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Abstract. This work presents the design and implementation of an optical 

transparent IP/WDM network testbed. The implemented software allows the 

characterization of the transport, control and management planes of the 

network. Furthermore, it was developed a graphic user network interface for the 

client/management relation in the optical network. We adopted a centralized the 

control and management planes, obtaining economy of resources and time 

performance. The transport plane physical model allows the simulation of 

transponders, amplifiers and OXCs. They are connected with the control and 

management plane through the use of UDP/IP protocol and using XML for 

supporting the information base. The control plane provides routing and 

protection in the event of data plane failures. The management plane has a 

functional structure based on fail management, on the network configuration 

program, on performance monitoring, on log of changes and on the access 

security system. 

Keywords: IP/WDM Optical Network Testbed, software simulation, Control, 

Management and Transport Plane, WDM, Web Services. 

1   Introduction 

The ever increasing demand for bandwidth, flexibility and reliability has led to the 

proposal and implementation of new network architectures. Due to its potential 

advantages, optical networks have been considered in situations where there is need 

of high bandwidth and low latency communication. Among many proposals, IP-

centric control plane within WDM  optical networks is a widely considered solution 

for dynamic provisioning/restoration of lightpaths [1]. 

Several initiatives to build WDM backbones are under development [2-3]. Passive 

Optical Network (PON), next generation SONET/SDH generic framing procedure 

(GFP) and Ethernet Resilient Packet Ring (RPR) are helping further streamline 

vertical "data optical integration". Given this evolution, there is a growing need for 

testbed development in order to provide much-needed "proved-in" value [4].  

The physical layer of optical networks is composed of photonic devices, which are 

rather expensive. Thus, the high costs of the implementation of this kind of network 



difficult the research in this field. A possible way to overcome this problem is the 

development of simulation scenarios, tools and techniques. This simulations, 

however, requires a careful design and study as to achieve a realistic scenario, where 

details of the planes and their elements are well represented. 

In this paper we describe the design and implementation of a transparent IP/WDM 

Optical Network Testbed. The implemented testbed (designated hereon as LabCom 

testbed) considers the control plane and the management plane in a centralized model. 

For the management plane the development of a friendly and intuitive web-based O-

UNI (Optical – User Network Interface) is presented. Our system provides the 

network manager with management and security mechanisms. The network is 

presented in picture 1. 

Picture 1. Complete model of this work  

2   Network’s architecture 

2.1   Physical Environment 

We show our built scenario in picture 2. In this proposed architecture, the transport 

network is formed by five nodes. Each node is connected in one Ethernet switch by a 

VLAN connection, forming five VLAN connections. The control plane and 

management functions are implemented in a personal computer (PC), forming a 

centralized network architecture. 



 

Picture 2.  Network’s Physic architecture 

The logical topology is established by VLANs. Each VLAN corresponds to an 

optical node link (OXC) of the transport plane. The sixth link connects the transport 

plane to the control plane. This ensures the isolation of the broadcast domains and 

also, it limits the transmission rate for each VLAN. We realized tests with ports 

working at a rate of 1 Mbps. 

Each optical node is simulated by a IBM PC PIII with 128 MB of RAM, processor 

of 700 MHz  and  a 10/100 Mbps  Ethernet network card connected to a switch. The 

computer which executes the control and management system is a  HP PIV 1.8 GHz 

with 256 MB of RAM and a 10/100 Mbps Ethernet network card connected to a 

switch. 

2.2 Management Plane 

The management plane works based on fail management. The management plane 

consists of the network configuration program, the performance monitoring, the log of 

changes and the access security system. The System Management Application Entity 

(SMAE) is separated in two parts. Those parts are implemented by different processes 

(in the application layer), situated at the management unit and at the agent unit [5]. 

Thus, we have a centralized management process. The management objects (OXCs. 

Amplifiers and Transponders) register their parameters in their own information 

management base that will be distributed among the managing entity and the agent in 

each optical element. The information which corresponds to the physical elements 

read status is transmitted in the XML format. 

 

Optical User Network Interface (O-UNI Web). The routes can be requested 

graphically by means of the UNI-Web interface. Therefore, the computer hosting the 

management functionalities in our LabCom Testbed can be accessed by HTTP. The 

proposed UNI-Web based interface [6] facilitates the interaction of the user with the 

transport network, allowing an efficient and friendly operation. Another functionality 



of our graphical interface is to make the auditing process completely transparent to 

the network manager.   

UNI-Web can create or eliminate optical links, get information on the network and 

nodes state, of ports and switches, as well as visualizing the occupation of the 

wavelengths in each fiber. It can also provide the network manager with information 

on which requests were not taken care of and other administrative information. He 

can also audit the users and executed commands, among others functionalities. Picture 

3 shows the screen of the UNI-Web. 

The graphic environment was developed in web model using Java Server Pages – 

JSP technology. In this interface, the user is authenticated by means of a password.  

The system monitors users actions through auditing mechanisms made in a relational 

model and implemented in PostgreSQL V8.1.2. 

 

 

Picture 3. Screen of the UNI-Web 

2.3   Control Plane 

The control plane, as explained before, was implemented in a centralized fashion. Its 

main function is to reroute failed connections in the event of data plane failures [7]. 

We defined a UNI interface as an overlay model. The interaction between the 

transport and control plane follows the client/server model.  

For security reasons and reliability, the control system permits only one TCP/IP 

connection with the management system. 
The communication between the control system and the agents implemented in the 

optical devices occurs over UDP/IP connections, since in our application the error 

rates will be negligible. This system is implemented based in three threads, each one 

with the following functions: a) to connect to the management system and implement 

the business rules; b) to manage the network link stability by means of implementing 

a Hello protocol; and c) to communicate with various nodes compounding the 

physical network as to manage actions such as sets, gets e traps operations. 

The controlling is performed in the following logical order: a) initially the 

network’s file configuration is read, it describes the physical topology and specifies 

the physical links between the optical devices; b) the file topology content is parsed, 



in order to evidence errors; c) the shortest paths between network elements are 

computed by using Dijkstra algorithm; d) alternative and disjoint paths are computed. 

Those paths are then made ready to substitute the original paths in case of link faults; 

e) the controlling mechanism (working in standby) is then ready to receive the 

lightpath allocation and deletion requests. 

The whole control system was developed in C++ KDE environment on Linux 

system operational - Fedora. 

2.4   Transport Plane 

The physical layer elements were simulated using a graphic environment in Java. We 

implemented three devices: the optical cross-connects (OXCs), the amplifiers and the 

transponders. Each optical node is composed by: an OXC capably to commute eight 

lambdas from ITU grid, eight transponders to adapt the signal wavelength to the ones 

used in the network and eight amplifiers. Specific optical nodes can be simpler than 

the structure we just described, i.e. it need not contain a transponder.  

The optical components are object-oriented modeled, with classes that implement 

the functions of each element of the optical node. A graphic application of the model 

was developed in a way that allows a faithful reproduction of the functions of the 

optical elements and the visualization of system actions that follows.  

The Picture 4a shows an optical node with the received lightpaths configuration 

(RX), from the control plane, and the operation status (TX). Other actions, such as 

fault simulations and configuration parameters of the amplifiers, transponders and 

OXC can be simulated. The picture 4b presents a simulated failure. 

Picture 4. a) Show screen of an optical node b) Fault simulated in the Testbed 

Our controls system is composed of three basic protocols. One implements and 

creates optical pathways, the second manages the links, and the third activates an 

alternative route in case of fault (protection route). Picture 5 represents the basic 

structure of the physical site simulation. 



 

Picture 5. The basic structure of the physical site simulation 

Each physical element can simulate the following functions: on/off, optical ports 

read, alarm to power fault at in/out optical; 

Faults are introduced in the system by using a graphical interface which activates 

the control system by sending a trap message. Specific actions are then launched by 

the control system. 

2.5   Develop environment  

We used the Linux Fedora Release 2.0 distribution as our operational system,. The 

relational data base used was the PostgreSQL V8.1.2, and Apache Tomcat 4.1 was 

also used as our web server. 

We used the environment KDE 3.5.2 with compiler GCC 3.4.6 and for the 

development of the functions of high performance. For Java programming it was used 

the eclipse-SDK-3.1.2-linux and J2SE 1.4.2_10 SDK environment.  

To collect the network’s information, monitoring of various package and filters, 

related with the protocol IP, it was used the Ethereal version 0.9.14 environment. 

3 Testbed working 

3.1 Topology Discovery 

The topology discovery is realized in a hybrid form. The management system sends a 

message Hello for its managed network nodes (the IP addresses of those nodes were 

obtained by using DHCP) so as to discover the active elements. The management 

system repeatedly sends hello messages each 30 (thirty) seconds to confirm the link 

stability of each element in the network.  

In case three consecutive hello messages are not acknowledged by a node, a fault is 

assigned to it. This event is informed to the manager by a graphic interface. 

Besides the detections of actives elements, the system has a configuration file, 

produced by the network’s manager, which has the whole physical topology. When 

the activity of each optical element is detected, the system is assured that the network 

has no fault and that ligthpaths can be securely implemented.  



3.2 Lightpaths Creation 

To create a lightpath, a client, through the web interfaces, make a lightpath creation 

request to the management system. The management system analyzes the syntax of 

the solicitation and activates the control system, if the request is correct. Otherwise, it 

answers to the client informing a problem with the solicitation. 

After a lightpath creating request, the control system uses the Routing and 

Wavelength Assignment - RWA algorithmi, based in Dijsktra, to create a lightpath 

using the First-Fit strategy to allocate a wavelength. 

After it has the complete knowledge about the lightpath, the control system sends a 

message to each node, which belongs to the path, telling the node to switch its optical 

key with its respective wavelength. Then after the switching is proceeded the node 

responds to the control system. The control system consider the path as operational 

when it receives a right answer from all nodes in the path. 

After that, the control system sends a message SETPORT to each node, which will 

answer with a SETPORTOK or a SETPORNOK message. 

The message SETPORTOK sets a lightpath as active, to the control system. A 

SETPORTNOK answer makes the control system reject the realized request and make 

all keys to turn to the original states. 

3.3   Lightpaths deletion 

For this operation, the management system asks the lightpath deletion to the control 

system, which, by its turn, identifies the requested path, its wavelength and respective 

nodes. So, the system control tells each optical cross connect to switch the optical 

keys for the original states by sending an UNSETPORT message. 

After each switching, the node responds to the system control. The system control 

marks the lightpaths as deleted when all nodes respond with an UNSETPORTOK 

message. 

The UNSETPORTOK message corresponds to turning the lightpath inactive and 

the UNSETPORTNOK message makes the control system disrespect the performed 

request and reset the keys to the original states. 

3.4   Status read 

A read status contains the following information: 

1. All network’s nodes; 

2. All IP addresses of the  network’s nodes; 

3. The keys status of the OXCs; 

4. All the activity lightpaths; 

5. Basic information of each network device (OXCs, amplifiers and transponders). 

This information’s are transmitted on XML format for web interface. 



3.5   Errors information’s - traps 

Each activity element (OXC, amplifier or transponder) can perform fault simulations, 

by using traps. The following problems can be simulated: 

1. on/off; 

2. read errors on optical ports; 

3. power fault on in/out optical ports; 

4 Tests results 

We performed our tests with the help of a program which belongs to the management 

system. This program executes a random choice of the source and target nodes. Then, 

the system controls make the best choice for the lightpath (path and lambda) to be 

used. 

On the tests, we made thirty random requests and the network saturated, on 

average, with twenty eight requests. 

The Table 1 presents the results of the requests made to the management system. 

On the first column we have the number of request, on the second column the time in 

milliseconds to attend de request, on the third the number of nodes that belong to the 

lightpath and, in the last column, the complete lightpath (with node number, lambda, 

in/out optical port on each OXC). 

Table 1 – Lightpaths requests assisted by the system 

1 235 2  5->4 - SERVICE@1* 5(3/2)+4(2/3) 

2 319 2  3->4 - SERVICE@2* 3(3/1)+4(1/3) 

3 304 3  3->4 - SERVICE@3* 3(3/0)+2(1/2)+4(0/3) 

4 304 4  3->2 - SERVICE@1* 3(3/2)+5(1/0)+1(1/0)+2(0/3) 

5 240 2  5->3 - SERVICE@2* 5(3/1)+3(2/3) 

6 257 2  2->1 - SERVICE@2* 2(3/0)+1(0/3) 

7 364 3  2->5 - SERVICE@1* 2(3/2)+4(0/2)+5(2/3) 

8 247 2  4->3 - SERVICE@1* 4(3/1)+3(1/3) 

9 304 3  1->3 - SERVICE@3* 1(3/1)+5(0/1)+3(2/3) 

10 295 3  4->3 - SERVICE@4* 4(3/0)+2(2/1)+3(0/3) 

11 351 3  3->5 - SERVICE@4* 3(3/1)+4(1/2)+5(2/3) 

12 370 3  5->2 - SERVICE@3* 5(3/2)+4(2/0)+2(2/3) 

13 275 2  1->5 - SERVICE@2* 1(3/1)+5(0/3) 

14 286 3  3->2 - SERVICE@5* 3(3/1)+4(1/0)+2(2/3) 

15 307 3  4->5 - SERVICE@3* 4(3/1)+3(1/2)+5(1/3) 

16 297 3  5->3 - SERVICE@5* 5(3/2)+4(2/1)+3(1/3) 

17 426 4  3->5 - SERVICE@6* 3(3/0)+2(1/0)+1(0/1)+5(0/3) 

18 435 4  1->5 - SERVICE@5* 1(3/0)+2(0/2)+4(0/2)+5(2/3) 

19 344 3  4->3 - SERVICE@6* 4(3/2)+5(2/1)+3(2/3) 



20 448 4  5->4 - SERVICE@4* 5(3/0)+1(1/0)+2(0/2)+4(0/3) 

21 269 4  5->4 - SERVICE@6* 5(3/0)+1(1/0)+2(0/2)+4(0/3) 

22 260 4  1->5 - SERVICE@7* 1(3/0)+2(0/1)+3(0/2)+5(1/3) 

23 194 3  1->4 - SERVICE@8* 1(3/1)+5(0/2)+4(2/3) 

26 434 3  5->4 - SERVICE@7* 5(3/1)+3(2/1)+4(1/3) 

28 306 4  3->1 - SERVICE@8* 3(3/1)+4(1/2)+5(2/0)+1(1/3) 

30 476 2  4->2 - SERVICE@2* 4(3/0)+2(2/3) 

 

In this specific test, with thirty random requests, twenty six were attended and four 

were denied due to network saturation. Then, we observe the need of an intelligent 

system for wavelength allocation. However, this problem is beyond the scope of this 

work. 

The mean time for attending one request was 321 ms and the average number of 

hops was three. 

The Table 2 presents the all packets used for attending the requests (twenty six). 

On this data we can view that the protocol consumed thirty percent of the whole 

traffic on the network.  

Table 2 - Total of packets captured at the test 

Total packets captured on the network 207 

Total UDP packets 78 

Total UDP packets  to node 1 11 

Total UDP packets  to node 2 13 

Total UDP packets  to node 3 16 

Total UDP packets  to node 4 19 

Total UDP packets  to node 5 19 

 

The Picture 6 presents a graphic with the results of this test. 
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Picture 6 Lightpaths requests results. 



5   Conclusions 

This work presented the design and implementation of an optical transparent 

IP/WDM network testbed. Our testbed improves the security and malleability of the 

characterization of the transport, control and management planes of an optical 

network. We also developed a graphic user network interface for the 

client/management relation in our optical network. The transport plane model was 

implemented to represent transponders, amplifiers and OXCs. These are connected to 

the control and management planes through UDP/IP protocols using XML for 

supporting the information base. The control plane provides routing and protection in 

the event of data plane failures. The management plane has a functional structure 

based on fail management, on the network configuration program, on performance 

monitoring, on audit of changes and on the access security system. We obtained 

lightpaths creation, deletion and failure recovery in 352,79 ms, on average, in our 

testbed which has an IP based data link. Our testbed has high security control and 

simple modeling using XML for the exchange of information. Because we used the 

UDP protocol, our solution possesses high performance and an intelligent provision 

of optical resources. 
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