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Some important new ideas for telecommunication network architecture are presented in 
the initial part of this paper. It is suggested that the total architecture should be viewed 
as a collection of co-operating layers. Bandwidth Switching, which is a service likely to 
be provided in one of these layers, is described in general terms, and also a particular 
method of implementation in a Fast Packet Switching Network is discussed. Teletraffic 
Engineering problems which arise in the choice and refinement of network architectures 
are reviewed, and there is some discussion of network modelling techniques appropriate 
for studies of network architecture. 
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1 Introduction 

The advent of optical fibres, with huge capacity for a very modest cost (per unit capacity)[1,2,3,4], 
and recent developments in switch technology [4,5,6] , have caused telecommunication companies to 
consider radical new designs of networks[7]. At the same time, administrations realise that there is 
the potential to provide new services which make use of greater network intelligence and the greater 
available bandwidth, and industry is generally making much greater use of communication services 
other than telephony. These trends toward demand for a broader range of communication services 
reinforce the need for a radical re-think of the way we structure and design telecommunication 
networks. 

Simultaneously with this advance in the technology of communication, and in the range of services 
provided, a change in emphasis concerning quality of service is taking place. The objective of provid
ing high trafficability is now easier to attain and is less of an issue than it was when the quantity of 
transmission and switching capacity required by a network were major determinants in the total cost. 
On the other hand, reliability, survivability, versatility, and security of networks are now considered 
much more important by telecommunication subscribers, and administrations are now putting more 
emphasis on these factors when designing networks[8,9]. 

2 New Network Architectures 

A common practice in the description of the architecture of computer networks is to divide the 
network into a number of service layers. Each of these layers may be thought of as a network in its 
own right, which provides a well defined service to the layers above. In this way, the specification, 
development, testing, and management of the whole entity (which may be very complex) is broken 
into manageable portions. This approach to defining network architecture has been applied to the 
signalling networks associated with telecommunication services for quite some time now and is now 
.being applied to the information transfer aspect of telecommunication networks as well[lO,ll]. 

In this section, a division of information transfer in a telecommunication network into layers is 
suggested, and the Bandwidth Switching layer is discussed in more de~ail. A method of implementing 
Bandwidth Switching in a Fast Packet Switching network is then described. 
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Layer 6. Services, e.g. telephony. 

Layer 5. Call Switching. 

Layer 4. Bandwidth Switching. 

Layer 3. Service protection of point-t~point links. 

Layer 2. Performance monitoring of point-t~point transmission links. 

Layer 1. "Physical" transmission (point-t~point). 

Figure 1: A Layered Architecture for Information Transfer in Telecommunication Networks 

2.1 Layering of Networks 

It seems appropriate that each layer in such a structure should have a well defined role. Nevertheless, 
certain aspects of service quality are sometimes considered to be of such importance that they appear, 
in one way or another, in several layers. For example, error-rate monitoring and control is an 
important function in several layers of the OSI reference model for data communication (which is, in 
effect, an overall architecture for data networks). Error rate performance is not usually considered 
to be quite so crucial in the information transfer function of a multi-service telecommunication 
network because many of the services which will be carried on such a network will not require a 
very low error rate and the transmission systems which are available today have very good error 
performance anyway. A vailability of communication services (in the sense of reliability) is a quality 
of service parameter which is of great importance, however. Network availability will therefore be a 
consideration in the design of several of the layers in a layered architecture for telecommunication 
networks. 

Figure 1 illustrates a division of information transfer aspects of a multi-service telecommunication 
network into layers. This division into layers of service is only one of many which could be formulated. 
Certain layers could be amalgamated, others could be further subdivided. On the other hand, it 
isn't essential to have a final and perfect division into layers of service for the concept of layered 
architecture to be useful, because there is nothing to prevent certain layers being bypassed, or others 
being divided into sub-layers, where the situation warrants it. Some alternative formulations of a 
layered architecture for parts of a multi-service telecommunication network are described in [10,11). 

2.2 Bandwidth Switching 

Bandwidth Switching is an extension of a network routing concept known variously as Group Switch
ing [12), Dynamic Network Architecture[13), adaptive capacity allocation[14), IDF Switching, etc. 
These different terms all refer to a technique which allows flexible allocation and rearrangement of 
transmission capacity. The difference between Bandwidth Switching and these earlier concepts is 
primarily the generalisation of the principal to apply to Fast Packet Switching networks and the in
corporation of a fault recovery procedure which has the capacity to recover from faults in transmission 
equipment without disrupting current calls. A simple and inexpensive procedure for implementing 
Bandwidth Switching in a Fast Packet Switching network is described in the sequel. 

The main goals of Bandwidth Switching are: (i) to enable rapid reconfiguration of the network in 
response to changes in the pattern of traffic flows (ii) to enable easy reconfiguration of the network 
under conditions of failure or overload, (iii) to minimise network control activity and traffic, and 
(iv) to allow the capacity of fibre optic transmission systems to be divided into smaller, more usable 
bundles, and, as a result of all the above, to pass on the low cost of transmission in optical fibres to 
users. 
Figure 2 shows how Bandwidth Switching works. The local switches here might be telephone ex
changes, or packet switching nodes, or some other sort of service-specific switching node. Switch A 
in Figure 2 behaves as if it has a direct route to switch B. But the medium through which these 
two switches communicate is actually a sequence of logical channels passing through high capacity 
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Figure 2: Bandwidth Switching 

Local 
Switch B 

transmission systems linked together by means of Bandwidth Switches. This connection of the two 
local switches is therefore referred to as a virtual direct route. The one physical transmission system 
indicated here which links the local switch on the left to the Bandwidth Switch will probably contain 
a large number of logical channels which form the first link of virtual direct routes to a great number 
of different locations. These are indicated in Figure 2 by the lines which lead away from switch A. 

Bandwidth Switching may be implemented by means of multiplexing and demultiplexing equipment, 
together with physical interconnection of transmission streams. This method is not cheap, it is 
inflexible, and it requires human intervention every time an alteration is made. 

A more attractive approach to implementing Bandwidth Switching is afforded by the use of High 
Speed Digital Cross Connects based on Time Division Multiplexing (TDM). These should provide an 
economical and effective means for implementing large Bandwidth Switches in the core network. As 
well, there is confidence that in the near future, add/drop multiplexors which are cheap, flexible and 
remotely controllable will be available. Developments of new devices of these kinds are closely linked 
to a new standard for the Synchronous Digital Communication Hierarchy which is currently being 
considered by the CCITT, internationally, and the Tl committee of the Exchange Carrier Standards 
Association, in the U.S[3,11]. 

2.3 Fast Packet Switching 

In the next two sections we discuss an implementation of Bandwidth Switching in a Fast Packet 
Switching network. In this approach, the basic switching equipment can perform the functions of 
both Layer 4 (Bandwidth Switching) and Layer 5 (Call Switching) which is one of the advantages of 
a pure Fast Packet approach. The Bandwidth Switching service is, in effect, built into the addressing 
logic of the network rather than being provided by separate switching hardware. 

Figure 3 illustrates an example of a packet in a Fast Packet Switching network with a Bandwidth 
Switching layer. The first two bytes of the address indicate the Bandwidth Switching logical channel 
on which the packet is to pass. When a packet passes through a Bandwidth Switch, such as illustrated 
in Figure 2, only these first two bytes need to be consulted. The other byte in the address is 
not consulted, and not altered. More importantly, the equipment which carries out the address 
translation function at a Bandwidth Switch does not need to receive information on a call-by-call 
basis. Its translation tables will only need to alter if traffic patterns change, or there is an equipment 
failure to cope with. 

Figure 4 provides an example of how a call might be aet up. In the majority of cases, there will 
be a virtual direct route to the destination, but if this is not the case, the call can be routed via a 
transit exchange in the normal way. Assuming a virtual direct route exists, a check will be made to 
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BS Call other Call 
address address overhead payload 

2 bytes 1 byte 1 byte 56 bytes 

(Example only) 

Figure 3: Format of a Packet in an ATM Network 
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Figure 4: Example Call Setup in a Fast Packet Switching Network 

see whether sufficient capacity is allocated to this route for the call to proceed. IT not, a request for 
more capacity on this route is made to a central network management entity. IT the network is not 
overloaded, this request will normally be granted without excessive delay. IT the network management 
entity decides, for any reason, that the call should not be accepted then it will be blocked at the 
originating exchange. 

The type of traffic being carried on the network, whether it has short or long holding times, and 
what transmission capacity is required by each call, will have a big impact on the degree to which 
sharing of capacity is possible and the approach to network management which is used. This is true 
whichever technology is adopted, although Fast Packet Switching appears to be at an advantage in 
that it facilitates capacity sharing without a significant penalty of additional control traffic load. 

2.4 Reconfiguration 

One of the functions a Bandwidth Switching layer should carry out is to facilitate network reconfig
uration. The appropriate form of reconfiguration will depend on the reason for reconfiguring. 

IT traffic levels change significantly, or if call control equipment fails so that traffic must be re-routed 
to maintain service, it will probably be necessary to change the nominal capacities of virtual direct 
routes (c.f. [12]). This process may be viewed as a request from the call switching layer network 
management entity to the Bandwidth Switching layer. 

Now let us consider the response of the network to a failure in a transmission system, in multiplexing 
equipment, in protection switching equipment, or in fact in any item of equipment which forms part 
of the layers below the call switching layer. Protection switching to a standby transmission systems 
will facilitate recovery in some cases. In others, reconfiguration in the Bandwidth Switching layer 
will be required in order to sustain the virtual direct routes which the call switching layer is currently 
using. IT capacity exists to provide these routes, it may be possible to carry out this reconfiguration 
without disturbance to calls, and without any involvement of the call switching layer. 

Figure 5 illustrates a procedure for reconfiguring in the Bandwidth Switching layer in the ev.ent of 
a failure in a transmission system. When a failure occurs in the normal route, the routing tables in 
the Bandwidth Switching Link Control Units a and b are updated so that all packets which use 
the virtual direct route between A and B take the alternative route. This reconfiguration can take 
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Figure 5: Reconfiguration in the Bandwidth Switching Layer 

place without any involvement from or disturbance to the Call Switching layer of the network - it is 
conceivable, in fact, that this alternative route could be pre-set so that the decision to use this route 
could be made by the Bandwidth Switching Link Control Units a and b themselves. This would 
ensure the maximum speed of recovery, but could lead to unacceptably rapid changes of traffic on 
some links after the occurrence of faults. In the event of a failure which reduces the total amount 
of network equipment to a level where no reconfiguration will allow all traffic to be handled, it will 
definitely be necessary for the Network Management entity of the Call Switching layer to intervene 
in the reconfiguration process, and allocate the limited resources to the competing demands on the 
network. 

2.5 Other Technical Alternatives 

In the previous sections we have concentrated on an integrated network based on Fast Packet Switch
ing. In reality, future networks will be an amalgam of different technologies, from different stages in 
the evolution of the industry, and, even leaving aside the impact of the history of telecommunica
tions on the current network, there may be good reasons for using a variety of technologies in the one 
network. One could have a Fast-Packet Bandwidth Switching layer serving a TDM Call-Switching 
network, or conversely, a TDM Bandwidth Switching layer serving a Fast-Packet Call-Switching net
work. It is also quite feasible that the total architecture should include two Bandwidth Switching 
layers - one implemented as part of the Fast Packet Switching network layer, and another (higher 
bit-rate) service implemented by means of TDM based switching equipment. 

There are two important advantages of the approach to implementing a Bandwidth Switching layer 
in a Fast Packet Switching network which has been described in §2.3, however. The first is that the 
Bandwidth Switching layer is obtained at little or no extra cost over that of the essential switching 
hardware which would be required in any such network. The second advantage follows from the 
fact that the reconfiguration facility has been incorporated in the Bandwidth Switching layer, which 
under normal operation is able to provide a Virtual Direct Route between almost all pairs of Call 
Switching exchanges. It follows that there is likely to be considerable diversity of available paths. 
Because of this, the level of redundancy which needs to be established in the network to achieve high 
end-to-end availability should be quite modest. 

3 Teletraffic Engineering Problems 

3.1 Choice of Network Architecture and Structure 

One of the most pressing and difficult decisions facing telecommunication administrations at the 
moment is the choice between different network architectures and structures. Here are some of the 
issues needing resolution: Should a layered architecture, such as in Figure 1 be adopted, and if so, 
how literally should it be taken? How many layers should there be in such an architecture? For 
example, is it necessary to have a Service Protection layer if a reconfiguration facility exists in the 
Bandwidth Switching layer? Is it appropriate to have two Bandwidth Switching layers (one Fast 
Packet Switching and one TDM)? A:re large central call and network control sites preferable, or is 
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it appropriate to have distributed control of the network? Is there a philosophy of fault tolerant 
routing which will allow the whole network to achieve greater reliability at minimal cost? How can 
we evolve network structure to cater for increasing popularity of broadband services? Is there an 
important role for traffic concentrators in access networks? Is there an appropriate overall structure 
for Network Management which complements the sort of network architectures which have been 
proposed? Tentative answers to these questions are emerging, and being debated around the world 
at the moment. 

3.2 Traffic Management 

Bandwidth Switching allows link capacities to be reallocated in response to faults, peak traffics, or 
variations in traffic patterns. This can be used in combination with routing control and flow control 
to get the best possible performance from a network at all times. 

Signals - such as requests for more capacity on virtual direct routes - will be passed from the Call 
Switching Layer to a Network Management entity which must balance competing demands on the 
finite resources available. Network Management will be required in both the Call Switching Layer 
(acceptance or rejection of calls), and in the Bandwidth Switching Layer (allocation of capacities to 
virtual direct routes and selection of appropriate routes for them). Figure 4 illustrates part of the 
call handling function in the Call Switching Layer using this approach to traffic management. 

3.3 Planning 

A procedure for planning a multi-layer network, as applied in a particular case, is described in [15]. 
In simple overview, each layer of the network can be considered in turn without distinguishing the 
details of the lower layers. 

Forecasts of demand will refer to the various Service layers in isolation. These will need to be 
brought together for the dimensioning of the Call Switching layer. Because Bandwidth Switching 
allows capacities to be reallocated, a new reference traffic will be needed to characterise the total 
traffic, taking into account noncoincidence of the peak periods for different services and different 
traffic streams. The Quality of Service standard should include trafficability (under conditions of 
varying and imprecisely forecast traffics) and availability. Node and link capacities must be adequate 
to meet the reference demand, with the total capacity being more crucial than individual capacities. 
Once the Call Switching layer has been dimensioned, the demand for the services of the Bandwidth 
Switching layer can be estimated, and it can be dimensioned. In principle, the process can be repeated 
for successively lower layers until all have been dealt with. 

4 Network Modelling Techniques 

One way to compare network architectures is to choose an example network and study its performance 
and cost under various assumptions[12]. Another approach is to use a network modelling technique 
which captures the salient features of the networks we are interested in without requiring unnecessary 
detail concerning traffic volumes and dispersions. One such technique, used in [15], is based on the 
following concept: 

..----

The dispersion distribution function of a Network is defined as follows: 

F(t) = The proportion of traffic in origin-destination streams of magnitude ~ t , t ~ o. 

It is possible in theory, and not unduly difficult in practice, to derive critical parameters of a network, 
such as the average number of links per call, and the average utilization of links, from the distribution, 
F, the total traffic offered to the network, and a few other relevant parameters describing the 
~etwork. For an example of this type of analysis, see [15]. This then allows us to compare different 
architectures and structures without resorting to the use of detailed examples which don't necessarily 
prove anything in the general case. 
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