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$EEUHYLDWLRQV�DQG�DFURQ\PV�
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’HILQLWLRQV�
  

Network A communication infrastructure comprising nodes interconnected by links.  

Metro 
network 

The metro part of the network is a part that is between the traditional core 
(backbone) and the traditional access network. Similar to the core network it is a 
transport network carrying aggregate traffic streams, but is characterised by much 
shorter distances than the core, typically of a few tens of kilometres. 

Core 
network 

By core networks we mean transport networks carrying aggregate traffic streams. 
Core networks are characterised by long distances of few hundred kilometres. 
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��� ,QWURGXFWLRQ�
The objective of this deliverable 4 of the NGPN (Next Generation Photonic Networks) activity 
within the IST NGNI (Next Generation Networks Initiative) project is to describe a number of 
viable topologies and architectures along with migration paths that pave the road towards future 
networks.  � 

����� 5HSRUW�RYHUYLHZ�
The report is one in a series of deliverables from the NGPN sub-activity of NGNI.  

This report contains the following chapters: 

• Topologies 

• Architectures 

• Network layering 

• Planning and deployment 

• Assessment and roadmaps 

• Conclusions and summary 
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��� 6FRSH�DQG�REMHFWLYHV�
The objective of the NGNi NGPN activity is to describe and compare the different possible 
solutions and/or identified development paths for the core part (including �metro�, see Figure 1) 
of the next generation communication networks. The evaluation should cover all networking 
aspects (architecture, transport and control protocols, management) including the enabling basic 
technologies.  

NGPN looks at the infrastructure and complements the access network activity of NGNi by 
studying emerging core and metro networking solutions and enabling technologies. Similarly to 
the other NGNi activities NGPN uses existing results from EU funded (IST) research projects 
and information from other sources publicly available. In particular, it builds on the results of the 
IST OPTIMIST project, but also adds a more system-oriented approach and will investigate the 
interaction and technology transfer between the different network domains, access, metro and 
core. 

This report emphasises the topologies and architectures of future networks and attempts to set up 
a roadmap based on the benchmark criteria outlined in the deliverable D1 [D1] 

 

Core
network Metro network

 

Figure 1: Use of different topologies in various parts of the networks 

����� 5HTXLUHPHQWV�WR�IXWXUH�QHWZRUNV�
Before getting into the technical details it might be beneficial to look at some overall 
requirements to the networks of the future. It is hard to set up realistic, general requirements to 
future networks, because who knows how they will evolve? This report has no intent to act like a 
crystal ball, predicting the future. However, exactly this unpredictability gives rise to one 
requirement: flexibility.  New networks must be flexible so that they can migrate to a state, which 
fulfils whatever requirements future needs might impose on them.  
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Figure 2: Network evolution 

The figure above (Figure 2) depicts the general evolution of networks. Presently, we have the 
network split into three domains: core, metro and access. This separation or subdivision of 
networks might not pertain � as illustrated (moving either upwards or downwards in the figure), 
the size of the domains might shrink or grow and the functionality as well as the names might 
change completely. Hence the generic terms domain 1, domain 2 and domain 3 in the figure. The 
migration in those three domains might not happen at the same pace, but interoperability with 
legacy domains must be assured. Additionally, the whole story, subdivision into domains, 
functionality, migration path and speed is not necessarily identical for the various planes in the 
network. Depending on application, e.g., the control plane might evolve differently from the 
management plane. Again, however, interoperability with legacy networks and flexibility (which 
can be seen as interoperability with future networks) must be assured.  

Active networks are an example of networks designed to satisfy all future (yet unknown) 
demands for network services. Active networks will be treated in further details later on in this 
report.  

The figure shows a number of planes. The two transport network planes illustrate two different 
transport technologies (e.g., protocols or physical bit transport methodologies). The figure should 
not be understood in the way that exactly two different transport technologies are always 
required, rather in the way that different technologies (could also be more than two) can coexist 
within the network.  
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The figure can be repeated for the control and management part of the network as well, 
illustrating that the technologies and structures not necessarily have to be the same for the user, 
control and management plane, respectively.   

Requirements 

• Capacity 

• Transparency (signal format, protocols independence) 

• Traffic engineering capabilities (including support for mobility) 

• End-to-end control / QoS support 

�
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��� 0HWKRGRORJ\�
This section defines the methodology and the approach we will follow in order to achieve the 
goal of defining the road towards future networks, focusing on the topologies and architectures.  

This document is strongly linked to other deliverables generated within the NGNI. This 
dependency will be clarified in the sections below. 

����� &RPSOHWH�OLVW�RI�GHOLYHUDEOHV�DQG�WKHLU�PXWXDO�
GHSHQGHQFLHV���

D1 Benchmark measures and area definition 

D2 Top down report 

D3 Technology roadmap 

D4 Architecture and topology roadmap 

D5 Protocol roadmap 

D6 Final report: summaries and conclusions 

The relationship between the various deliverables is depicted in Figure 3 As can be seen the 
technical details has been split into three deliverables covering technologies, topologies and 
protocols, respectively. It is, however, not possible to completely separate the treatment of 
networks into three fully disjoint sets. Therefore for a complete coverage, all three deliverables 
should be studied. 
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Figure 3: Overview of the deliverables generated within the NGPN sub activity 

����� 7HFKQRORJ\�DQG�SURWRFRO�GHSHQGHQF\�
There is a clear mutual dependency between the technology, developed for the network�s 
transmission links and the nodes and the network architectures. Similarly there is a strong 
interaction between the protocols and the architectures. Please, refer to the deliverables D3 [D3] 
and D5 [D5] for a more thorough treatment of technologies and protocols, respectively.  

����� %HQFKPDUN�DQG�DVVHVVPHQW�FULWHULD�
This report relies on the benchmark criteria set up in the deliverable D1. The criteria listed in the 
table below are a subset of the full benchmark criteria set listed in deliverable D1 [D1] 

Criteria for the assessment of the topologies and architectures  
Benchmarking criteria Derived criteria for architectural 

assessment 

Scalability  

Cost and cost structure  

Interoperability  

Reliability, availability, robustness and 
survivability 

 

Flexibility and transparency   
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��� 1HWZRUN�WRSRORJLHV�
A key characteristic feature of networks is their topology, very much determining their 
properties and potential. The network nodes are interconnected by links, and the exact number of 
links relative to the number of nodes defines the topology.  Topologies thus determine the 
connectivity of a network; more links per node yields a better connectivity. There are five basic 
topologies: ring, star, tree, mesh and bus. They can be mixed and interconnected in various ways, 
thus forming more complex structures. 

One should always distinguish between the physical and logical topology of a network. The 
physical infrastructure � the nodes� geographical location and the cable routes interconnecting 
the nodes � determines the physical topology. The logical topology consisting of node pair 
interconnections overlaid on the physical topology can be significantly different than the 
physical topology. For example it is easy to realise a logical star topology over a WDM physical 
ring infrastructure. 

This chapter firstly presents a brief overview of the basic networks topologies. Secondly 
topology taxonomy, outlining and categorising the all network topologies is presented. Flat, 
composite topologies and layered, hierarchical topologies are then treated, and finally the chapter 
concludes with a number of examples. 

����� %DVLF�QHWZRUN�VWUXFWXUHV�
A brief description of the basic topologies, ring, mesh, star, bus and tree is provided below. See 
Figure 4 for a graphical representation of the topologies. 

5LQJ�
Ring is the simplest topology that supports protection, because in a ring network there is always 
two disjoint physical paths between any two nodes. 

The ring topology is very much used in real networks, because of the advantages it offers and its 
relative simplicity. 

0HVK�
In the fully meshed topology, each node has a direct connection to all other nodes in the network. 
Hence, in terms of robustness, the mesh topology is as good as it gets. On the other hand the 
amount of links in the network is proportional to the number of nodes squared and adding a node 
to the network requires separate connections to all other nodes to be established, which becomes 
unrealistic/not feasible in real networks at fairly low node counts, already. 
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Mesh networks are not necessarily fully meshed. In real life mesh networks not all nodes are 
directly connected to all other nodes; nevertheless they have a higher degree of connectivity than 
in a ring network, i.e., there is more than two disjoint physical path between any two nodes on 
average. 

6WDU�
The star topology consists of a central node, which has a connection to all other nodes in the 
network. Hence all traffic must pass through the central node, which requires it to have very high 
capacity. Moreover the central node is a single point of failure. However, this topology is very 
much in use (for e.g., LANs) because of its simplicity and ease of expandability.  

%XV�
The bus is a shared medium topology in which all nodes share a single link. This makes this 
topology vulnerable to cable failures. Moreover elaborate multiple access schemes are required 
to handle the nodes� access to the shared medium.   

7UHH�
The tree is an ideal topology for distribution networks. It is a relatively cheap and easily 
upgradeable topology. In optical networks the branching can be realised by inexpensive passive 
splitters. This topology is a likely candidate for optical access networks. 

 

Figure 4: The basic topologies, star, tree, bus, mesh and ring 

Bus, star and tree topologies do not have sufficient connectivity and thus resilience properties to 
make them suitable to be applied at the higher levels of the network – only the ring and mesh 
topologies bear relevance to our study focusing on the core and metro networks.  




