normally being developed in 

order to provide the solution of some specific issues and 

problems, limited to some specific domains, and, most of the 

times, having a scarce and incomplete documentation. 

As for the functionalities provided by these network tools, 

some are very limited in terms of number of functionalities 

available and have a very specific application. Others are 

based on a large set of models and provide a more complex 

analysis over a network. Therefore, we can also group these 

tools based on their functionalities.  

A first group of tools provides the network modeling 

identifying the existing objects and their characteristics. 

These tools can be also automatic being able to scan a 

network infra-structure and to collect network information 

and configuration aspects in order to be able to build the 

network topology based on a graphical user interface.  

A second group of tools executes some algorithms to test 

or validate the represented data network. Examples of these 

tools are the network simulators or applications that evaluate 

a particular protocol.  

A last group of tools allows monitoring the utilization of 

the network and collects data for further analysis. The data 

 
Manuscript received April 10, 2012; revised May 15, 2012. 

Eduardo M. D. Marques is with the University of Madeira, Funchal, 

9000-390, Madeira, Portugal (e-mail: emarques@uma.pt).  

Paulo N. M. Sampaio is with the Salvador University - UNIFACS, 

41950-275, Salvador, BA, Brazil (e-mail: paulo.sampaio@pro.unifacs.br). 

gathered can be visualized through simple statistics or more 

complex visualizations in order to provide a better 

understanding of the network behavior.  

If all these tools were applied jointly in a coordinated way, 

they could provide a solid and helpful environment for 

optimizing the management of a network. Nevertheless, the 

data formats used in general by the tools are very distinct and, 

most of the times, incompatible.  

A literature review has been carried out in order to identify 

the existing description languages for data networks, and by 

the number of existing description languages, we can 

conclude that the need to represent this type of information is 

highly relevant. Some languages are very generic in the 

attempt to represent networks and others try only to represent 

a specific domain of the network area. The following 

contributions in the literature are presented chronologically. 

Network Description (NED) [1] uses modules - simple and 

compound - and connections among them to allow the 

representation of any network topology. Its notation is very 

similar to a general programming language. 

ANother Modeling Language (ANML) [2] is based on 

Domain Modeling Language [3], and uses schemas, 

databases and models to represent, respectively, the 

components of the network, the repository of reusable 

components and specific simulation scenarios. 

RElational Network Description Language (RENDL) [4], 

implements the description of the network system through 

entities and relations established among them. It is used in the 

NSDF [4] framework and it is focused in the network 

security field. 

Network Description Language (NDL) [5] is used to 

describe optical networks, and it uses several schemas to 

describe the network, such as: Topology, Layer, Capability 

and Domain. 

Language for Network Meta-Description based on XML 

(LNMet-X) [6] is based on XML [7] and the network 

description is done using the objects node, link, agent and 

traffic. This language also supports the description of events 

in the context of network simulations. 

Network Modeling Language (Netml) [8] is based on 

XML, and it uses the objects node, link and traffic stream to 

support the description of a network. It also contains 

information about objects display properties.  

Network Design Markup Language (NDML+) [9] 

contains a large set of categories to represent a network, such 

as project info, environment, constraints, topology, traffic, 

technology, test and cost. It was intended to be applied in 

802.3 Ethernet, 802.11 WLAN and 802.16 WiMAX 

networks. 

Some of these languages are already implemented in many 

of the available network tools, and, in particular in the 
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domain of network simulation, such as in Omnet++ [10], 

which applies NED [1]. 

The use of a normalized language could bring many 

advantages since, as stated by Kiddle, “many tools can make 

use of a language that describes communication networks” 

[2]. In [11], the authors, referring the network simulation 

domain, affirmed that “a standard language for scenario 

description would enable a number of additional 

improvements to the simulation workflow”. Others authors 

reaffirmed the positive support that such a language could 

bring for users working in several network related domains 

[4],[6],[8],[12]. 

All of these languages presented some similarities in the 

representation of a network topology, with its nodes, links 

and other network components. However, since each 

language focused on a particular network context, the 

description of a component in different languages resulted to 

be, most of the times, very distinct.  

Also, by analyzing all the languages, some guidelines 

emerged as common to trace the root for a language that 

could be used as a standard to represent data network. So, the 

most referred guidelines are: (1) reusability [1],[2] to provide 

efficiency using the language; (2) independency of any tool 

[6],[12], and, (3) adaptability [6],[12], so that the tool might 

be able to represent current and new networks. Other features 

were also proposed to characterize the language, such as 

extensibility and flexibility [1],[6],[12]. 

Analyzing the existing solutions, we concluded that it 

would be relevant the existence of a description language 

able to support different network environments and network 

issues. This language should allow the representation of the 

existing networks with all their objects, relations and 

parameters, and it also should be extensible to accommodate 

new objects and future networks. Also, it should be possible 

to add information about one or several contexts of operation 

or analysis to complement the network description. These 

needs were considered during the definition of the 

description language characteristics and the framework 

presented, respectively, in sections II and III of this paper. 

The remaining of the paper is organized as follows: 

Section II presents the Network Scenario Description 

Language. Section III presents the NSDL framework. 

Section IV illustrates a case study with the integration of 

some tools for the modeling, simulation and analysis through 

the utilization of NSDL. The last section presents some 

conclusions and future works. 

 

II. NETWORK SCENARIOS DESCRIPTION LANGUAGE 

The purpose of the Network Scenario Description 

Language (NSDL) is to provide a vocabulary and a set of 

rules, both able to support the description of wired and 

wireless data networks. More than just describing the 

network topology with its objects and characteristics, NSDL 

introduces an important concept: the separation of the 

network description from the several perspectives that may 

exist over that network. For instance, one user could have 

been concerned with the network development; while 

another user could be at the moment responsible for the 

introduction of a new application in the, already, operating 

network. For these two intervenient and to describe many 

others different perspectives or contexts, we defined the 

element Scenario in order to include the description of the 

objects and parameters of a particular context. Each network 

scenario will have its particular functions and tools. 

The principles applied to the design of NSDL were (1) 

simplicity, which means the language has to be simple and 

clear not only to be manipulated by an application or tool, but 

also possible to be edited by a human user with a simple text 

editor; (2) definition of multiple abstraction levels, allowing 

to specify not only simple high level descriptions of a 

network scenario, but also, if needed, to have the possibility 

to create a very detailed description of all network scenario 

objects and its parameters; and (3) extensibility, implying that 

new objects and parameters can always be incorporated in 

future descriptions. 

The use of a single language description in several 

moments of a network life cycle could be very advantageous. 

If the users responsible for the network are familiar with that 

language, they can easily understand the current state of the 

network, thus management of the network is optimized. 

Further integration capabilities can also be achieved since 

developers of a network tool are able to add import and 

export capabilities from and to NSDL, making their work 

interoperable with NSDL networks.  

Interoperability is indeed an important NSDL ś 

advantage. If a user deploys several NSDL compliant tools, 

he can easily analyze a network using each one of them, thus 

obtaining integrated and comparable results. For instance, 

NSDL can be useful when the user needs to execute two 

similar simulations over the same network, with two different 

simulators. Also, we can consider the case where the user 

needs to make use of a particular function of a tool, normally 

not easily available due to the different network description 

language applied by the tool, making the user to learn another 

language in order to implement his code in a different format. 

NSDL can be extended by adding new parameters and 

creating new objects over the already defined basic objects. 

For instance, NSDL can be extended to support the 

description of wireless sensor networks. From the basic 

 
Fig. 1. NSDL file structure with the main sections: Objects and Scenarios 
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object Node, we can define a new node, designated Wireless 

Sensor Node, which will receive all node characteristics, and 

will add its components, such as, special interfaces and 

sensor networks protocols.  

The main goal of NSDL is to provide a rich description of 

the network objects and their parameters and also a 

description of the several network scenarios throughout the 

network life cycle. In this sense, the defined NSDL structure 

and parameters should also be rich enough to describe any 

type of data network and allow incorporating in its definition 

data to support future objects and new data networks. 

The language which has been chosen to support NSDL is 

XML due its richness and flexibility. XML allows the 

specification of clear definitions and has a set of available 

tools. Also, XML assures the validity of the NSDL 

principles: simplicity, abstraction and extensibility.  

An NSDL representation is an XML-based language with 

two basic elements (Fig. 1): Network and Scenarios. The 

Network element contains the description of a network 

identifying its objects and its parameters. The Scenarios 

element may contain several descriptions, each one referring 

to a specific use, or context, to that network.  

The Network element is composed of Templates, Objects 

and Views. The Objects element is the main component of the 

language since it contains the description of the network 

topology. This element is composed of nodes, links and 

domains. Inside the element node we have three other 

objects: interfaces, protocols and applications. We believe 

these six objects are enough to represent any actual and 

future network elements. And, it is always possible to extend 

the language to incorporate new objects. 

Some other important, but not mandatory elements are 

Templates and Views. The Templates element is important to 

simplify the description of similar objects, allowing the 

creation of a template object and referring it several times in 

the objects section, inheriting all properties. The Views 

element is a mechanism to group network objects and could 

be used to organize our networks and, most important, to be 

used by the scenarios as an object. 

In the Scenarios element, two elements are introduced: 

Visualization and Simulation. The Visualization element 

provides additional information to enrich the network 

description, such as objects positioning in the GUIs and 

graphical data. All the parameters needed to implement a 

particular simulation over the network using a generic or 

particular simulation tool is defined in the Simulation 

element. 

In the next section we illustrate the NSDL framework and 

explain how NSDL provides integration among network 

tools. 

 

III. NSDL FRAMEWORK 

In order to provide a generic solution for providing 

interoperability among different network management tools, 

this paper presents a framework which relies on the Network 

Scenarios Description Language (NSDL), which has been 

proposed as a common solution that can be applied to assist 

network managers with the optimization of the network 

during its life cycle. 

Fig. 2 illustrates the layered organization of the several 

components of the NSDL framework. The purpose of the 

upper and lower layers is to include the networks tools, 

current and future ones. The middle layer is represented by 

the NSDL, and some other extra components needed to 

provide the connection among tools. 

 

 
Fig. 2. Three layer composition of the NSDL framework 

 

The division of the network tools into two layers was 

based on the categorization of the tools that need user 

intervention and the tools that execute some functions over a, 

previously, defined instruction set or network scenario. In the 

case of some tools, this division is not always easy or clear, 

but it was important for the framework to make this 

distinction in order to clarify the use of each tool in our 

framework. 

The upper layer represents the tools used to support the 

modeling, monitoring and visualization of networks (e.g., 

Graphical User Interfaces (GUI’s) such as, topology 

generators, operation and failures monitoring, statistics and 

results, etc). The lower layer represents the network analysis 

tools, such as network simulators, management tools, 

security evaluation, etc. Actually, some of the existing 

management platforms are present in both lower and upper 

layers; however, most of them are purpose-oriented and are 

present only in one of the layers. 

In our framework, the NSDL layer provides a middleware 

layer to connect the tools in the upper and lower layers and 

also the tools of the same layer. The GUI’s may read and 

write the created network scenarios and, through specialized 

Application Programming Interfaces (API’s), the bottom 

layer tools are invoked to execute some operations over the 

network. Another example is the use of two or more tools of 

the same layer, such as, the execution of the same network 

scenario in several simulators. 

The implementation of the APIs has been done using some 

XML tools (for validation and transformation), being NSDL 

a XML-based description. 

In the next section we present a case study to illustrate the 

utilization of NSDL framework. 

 

IV. CASE STUDY 

The structure of NSDL allows the representation of the 

network scenario and its elements (nodes, links, domains, 

interfaces, protocols, and applications). Inside each one of 

these elements we still can describe many other parameters 

related to the topology, object characteristics, etc.. To 

illustrate the utilization of the NSDL framework for 

providing the interoperability of different network tools, we 

propose the utilization of some network tools according to 

the life cycle for a scenario (modeling, NSDL mapping and 

simulation/ analysis), as presented in the following sections. 
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A. Network Modeling 

For the modeling of the network scenarios, we v́e adopted 

the network modeling tool called Visual Network Simulation 

(VNS) [13], which was developed at University of Madeira, 

and provides the broad representation of all the components 

of a network (nodes, links, protocols, traffic agents, and 

applications). Besides representing all the components of a 

scenario, VNS also provides the modeling of 

unicast/multicast scenarios, Differentiated Architecture 

(DiffServ) scenarios, and further advanced object 

configuration. Fig. 3 illustrates a snapshot of the VNS 

modeling tool. 

B. The NSDL Representation 

The NSDL language provides a base object (called Node) 

to identify generically all the nodes in a network. Using the 

<node> element it is possible to specify some specialized 

abstraction for the objects, such as <computer>, <router>, 

among others. For each one of these objects, we can 

configure them according to their specific characteristics, 

also including their associated applications and protocols.  

The <link> object can be applied to connect several nodes. 

As expected, some of its parameters are bandwidth and delay. 

A possible specialization for the object <link> is the object 

<fastethernet>.  

In order to simplify the description of similar objects in the 

network, the Templates can be used. Another mechanism in 

NSDL to organize a network is the Views. With the Views it is 

possible to create arbitrary groups of objects. 

Fig. 4 depicts an excerpt of an NSDL Network 

representation. For simplicity reason we do not include 

templates and views in this code. 

An important feature of NSDL is that it provides the 

integration of different network management tools. This 

integration can be achieved using the element Scenarios of 

this language. The Scenarios is useful to describe specific 

information related to a particular network tool, which offers 

a particular perspective over the described network. For the 

moment, two scenarios have been defined for the modeling 

and simulation tools, which are respectively the 

Visualizations and Simulations. 

The Visualization scenario, for instance, allows the 

representation of positioning and graphical information 

associated with the network objects, as depicted in the first 

lines of Fig. 5.  

The Simulation scenario allows the description of specific 

information needed to run the simulation of a particular 

network scenario. Fig. 5 also depicts an example of a 

simulation description. 

C.  Simulation/Analysis 

As illustrated, the NSDL framework allows the integration 

of a network modeling tool with a network simulation tool 

for the verification of the correctness of the network 

topologies and their associate traffic distribution, eventually 

considering possible Quality of Service constraints.  

In the case of the applied network tools, once VNS has 

generated automatically the NSDL representation, it is 

possible to apply XSL transformations in order to generate 

automatically compatible descriptions with any other tool. In 

this case, we generated OTCL [14], which is the format 

applied by Network Simulator 2 (ns-2) [15] for the 

simulation of the network scenario and further utilization of 

its associated tools, such as  Network Animator (NAM) [16] 

and xGraph [17], for the animation and analysis. Fig. 6 

illustrates the utilization of NAM and xGraph for the 

animation and analysis of the simulation results. 

The first experiments with the implementation of the 

NSDL framework allowed us to validate the expressivity of 

this language to describe completely all the components of a 

network, including their QoS features. For enabling the 

simulation of the network scenarios, the NSDL scenarios 

element was also improved to allow the complete description 

of the simulation characteristics related to ns-2. This 

 

Fig. 3. Visual Network Simulation (VNS) modelling tool 

<?xml version="1.0" encoding="UTF-8"?> 

<nsdl> 

 <network> 

  <objects> 

   <computer id="server"> 

    <http id="httpSr"> 

     <dst.app>httpCl</dst.app> 

    </http> 

   </computer> 

   <computer id="client"> 

    <http id="httpCl"/> 

   </computer> 

   <router id="router"/> 

   <link id="ser_rou"> 

    <connection source="server" 

     destination="router"/> 

    <bandwidth>10Mb</bandwidth> 

   </link> 

   <link id="rou_cli"> 

    <connection source="router" 

     destination="client"/> 

    <bandwidth>100Mb</bandwidth> 

   </link> 

  </objects> 

 </network> 

 <scenarios> 

 . . . 

 </scenarios> 

</nsdl> 

Fig. 4. NSDL excerpt with the network objects description 

. . . 

<!-- extract of Visualization --> 

<object id="computer01"> 

 <x.position>100</x.position> 

 <y.position>100</y.position> 

 <z.position>0</z.position> 

 <image>computer.png</image> 

</object> 

. . . 

 

<!-- extract of Simulation --> 

<description> 

 <general> 

  <duration>100</duration> 

  <simulator>ns2</simulator> 

 </general> 

 <events> 

  <event objectid="appl01" time="10"> 

   <parameter name="action" 

    value="start"/> 

  </event> 

 </events> 

 <outputs> 

  <output outputid="out01"> 

   <format>nstrace</format> 

   <path>~/user/simulations</path> 

   <filename>simul_01.tr</filename> 

  </output> 

 </outputs> 

</description> 

. . . 

Fig. 5. NSDL excerpt with the Visualization and Simulation scenarios 
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experiment was relevant to realize the potential of NSDL as 

an integration medium able to provide the interoperability 

among different network management tools, which we 

clearly verified could not be accomplished by the other 

description languages presented in Section 2. 

In order to evaluate NSDL, we also applied this language 

for the modeling and simulation of network scenarios in an 

advanced network course at University of Madeira. In this 

course, the students were asked to model their simulation 

scenarios using OTCL/ns-2 and NSDL. Among other 

objectives, the main purpose was to compare the 

development of the same scenario with both languages. Early 

results show that XML is a more common language to the 

students and that, although more verbose nature of XML, the 

NSDL structure was clearer in the description of the 

simulation environment. 

In the last section we present some conclusions and future 

perspectives of this work. 

 

V. CONCLUSION 

The analysis of several languages to describe networks 

provided us a view of distinct options to the characterization 

of data networks. An important conclusion is that each 

language offers a particular structure to define a network and 

none of them, so far, emerged as standard to describe data 

networks and to provide the integration among different 

network tools. According to different authors, it would be 

important the existence of a common language to describe 

networks in order to promote interoperability among tools. 

Our first contribution, the NSDL, is a proposal of that 

common language. The most relevant difference of NSDL, 

compared to the others languages, is in the principle of 

separation of the network topology and objects from the 

several scenarios that may exist over a network.  

The second contribution, the NSDL framework was 

validated by the integration of network modeling and 

simulation tools. Although, there are still some initial results 

in this direction, we intend to improve our framework with 

the development of new libraries to provide the integration of 

other tools in different domains. 

As for future perspectives, we intend to improve NSDL to 

support different QoS solutions (besides Differentiated 

Services, we also intend to develop components to support 

Multi-protocol Label Switching architecture and Traffic 

Engineering) and also other types of networks such as 

Wireless Sensor Networks. 
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Fig. 6. NSDL framework simulation animation and analysis with 

Network AniMator (NAM)  and xGraph 
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