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Abstract 
It is highly important to design a cost effective topology of the ATM network that will support the 
long term forecast of broadband services. A conceptual approach towards such a design is 
presented in the paper, which includes the basic topological model and its major parameters. 
Emphasis is given to the development of a cost model of an A TM network. The costing 
methodology and assumptions are covered, followed by a discussion of findings and sensitivity 
analysis. The conclusions are that the cost of the switch access transport and cloud is relatively 
minor, as compared to the cost of the switching equipment and the special access lines. Another 
conclusion emphasizes the need for usage based tariffs. 

Keywords 
ATM network, topology design, cost modeling 

1 INTRODUCTION 

It is expected that the ATM network will be a major transport mechanism in the future for 
broadband services, carrying data, video and voice. However, at the current stage the actual traffic 
requirement is uncertain. Moreover, the design of the ATM functionality is driven by two 
competing and sometime contradicting players: the telecommunication industry and the data 
networking/ computer industry [Decina, 1995], where a third player, the entertainment industry, 
demands its share. To make things even more complicated, there are certain legal restrictions, at 
least in the U.S, that divide responsibility for local telecommunications service and long distance 
carriers among different players. The result of all of these constraints is a limited effort in network 
planning, concentrating mainly on local optimization and ignoring the big picture. Moreover, the 
designers emphasize maximizing the switch performance by incorporating sophisticated screening 
techniques and introduction of access control. Thus, conflicting interests among the parties 
involved in implementing A TM networks preclude the focused cooperation necessary to develop 
the most cost efficient network designs. 

A topological design of the ATM network should consider the traffic requirements for 
integrated data, video and voice. In this respect the design is not merely an "ARPANET revisited" 
but rather should consider the diverse requirements in terms of high bandwidth and real time 
requirements of the network and its applications. Moreover, a correct design of an ATM network 
topology should consider the new degree of freedom in the dimensioning of the ATM network: a 
number of logical subnetworks can exist on top of the physical architecture, sharing the same 
physical transmission and switching capacities [Fargo, 1995]. The design of the topology should 
also consider the requirement for different quality of service levels (QOS) for various services . 
Most network architects consider the topology design problem so complex and in such a state of 
flux, that they simply ignore the issue. 
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The paper is organized as follows. First the conceptual topological model and its major 
parameters are presented. The rest of the paper makes use of a cost modeling example, based on a 
typical carrier network. We present the methodology of building a cost model of an A TM network 
and its assumptions. There follows the design of the cost model and a discussion of our findings. 
We conclude with a discussion about our future work on this subject. 

2 THE CONCEPTUAL MODEL 

Conceptually, the network is divided into backbone and local access parts. The first step in the 
design of an ATM network is the design of the backbone topology. This takes into account current 
and future traffic demands, availability of fiber connectivity, and the cost/tariff. This design 
problem is very complex, since some of the factors are not known at the time of the design (e.g. 
traffic demands for new network.) [Gerla, 1989; Minoux, 1989]. 

Generally, the design problem is characterized as: 
Given: Location of the end users computing systems 

Traffic matrix 
Cost matrix 

Performance constraints: Reliability/QOS 
Delay/Throughput 

Variables: Topology 
Line capacities 
Flow assignment 

Goal: Minimize cost 
Allow Growth 

The approach used to design the ARPANET [Tanenbaum, 1981] was to generate a starting 
network topology and let it obey the connectivity and the delay constraints, by assigning to it flow 
and capacity. The cost of this network is then minimized by a set of perturbation heuristics. The 
backbone network topology was modeled by a directed graph G= (N,L), where N is the set of 
nodes and Lis a set of links [Alavi, 1985]. The network graph is assumed to be strongly 
connected, i.e. each node is connected by a directed path to any other node [Chlamtac, 1993]. 
However, the connectivity problem to be solved in the design of ATM topology is different from 
the generic model. One difference is that we do not have directed links in the simplest sense, but 
rather SO NET rings, where the direction of flow can be changed if the fiber link is cut. Another 
change relates to the hierarchical solution of the local access problem. The trend in A TM network 
planning can lead to three tiers of WAN switches (core, backbone, access) and four tiers of local 
switches (campus backbone, power workgroup, mainstream workgroup, remote site) [McQuillan, 
1995]. The mix among these tiers should be designed appropriately for minimized cost at certain 
level of reliability and efficiency. The traffic profiles for the various services should also be 
evaluated to establish an end to end traffic model. Topology design should also consider the 
growth requirements and the deployment strategy. 

3 ATM NETWORK ARCHITECTURE FOR THE COST MODEL 

The architecture of the A TM service network is shown in Figure 1. Subscribers connect through an 
access network to a backbone of interconnected (but not necessarily fully meshed) A TM switches. 
The access network consists of dedicated circuits between the subscriber and the backbone 
switches through a fiber network. The customer 
premises equipment (CPE) has an optical interface for a fiber pair. The special access line between 
the CDL (Customer Designated Location) and the SWC (Serving Wire Center) is a dedicated fiber 
pair, regardless of the access bandwidth (DS3 or OC3). From the SWC the subscriber circuit is 
backhauled over interoffice transport to the nearest CO containing an ATM switch. ATM switches 
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are trunked together with OC3 circuits (OC12 or OC48 in the future), making use of the fiber 
distribution system. Interoffice transport is typically provided by multiplexed OC48 or OC12 
SONET links. 

Access Network ATM Backbone 

Figure 1 A TM Network Architecture. 

4 ASSUMPTIONS 

The following assumptions are made in the development of the cost model . 
Only DS3 and OC3 access rates are treated. 
The ratio of DS3 to OC3 subscribers is assumed to be 3:2. 
Traffic assumptions 

Access Network 

50% of all ATM traffic is local (in and out of the same switch). 50% is 
nonlocal (travels between ATM switches, evenly distributed). 
The peak period average line utilization for an ATM port is 25%. 

The only CPE included in cost calculations is a customer premises fiber panel. 
Amortization 

The assumed lifetime for transport related a~.sets (e.g. fiber, SONET) is 10 years. 
The assumed lifetime for switching assets (e.g. ATM) is 5 years. 

Transport 
No extra equipment is necessary for transport to and between switches. 
All fiber optic cable (FOC) is assumed to be buried. 
The percentage of rocksaw FOC installation is 50% 
All interoffice trunks are OC48s over SONET rings. 
Interswitch trunking (between ATM switches) is casted as multiples of OC3, 
even though it is provisioned by higher bandwidth circuits. 

Figures for average utilization, average local traffic and average nonlocal traffic are suggested by 
experience with similar packet technologies such as X.25, IP and SNA. Experience to date with 
ATM is insufficient to confirm their plausibility. 

5 COSTING METHODOLOGY 

The cost of providing a service is divided into two categories: a nonrecurring cost (NRC) and 
monthly recurring costs (MRCs). A NRC is viewed as the cost of setting up the service and is 
recovered by a one time charge at the time of subscription. A MRC is seen as the monthly cost of 
ongoing provision of the service and is recovered by corresponding monthly charges. The present 
model is concerned only with the calculation of MRCs. 
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5.1 Monthly Recurring Costs 
The total cost of an asset may be viewed as the sum of all of the costs associated with that asset 
over time. These costs include the actual purchase price, engineering, installation, maintenance, 
administration, etc. In calculating the true cost of an asset, one must take into account the fact that a 
dollar spent in the future is "cheaper" than a dollar spent today, because the former can be invested 
until it has to be spent. Therefore, in calculating the present value (PV) of a dollar spent in the 
future, that dollar is discounted by the rate of return, r , that it may be expected to earn before the 
future arrives. Thus, the PVof an asset, A, with an associated flow of future costs Co, CJ, C2, ... 
Cn in years 0 (now), 1, 2, 3 ... n, respectively, is 

PV(A) ~· C, 
= ""'=o (1 + r)' 

A service provider can recover the value of a capital asset through a stream of equal monthly 
charges over the useful life of the asset. The monthly recurring cost (MRC) of that asset is defined 
as the monthly charge that will make the present value of this stream exactly equal to the present 
value of the future stream of costs associated with the asset. 

In this study the MRC has been calculated by straightline amortization of all direct cost outlays 
(capital cost, installation and engineering) loaded by a factor of 100% for overhead (administrative 
cost, taxes, etc.) The portion of the base cost that must be recovered every month (the Monthly 
Amortization Factor) for transport and switching assets is given by: 

2 
MAFtranspon = 10 X 12 = 1.667% 

2 
MAF switching= 5 x 12 = 3.333% 

5.2 Cost Elements 
The cost of providing ATM service for one subscriber may be decomposed into the following: 

Special Access Line (SAL) cost- a dedicated DS3 line or an OC3c line between the 
subscriber's premises and the serving wire center (SWC) 
CO cost, comprised of two components: 

switch cost- the per user cost of the switch exclusive of ports 
switch port - the per user cost of the interface modules and equipment. 

Transport cost 
switch access facilities - the cost of transport from the SWC to the ATM switch 
cloud transport facilities - the cost of transport among A TM switches 

5.2.1 SAL Costs 

The cost of providing DS3 and OC3c access lines is taken as that of providing these services to the 
SWC. DS3 and OC3c access are not generally tariffed services. Therefore, the cost of these SALs 
has been calculated using fiber optic cost models. 

The cost of a special access line is decomposed into three components: 
CPE - the fiber patch panel at the CDL 
Fiber- the prorated cost of installing a cable (FOC) from the CDL to the SWC. 
CO costs -the cost of a fiber patch panel and fiber termination at the SWC. 

Assuming that a 12 fiber FOC is used to connect the CDL to the SWC, the portion of the fiber 
cost due to the SAL consisting of one fiber pair plus two spares is (2+2)112 = 113. Thus, the cost 
of a SAL is given by 

C 2 C C cfibu 
SAL= e FOP+ FT+--

3 
where CFoP is the cost of fiber optic panel 
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Crr is the cost of the fiber terminal for the service (DS3 or OC3) 
C fiber is the cost of the installed FOC, given by: 

Cfiber(d) = d • FOC12 

where dis the length in miles and 
FOC12 is the installed cost per mile of a FOC with 12 fibers. 
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FOC12 includes the cost of material, installation, and engineering, all loaded by an OSP (outside 
plant) support factor. The installed cost per mile depends not only on the number of fibers in the 
cable, but also on: whether the cable is aerial, buried, or underground; the portion of the cable for 
which rocksaw installation is necessary; and the labor rates for the market in which the FOC is 
installed. 

5.2.2 CO Costs 

The switch port costs are decomposed into the following components. 
The prorated cost of the switch equipment itself (i.e. the cost of the switch divided by the 
number of subscribers). This includes the switch (with backplane, power supply), 
redundant parts, spare parts, software, engineering, installation maintenance and network 
management costs. 
The prorated cost of the ATM interface modules themselves. This is calculated by dividing 
the cost of a module by the number of user ports it provides. 

Per user access line termination costs are included in the SAL costs. 

5.2.3 Interoffice Circuit Costs 

The ATM transport costs (switch access and cloud transport) are based on interoffice circuits. 
Interoffice circuit costs are calculated based on multiplexed OC48 service on 12 fiber FOC over 
SONET rings. The cost of an interoffice DS3 or OC3 circuit is decomposed into three parts: 

Fiber- the prorated cost of installed cable (FOC) from one CO to another CO. 
CO costs - the prorated cost of CO equipment for a SONET interoffice OC48 circuit 

two fiber patch panels plus one fiber patch panel for each intermediate CO (one 
through which the fiber passes passively) 
fiber termination- a SONET OC48 add/drop multiplexer (ADM) 

regeneration - if the distance between SO NET ADMs exceeds 25 miles. 
As above, the OC48 circuit uses a fiber pair plus two spares, so the portion of the OSP fiber 

cost due to the OC48 is (2+2)/12 = 1/3. The portions of the OC48 cost due to a DS3 or OC3 
circuit multiplexed over it are 

1 
fmux(DS3,0C48) =-

48 

f mux(OC3,0C48) = _!_ 
16 

Thus, the cost Cc"' (d) of an interoffice circuit of length dis given by: 

_ ( Cfibe,(d) ) cckJ(d)- (2 + p)• CFOP + fmux. CADM +--3-+ cregen(d) 

where p is the number of passthrough COs 
C FOP is the cost of fiber optic panel 
CADM is the cost ofthe SONET ADM 
Cfibe,(d) is the cost of an installed FOC oflength d 

cregen (d) is the cost of regenerators over distanced 
As in section 5.2.1, the cost of the installed FOC is given by 

C1w.,(d) = d • FOC12 

(1) 
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5.2.4 ATM Switch Access Transport Costs 

A switch access (SWC to ATM switch) circuit is dedicated to a single user. That is, if there are n 
DS3 ATM subscribers connected to an SWC, n DS3 circuits to the switch site are needed. 
Therefore, the per user cost of switch access transport cost is given by applying the formula in 

equation (1) of the previous section to the weighted average access distance JA. JA was assumed 
to be 5 miles. 

If per CO forecasts were available, the weighted average access distance could be calculated as 
follows. The distance (in "air miles") is calculated between every SWC and the ATM office to 
which it is homed (the CO where the corresponding ATM switch resides). Then each distance is 
weighted by the fraction of all ATM demand for the associated CO. That is, the weighted distance 

d;for the ith office is calculated as: 

A d •F 
d.=-'--' 

1 
Dtotal 

where di is the distance in miles 
Fi is the traffic forecast for the ith office 
D,o<al is the total network demand (the sum of all subscribers' access rates) 

The average switch access transport facility length, JA, is calculated as the sum of the weighted 
distances. 

- - "" all co, A 
dA- ,L_,; di 

5.2.5 A TM Cloud Transport Costs 

Unlike switch access transport, cloud transport (interswitch trunking) is shared by all users and can 
thus be sized to take advantage of the efficiencies of statistical multiplexing all traffic flows. In 
particular the requirement for interswitch bandwidth is mitigated by the average peak utilization of 
subscriber access lines (25%) and further by the fraction of traffic that is nonlocal (50%.) 
Furthermore, the cost of cloud transport should be multiplied by the average number of hops a cell 
traverses from the switch it enters to the switch it leaves. In the market area studied the network 
diameter (the maximum number of hops in the shortest path between any two nodes) is small, 
typically one or two. For purposes of this model the average path length for nonlocal traffic in 
hops, h, is approximated as follows: 

h(n)=j ~ ]::;::~ 
~-t.~1 Lh.mn(s,,s) forn;:::3 

t=I J:F-t 

where h.run (a, b) is the minimum number of hops between switch a and switch b. 
n is the number of nodes (ATM switches) in the network. 

For networks of more than 2 nodes the nonlocal traffic is assumed to be evenly distributed. 
Finally, since every traffic flow is counted twice (once on the sending end and once on the 

receiving end), a factor of lf2 must be introduced to compensate for double counting. The total 
required volume V for inters witch trunking is therefore: 

V = fu • fnl • h • Drora/ 

2 
(2) 

where fu is the subscriber utilization factor (average peak utilization) 
fni is the cloud utilization factor (average percentage of nonlocal traffic). 

The number of OC3 interswitch trunks required for a network of n switches is : 
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(I v l J T=Max n 
155Mbps ' 

(3) 

assuming that at a minimum the switches are connected in a ring. The total cost Cc of cloud 
transport is then: 

T 

Cc = I,cckr(d;) 
i=l 

where di is the length of the ith trunk 
If D,.,., is expressed as: 

D10101 = 45 • D0 s3 + 155 • D0 c3 

where D0s3 is the total number of DS3 subscribers, and 
D0 C3 is the total number of OC3 subscribers 
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then the average portions; t os3 and t0 c3 , of the cloud transport cost per DS3 and OC3 subscriber, 
respectively, are: 

45•D0 s3 1 45 
tDS3 = •--=--

Dtotal DDS3 Dtotal 

155 
tac3 =-D,.,., 

The average cloud cost per DS3 subscriber is thus t0 s3 • Cc and the average per OC3 subscriber is 

taC3 • Cc· 

6 FINDINGS 

This section describes how the per subscriber cost of providing ATM service varies with the 
following key factors: number of users, network configuration and vendor equipment. 

6.1 Cost Components 
The cost breakdown for ATM service is shown in Table 1 based on a typical configuration (see 
Fig. 2.) It was assumed that all switch ports were utilized. 

Special Access Lines 
For a given subscriber and rate, the only variation possible in the SAL is the number of fibers in 
the fiber optical cable (FOC) between the subscriber site and the SWC. The SAL requires 4 fibers 
(a pair plus two spares). The cost of these 4 fibers is prorated according to the cost of the FOC and 
the number of fibers it contains. Because the only factor in this cost is the fiber itself, and 4 fibers 
are required regardless of the SAL's bandwidth, the absolute cost of DS3 and OC3c SALs is 
virtually identical. 

Switch Port 
The cost of a switch port for a given service rate depends on the cost of the switch product and the 
number of subscriber ports per switch. Interswitch trunk ports are subtracted from the total 
number of switch ports to arrive at the number of switch ports available for subscribers. 

In general, the number of subscribers per switch depends in tum on the total number of users 
vs. the number of switches deployed. 

Table 1 Relative Sizes of A TM Service Cost Components. 

Cost Component varies with %of Cost 

DS3 OC3 
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SAL 

Switch port 

FOC size 

number of users 
topology 
vendor 

Switch access transpdrlpology 
interswitch 

Cloud transport 

D Backbone 
switch 

0 Edge switch 

OC3c Link 

service 

topology 
technology 

44% 

47% 

7% 

2% 

29% 

52% 

15% 

4% 

Figure 2 Typical A TM Network Configuration. 

Switch Access Transport 
This is the cost of backhaul, that is, of data transport for a subscriber from his SWC to the ATM 
switch to which that CO is homed. To provide DS3 access the ATM cloud, he must have, in 
addition to a DS3 SAL to his SWC, a dedicated DS3 circuit from the his SWC to the CO where 
the ATM switch is. This uses a fraction ofthe interswitch service (e.g. lf48 of an OC48 interoffice 
circuit) and its cost is prorated accordingly. 

Cloud Transport 
This is the cost of data transport between ATM switches. Because ATM statistically multiplexes 
user traffic, this cost is mitigated by the subscriber utilization factor and the cloud utilization factor 
as explained above. Assuming that the subscriber utilization factor is 25% and the cloud utilization 
factor is 50%, then on the average the interswitch transport requirement is only 6.25% (one half of 
0.25 • 0.5) of the total subscriber access capacity (see equation 2). 

Reducing Transport Cost 
If the cost of bandwidth/mile from the SWC to the ATM switch is the same as (or greater than) the 
cost of bandwidth/mile between ATM switches, then locating the ATM switches closer to the 
subscribers can reduce the transport cost by: 

shortening the path that local traffic has to take and 
shortening the dedicated part of intersubscriber paths and sending more traffic over 
interswitch links (which take advantage of fractional utilization) 

However, if moving the ATM switches closer to the subscribers leads to more switch sites, the 
following factors will contribute to increased transport cost: 
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greater total interswitch transport miles 
an increase in the percentage of traffic that is nonlocal 

Additional Factors 
The exact values of the following parameters have been approximated: 

average peak percentage of traffic that is nonlocal traffic 
average peak percentage utilization of a subscriber port 
average path length (in hops) 

These factors are beyond the control of the network operator. 

6.2 Cost Variation with Equipment Vendor 
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Equipment of two ATM switch vendors is used in the model. The relative capacities for the basic 
ATM switch configurations are shown in Table 2. 

Table 2 Relative switch capacities. 

bandwidth 

I/0 slots 

maximum DS3 ports 

maximum OC3c ports 

Switch A 

4.95 Gbps 

16 

64 

32 

SwitchB 

2.48 Gbps 

16 

16 

16 

Each switch has enough bandwidth to support a full population of OC3 interface. Switch B, 
supports one interface per module and one module per slot, regardless of interface bandwidth. 
Every pair of slots in Switch A may be used to provide either 4 OC3c or 8 DS3 interfaces. 

The relative installed first costs of the two vendors' switching equipment was compared in two 
ways. First, the cost of comparably equipped switch configurations was calculated for each vendor. 
Second, the cost of a equivalent 3 city networks was calculated. The ratio between the costs of 
switch A and switch B were: 1.18 per DS3 port, 1.53 per OC3 port and 1.21 per city. (Note: these 
figures do not include the cost of transport.) 

The cost of Switch A OC3 ports does not compare as favorably as that of DS3 ports because 
the former cannot be populated as densely as the latter on Switch A. 

6.3 Cost Variation with Number of Subscribers 

The actual cost of proving ATM service in a given area will depend on subscriber demand. Figure 
3 illustrates how the per subscriber monthly cost of DS3 ATM services varies with the number of 
subscribers for the 4 node network configuration. The cost figures shown do not include transport 
cost components. (The transport costs are basically constant regardless of the number of 
subscribers.) 

Notice that as it becomes necessary to install multiple Switch B's at each site, the average per 
subscriber cost rises slightly because some subscriber ports must be sacrificed to provide 
intercommunication among switches in a site cluster. The Switch A cost per subscriber continues 
to improve when a cabinet must be added to a switch because an extra cabinets is less expensive 
than a new switch. 

Figure 4 shows cost as a function of the number of subscribers for OC3 A TM service in the 
same 4 node network configuration. 

6.4 Cost Variation with Peak Utilization 

An ATM network is built to accommodate the traffic load of the peak hour. By definition the total 
traffic load T max during the peak hour is expected to be 
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T max = f. • D,.,., 
where f. is the subscriber utilization factor (average peak utilization). 

D,.,.1 is the total network demand (the sum of all subscribers' access rates). 
For the calculations of this example the subscriber utilization is assumed to be 25%. As this factor 
increases, extra interswitch trunking must be added to handle the peak load and extra trunking ports 
must be added to the switches. The result will be increased cost per subscriber. Likewise, if the 
subscriber utilization factor is smaller than 25%, the per subscriber costs will go down. (Note that 
the cost variation derives entirely from increased nonlocal traffic; the ATM switches are all 
designed to handle 100% utilization.) 

Figure 5 shows the variation of the per subscriber cost of OC3 service with the subscriber 
utilization factor. This analysis uses the 4 node network configuration with two cabinets of Switch 
A at each site. Unlike Figures 3 and 4 all transport costs are included. 
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Figure 3 Switch Cost of DS3 ATM Service vs. Number of Subscribers. 
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Figure 4 Monthly Switch Cost of OC3 A TM Service vs. Number of Subscribers. 
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Figure 5 Monthly Cost of OC3 ATM Service vs. Average Peak Utilization. 

7 CONCLUSIONS 

The significant findings of the cost modeling example are as follows. 
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The dominant factors in the cost of providing ATM service are the cost of the SAL and the 
cost of the switching equipment. 

The per subscriber cost of the switch itself varies significantly with the number of 
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subscribers. Underutilized switches are very expensive. 
The costs of the SAL and the switch ports are invariant with the number of subscribers. 

• The costs for switch access transport and cloud (interswitch) transport are relatively minor. 
Per subscriber costs vary considerably with average peak utilization, indicating that flat rate 
ATM tariffs are not equitable to all subscribers. Cost recovery schemes should take into 
account a subscriber's offered traffic load and charge accordingly. 
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