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ABSTRACT 

Over the past three decades, advances in 
technology have produced changes in the nature 
and structure of telecommunications. These, in 
turn, have raised questions about the 
suitability of the regulated monopoly 
environment as the best means of assuring growth 
in telecommunication services and effectiveness. 

In the United States in particular, steps have 
been taken to establish a competitive 
environment. For the traffic engineer this has 
led to a very different traffic environment, 
requiring changes in traffic engineering 
practices and increasing the involvement of the 
traffic engineer in marketing and tariff making 
activities. Some examples are given of the 
challenging new traffic problems that are being 
encountered as the environment changes. 

1 • INTRODUCTION 

Over the past two decades, technology has 
transformed telecommunications in ways affecting 
not only the nature of services and equipment 
but also the legal and political environment. 
Nowhere have these changes been as profound as 
in the United States. CA readable account for 
background is "Telephone" by John Brooks).[1] 
The direct effects of technology on traffic can 
be easily traced by reviewing the papers 
presented over the years to the ITC. The 
indirect effects which are moving 
telecommunications out of the regulated monopoly 
environment into a competitive environment have 
had less attention. These are the subject of 
this paper. 

Traffic challenges, as they arise in the 
changing environment of the United States today, 
will be examined from three points of view, the 
interexchange carrier, IEC, the local exchange 
carrier, LEC, and the private network user. As 
will be seen in each of these areas, many of the 
assumptions previously underlying traffic 
engineering practices must be reexamined and new 
skills must be acquired. 

6.2-2-1 

Two comments are in order to get this · paper in 
perspective. First, one of the products of a' 
competitive environment is a reluctance to share 
special knowledge with competitors. Traffic 
engineering, when well done, can give a 
competitive edge. A slow-down in information 
flow may be one of the first noticeable effects 
of competition on traffic engineering. It has 
also made this paper more difficult to prepare. 
Second, the status of competition in the United 
States is still volatile. The changes set in 
motion by the divestiture of the Bell System are 
not yet completed. Consequently, the future 
telecommunications environment will almost 
certainly be different from today's. 

2. THE UNITED STATES "'NETWORK"' 

The introduction of competition into the ' United 
States telecommunications environment has 
transformed a single telephone network into a 
group of networks interconnecting local offices 
that are operated by still-regulated, local 
exchange carriers. The latter provide a 
monopoly service, although inroads are being 
made by competition even here. In addition, 
separate networks serving non-telephone traffic 
are losing their functional differences and 
merging with telephony into telecommunications 
networks. 

The Bell System, which was the predominant 
United States Carrier, is now di~ided into eight 
separate and independent companles. Seven of 
these are the owners of two or more operating 
companies, BOC's, which provide local service to 
former Bell System customers. The area served 
by each BOC is divided into LATAs, Local Access 
and Transport Areas. A LATA is intended to 
include a community of interest and may be a 
w~ol7 state or a large metropolitan area. 
Wlthln one or more LATAs a BOC provides 
regulated monopoly service. The position of the 
"independent" or non-Bell operating companies is 
n~t as severely limited, but here too the local 
part of their business remains a regulated 
~onopoly. In this capacity, both BOCs and 
lndependents will be referred to as Local 
Exchange Carriers, LEC~. 
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The eighth company remalnlng after AT&T 
divestiture retained the name -AT&T, and , as one 
of its functions, kept the business of 
interexchange carrier, IEC. This function has 
been expanded to cover not only the interstate 
carrier function, forme r ly filled by t he Long 
Lines Department of AT&T of the Bell System, but 
also a newly defined class of interexchange 
traffic, that of inte r -LATA, intra-state 
traffic. 

More details about the inter-relationships of 
these new networks will be brought out in the 
following paragraphs. 

3. INTEREXCHANGE CARRIER TRAFFIC ENGINEERING 

3.1 Forecasting 

Of all the changes brought about by competition, 
one of the most challenging t o the traffic 
engineer is the higher volatility of demand that 
anyone IEC will encounter. The most 
signif icant contributing cause is the customer's 
capabi lity t o choose which carrier to use on any 
cal l . While some cus t omers will tend to 
maintain a consistent traffic pattern, some will 
change often. For example, customers with large 
traff i c demands may use computing facilities to 
contro l traffic to take advantage of the most 
favorable parts of each IEC/s offerings . As a 
result, traffic offered to a particula r IEC is 
likely to shift quickly in ' response to 
compet i tive rate changes and new ~ervice 

offerings. The result of this higher 
uncerta inty must be either a lowe r ing of serVlce 
object ives or a ra i s i ng of capital requirements 
for eac r. IEC. 

The wo r k reported by Fr anks et al.[2 ] or[3 ] and 
Co co et al. [ 4] descr ibes a way of balancing the 
service and cost factor s in choosing t he bes t 
engineering course to follow. Figure 1. is based 
on the curves given in thes e papers. The 
ordinate is traffic capacity, which is related 
to investment; the abscissa is service, which i s 
expressed in terms of entities not meeting 
service objectives. The curve relating the two 
can be found for a fixed degree of uncertainty 
for the difference between forecast loads and 
actual loads. 

As shown in Figure 1, the operating curve moves 
to a higher level as t he uncertainty of load 
forecasts increases. (The higher the 
uncertainty, the more equipment must be 
purchased to retain a given grade of service.) 
While it is evident that uncertainty is higher 
in a competitive environment, finding the exact 
location of the new curve will take time and a 
more stable environment than now exists. 
Meanwhile, estimates of new competitive services 
must include an element of chance which 
recognizes moves that might be made by 
competitors. Tariff plans that attract new 
business or redistribute traffic loads must also 
include consideration of moves by competito r s. 
Also, the large and sophisticated users may well 
exploit such changes in ways that might not have 
been obvious to the lEe in the planning days. 

3.2 Grade of Service 

Not only are forecasts more uncertain but 
objective grade of service must also be 
reexamined. A call lost due to network blocking 
may be placed over another carrier/s network, so 
the revenue penalty is higher. In fact, the 
penalty may be much higher than loss of a single 
call. It may be a lost account because the 
customer may change choice of preferred IEC in 
reaction to unsatisfactory service quality. The 
modern traffic engineer may well need to take a 
look at service with new, complex considerations 
given to hourly and daily variations. 
Consideration may -also be extended to the kind 
of customer involved. The large business 
customer with large access trunk groups is much 
more sensitive to carrier blocking than the 
single line customer. Customized grade of 
service is a traffic challenge in both theory 
and measurement. 
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3.3 Network 

The biggest changes in traffic engineering come 
at the interface between the networks of the IEC 
and LEC. Figure 2 is a skeleton illustration of 
such an interface. Here, two IECs are shown 
with connections to two exchanges in two LATAs. 
Many options are available beyond those shown. 
It should be remembered, however, the LEC is 
prohibited by law from carrying traffic between 
two LATAs - even when it serves local traffic in 
both. lnterexchange carrier A is shown with 
direct trunks (through ' a non-switched facility 
point-of-presence, POP) to one of the exchanges 
in LATA 1 as well as with trunks to the access 
tandem for LATA 1. All "equal access" ~xchanges 
in the LATA can be reached through the access 
tandem. lnterexchange carrier B is shown to 
have a POP in adjacent LATA 2. A great variety 
of configurations of internal trunking and 
switching within the IECs is seen to be 
possible. Since the economies and restrictions 
are different from those governing former trunk 
engineering and administration, the traffic 
engineer is faced with revising all engineering 
practices. 

~ EXCHANGE CARRIER 

c:=J INTEREXCHANGE CARRIER 

FIGURE 2 
INTERFACES BETWEEN EXCHANGE CARRIERS 

AND INTEREXCHANGE CARRIERS 

Provisioning' of access trunks ' is made , more 
complicated for both LEC and IEC because of the 
need for coordination between independent 
companies. A further complication arises fro~ 
the kinds of tariffs that apply here. 
Regulators have perceived that the LECs would 
have problems if requests ftom IECs for access 
trunks were not controlled. Tariffs serve this 
purpose by requiring that the LECs charge the 
IECs for trunk additions and disconnects~ for 
cancellation of orde~s, or for persistent 
overloading of access · trunks by an IEC. 

For regular use of the LEC LATA network, the IEC 
must pay an access charge per trunk, and, much 
more significantly, a charge must be paid per 
minute-of-use received from or sent to the LEC. 
The charge per minute is dependent on distance 
but i~ independent of traffic loads. There is, 
therefore, little financial incentive on the 
part of 'the IEC to route traffic so that the LEC 
may achieve trunk efficiency by large traffic 
volumes. At this point in an IEC/s network, 
therefore, it is the tariff, rather than the 
actual LEC cost, which must be taken into 
account by the IEC in planning location of 
points of presence and planning choice of use of 
IEC trunks or LEC trunks. Of course, without 
knowledge of the IEC's plans, the LEC cannot 
respond as quickly to requests for network 
rearrangements by the IEC. Allowance is 
necessary for additional time lag in realizing 
trunk rearrangements. 

Complications like these arise from restrictions 
which were imposed to protect the interface 
between regulated and unregulated carriers and 
to smooth the way for new competitors. The 
traffic engineer must keep a sharp lookout for 
these and other legal and tariff hurdles (or 
opportunities) that are quite different from 
those existing in a completely regulated 
environment. Perhaps a course in law should be 
added to the traffic engineering curriculum. 

Finally, the traffic engineer may expect to find 
wider changes in traffic peakedness because of 
the choices available to customers. 

3.4 Switching System Traffic Engineering 

The problems brought up in the previous section 
have parallels in switching system traffic 
engineering. Switching system location and 
system capacity with complex routings (including 
new signaling procedures) are a couple of 
examples. In addition, carriers seek 
competitive advantage in variety and kind of 
services. Such things as large bandwidth, 
packet switching, and customer call control 
place large demands on switching system traffic 
capacity. New challenges come at an 
accelerating rate. 

3.5 International Traffic 

I~ternational telephone service, up to now, has 
been the responsibility of a single carrier 
within .each country. From the United States, 
for non-telephone communications, several 
"record" carriers have provided international 
data and text communications services. With 
deregulation this separation of function between 
record and telephone has become less distinct. 
In addition, new interexchange carriers are 
entering the international telecommunications 
arena. 

6.2-2-3 
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Traffic network design becomes more complex. 
The route of a call from the United States may 
involve one carrier for the within-country part, 
and another carrier for the international part. 
Since international telephone competition is in 
its early stages, it is not at all clear what 
the ultimate challenges to t he traffic engineer 
are go ing to be. It is c lear, however , that the 
involvement of additional carrie r s in series on 
a cal l raises traffic issues of grade of 
service , such as blocking and completion delay, 
as well as of routing and network management. 

If other countries follow , the trends of the 
United States, the problems can become very 
complicated indeed wi th a call ,traversing an 
LEC, a domestic IEC, an international IEC, a 
domestic IEC, and an LEC. Such a labyrinth is 
certainly technically achievable today; the 
challenge to the traffic engineer in each 
carrier is to ma inta in servi ce and effi c iency. 
If the engineer needs more work, the addit ion of 
international transit from one carrier to 
another wi ll provide it. One is tempted to 
'predict that traffic, operations, and revenue 
collection problems will be the restraining 
force against the increasing complexity that 
telecommunications technology can provide. 
Thes e problems wil l need to be studied in CCITT 
so that international standards can be adopted. 

3.6 Traffic Measurement 

With the LEC and lEe functions separated, the 
full set of traffic measurements from end-to-end 
is no longer available to the lEe. The traffic 
engineer is challenged to evaluate service from 
incomp l e te data and to furnish as meaningful 
information as possible to the forecasting 
process. 

4. EXCHANGE CARRIER TRAFFIC ENGINEERING 

The LEC, in particular a Bell Operating Company, 
is restricted to regulated telecommunications , 
within LATAs as described earlier. It is 
responsible for end-to-end 'service within t he 
LATA and for handling , traffic between end 
customers and the IECs. 

4.1 Forecasting 

The LEC enginee r enjoys a somewhat better 
position in forecasting than does his lEe 
counterpart because, first, a monopoly condition 
persists for intra-LATA traffic and, second, the 
local distribution part of inte r-LATA calls is 
only moderately affected by choice of inter
exchange carrier. 

Two trends indicate that this position may be 
temporary. First, several companies want to 
compete for intra-LATA service , and second, 
large-traffic customers may elect to send their 
inter-LATA traffic directly to an IEC. The 
amount of this latter diversion is related to 
the amount of access charge that the lEC pays to 
reach its end customers. Here as elsewhere, the 
relationship between tariffs and traffic volumes 
has few precedents in the regulated environment; 
new traffic models must be found. 

6.2-2-4 

4.2 Grade of Service 

To the extent that the LEC provides end-to-end 
service, many of the old grade of service 
criteria still apply. However the service given 
to ' the IECs in offering originating calls or 
completing terminating calls becomes a new 
subject for negotiation' and concern. Because 
the IECs have their own goals in serving their 
customers they may be willing to pay higher 
prices for better service or want to pay lower 
prices for poorer service. The whole subject of 
calling-with-priority may have to be revisited 
for local completion traffic. 

A further complication arises as a carrier feels 
that its traffic service data are proprietary. 
Ways must be found for making the measurements 
within a carrier/s network and not relying on 
results from interconnecting carriers. 

Adoption of standards appears to be one of the 
possible solutions to the dilemma. It is not 
clear at this time however, how such standards 
could be applied so that the public would 
benefit directly and not suffer later because of 
the stifling of competition among carriers. 

4.3 Network 

Planning of the LATA network is changed for the 
LEC traffic engineer by the volatility and new 
functions of points-of-presence. The lEes may 
change in location and traffic volume; plans 
must have built-in flexibility to accommodate 
these changes. As opposed to ,planning for 
intra-LATA network traffic, access network 
planning calls for a reactive mode. 

The biggest challenge in this area is to 
establish a network which will provide low 
access cost ' to the large traffic customers. 
Such low costs will allow pricing that keeps 
traffic on LEe facilities for delivery to IEC 
points of presence. Again, precedents do not 
exist for an easy solution. 

4.4 Switching Systems 

There should be little change in the engineering 
of a local switching system; however the tandem 
switching systems are entirely new both in ' the 
position they occupy in the network and in the 
kind of traffic they must handle. 

4.5 Traffic Measurement 

In the past much of the traffic measurement for 
interstate traffic was based on samples of 
measured calls taken from billing records. This 
kind of information is proprietary for an IEC 
and is likely to become less and less available 
as the LECs and IECs progress in their 
adjustments to competition. A plan of traffic 
measurement must be worked out for each carrier 
without reliance on any connecting carrier. 
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5. PRIVATE NETWORK TRAFFIC ENGINEERING 

An option open to every large customer is to 
design a private network. In doing this, 
portions of the IEC and LEC network, as well as 
parts of the services they offer, can be 
utilized. The private network engineer has more 
variables to consider. A PBX may well contain a 
computing facility for dynamic routing of 
traffic to take advantage of every private and 
public capability. What is' accomplished is 
limited more by the imagination of the engineer 
rather than the limitations of computing. As 
ISDN becomes a reality, the options are likely 
to grow; the traffic engineer must have the 
background to proposed profitable arrangements 
and facilities to help the customer exploit to 
the fullest the competitive moves made by the 
carriers. 

6. OTHER ASPECTS OF TRAFFIC ENGINEERING 

6.1 Operator Services 

In the Bell System divestiture, the operator 
forces were divided in two. The call handling 
group became part of the IEC and the number 
services group became part of the LECs. Since 
equipment and function are not so easily 
divided, rt has been necessary to arrange for 
selling service between the two types of 
carriers. A new traffic problem is evident here 
in devising ways of providing service to "a 
customer"s customer." 

6.2 Network Management 

The management of the aggregate of a number of 
interconnecting networks under overload is not 
only a complex traffic problem but a 
philosophical one as well. Can the proprietor 
of a thin IEC network rely on a robust IEC or on 
its connecting LECs to bail it out of a bad 
overload? A balance must be reached ' here 
between the economic realities and the need to 
protect the public in times of emergericy. 
Definition of "emergency" is the starting place 
for solving this problem. 

7. CONCLUSION 

In all of the preceding discussion, several 
themes have come u~ again and again as the 
different engineenng . viewpoints were 
considered. First, the uncertainty with wh~ch 
the traffic engineer must work increases . with 
competition. Second, the business moves of 
one"s own company as well as the possible moves 
of competitors must · be taken into account. 
Third, partial deregulation leaves the engineer 
with a complex number of factors that must be 
considered that do not exist. in a completely 
deregulated environment. Fourth, grade of 
service takes on a different meaning to the 
traffic engineer. 

Traffic . engineers are coping with all of these 
changes. They are no strangers to uncertainty 
or the handling of complex situations. There is 
more work to be done than ever and no end is yet 
in sight. 

6.2-2-5 
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