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ABSTRACT 

This pap er de a la wit h se 1 e c t e d 
traffic engineering problems associated 
with the restructuring of the telephone 
industry in the United States resulting 
fr 0 m the set tIe men t 0 f the U. S • 
Department of Justice antitrust case 
ag a ins tAT & T. I t f 0 c use son the 
requirement that the local operating 
co m pan i e s pro v i d e a c c e s s t 0 

multi-interexchange carriers that is 
,"equal in type, quality and price," to that 
provided to AT&T. It provides an optimum 
cost equal access trunk provisioning plan 
based on high-usage alternate route 
techniques. 

BACKGROUND AND INTRODUCTION 

The settlement of the AT&T antitrust 
ca s e m ark san ewe r a in the U. S • 
telecommunications industry. Briefly, 
the settlement agreement divests AT&T of 
any ownership interests in the companies 
that provide local exchange service. The 
agreement breaks up the former, vertically 
-integrated Bell System that was largely 
owned by AT&T, 

into one company providing long distance 
service (AT&T) ,and twenty-t,wo local 
exchange companies (LECs) providing local 
service (known as the Bell ' Operating 
Companies, or BOCs). The BOCs each serve 
a separate region of the country, whereas 
AT&T competes with several companies to 
provide long distance service to customers 
throughout the country. Because of the 
importance of the divestiture ' as an 
hi s tor ice v e n tin g lob a 1 
telecommunications, I thought it would be 

* The '\[iews expressed in this paper are 
those of the author and do not necesarily 
re f le c t the vie w s 0 f the Fed era 1 
Communicat ions Commission. 
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appropriate to record in the pages of the 
proceedings of the Eleventh ITC, as an 
addendum to my paper, an overview of that 
agreement. It is known as the Modified 
Final Judgment OOJ). 

Local Access and Transport Area (LATA) 

In addition to divesting the LECs 
fr 0 m AT & T, the M F J call e d for the 
se par a t ion 0 f !,' e x c h a n g e" and 
:'interexchange ," te lecommunications 
functions. This partitioning was 
accomplished by dividing the country into 
about 200 exchange areas, called LATAs 
(Local Access and Transport Areas). The 
LECs are responsible for the transport 
of traffic between customers within the 
LATA (intra-LATA), while the Interexchange 
Carriers (ICs) are responsible for the 
transport of traffic between LATAs 
(inter-LATA). The LECs are also 
re s p 0 n sib 1 e for the t ran s p 0 r t 0 f 
inter-LATA traffic from the customers to 
the ICs at an IC's point-of-presence (Pop) 
within the LATA. 

LATAs were designed according to 
guidelines contained in the MFJ. They 
we r e for m u 1 ate don the con c e pto f 
demographic areas which have common 
social, economic and other interests. 
Most states contain several LATAs but 
sparsely populated states consist of a 
single LATA. One of the largest LATAs, for 
example, is the New York metropolitan 
LATA. It inclu'des ' over 300 end offices 
serving over six million subscribers' 
lines and is served by four National Plan 

.: Area (NPA) codes. 

LATA networks are generally 2-level 
hi era r chi c a I net w 0 r k s w h i c h are 
independent sub-sections of the 5-level 
North American Network. The end offices 
are the lower level and the access 
tandem(s) are the higher level. The 
access tandem (AT) concentrates the 
originating traffic and distributes the 
terminating traffic for a number of end 
offices in an area. In large LATAs where 
~re than one AT is required, the LATA is 
divided into sectors and each sector is 
served by a sector tandem. Figure 1 
illustrates the trunking arrangement in a 
LATA with double tandems. The backbone 
final route chain (shown by double lines) 
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fig. 1 Illwotrating 2 - Level Riararc:hic:al 
l\.Outing in a LATA with two Ac:c:a .. Tandeas. 

c~n&ists " o£ thre'e "final ~b,lilk ' groups;' two 
interconnecting the end offices with their 
home access tandem(s) and one group 
in t e r con n e c tin g the two tan d ems • 
Hi g h - usa g e ( H U) t run k g r 0 ups wit h 
alternate routing to the finals 
interconnect the end offices with each 
other and with the tandem other than their 
ho met and em. I nth ere s t r u c t u red 
networks, the ICs connecting trunks may 
consist of direct (high-usage) trunks 
(shown by dotted lines) terminating at the 
end offices and/or tandem trunks (shown by 
solid lines) terminating at the tandems. 

~'The MFJ called also for providing 
equal dialing parity to all ,interexchange 
carriers. This has been accomplish~d by 
updating the generic program in large end 
offi'ces of the electronic type to route 
toll calls dialed with the prefix ,"l," or 
"0" to a part icular interexchange carrier 
based on the customer's presubscription to 
that carrier. Equal dialing parity was 
therefore provided ~ithout the need to 
revise the National ·Plan Area (NPA) code. 
In addition to, pre~ubscribing, a customer 

' can route his cali to a particular carrier 
by dialing as-digit (lOXXX) carrier code. 
The generic also provides eIther features 
su c has the se par a t io n 0 f in t r a - and , 
inter-LATA traffic and rout ing of traffic 
to its de st inat ion at its origin. 

FORMULATION OF THE PROBLEM 

There are many problems which have 
become apparent since the divestiture. 
The most obvious concerns of the policy 
makers in the new environment have related 
to promoting competition and economic 
efficiency. These concerns, however, must 
be b a 1 a n c e d a g a ins t the t e ch n i c a 1 
realities of the network. At this stage, 
the efficiencies emanating from technical 
solutions involving the structure and 
functions of the network have received 
little attention. This paper, therefore 
will focus on such technical solutions ~ 
a network which is undergoing a tr~nsition 
from a monolithic structure with a single 
service provider to one geared towards 
several service providers. It is 
specifically directed toward the problem 
of access. that is the means by which the 
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fa~ilitie~ of competing interex~hange 
ca r r i e r s m a y bee f f i c i e n t I y 
interconnected with the networks of the 
LECs. 

In a compet1t1ve marketplace, it is 
expected that the demand handled by the 
new competing carriers will gradually 
increase, and that handled by the former 
service provider will gradua lly decrease 
at the s a mer ate. The de m and is 
dynamically controlled by the customer's 
assignment of the carrier either by prior 
presubscription or by dialing the 
carrier's access code. 

Distribution of the demand among the 
carriers is therefore unpredictable and 
th e for e cas t 0 f the a c c e s s t run k 
req uirements is consequent ly uncertain. 
Th is. ,c a n le ~ d ""' t''''o 'h e a v y un ne c e s sa r y 
expenditures by both the LECs and the ICs 
unless a plan is provided to reduce the 
cost penalty resulting from shifting the 
demand from one carrier to another. In 
the meantime, the former dominant carrier 
will be left with access trunk capacity 
in excess of its requirement at no extra 
cost to it because the access tariff is 
based on the ,~'minutes of use,". 

It is the specific intent of this 
paper to: 

(1) Develop an optimum trunking plan to 
prov ide to mult i-interexchange carriers 
acces s that is : 'equal in type, quality and 
pr ice: ' to that provided to AT&T without 
augmenting the quantities of toll 
connect ing trunks required in the former 
Be.!l network. 

(2) Provide the basis for an algorithm 
for dimensioning the carrier's direct and 
tandem access trunks based on equal cost 
pe r un it 0 f traffic and eq ua I grade-of 
service. 

The solution suggested by this paper 
is to segregate a common pool of access 
trunk capacity to be used by all carriers 
according to their share of the demand. 
This can be accomplished by converting the 
toll connecting trunk groups to alternate 
routin~. The former toll connecting trunk 
groups provid~d access for intercity 
c~ 11 s. The y w ere e n g in e ere d a s fu 11 
(non-alternate route) trunk groups. 

In this paper I am not claiming a 
nove 1 me t hod or theory for so lving this 
pr 0 b 1 em; rat her, I a m a d apt in g the 
alternate route , techniques to ' 
multiple-carrier operation. Those 
te c hniq ue s have be en promo t ed in this 
Congress and are widely used for the 
optimization of communication networks. 
Because the ,interest in this paper may 
extend beyond this Congress to' those who 
are not familia~, or do not have access 
to th?se, _te~~~n~ues, I will review in more 
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detail the relevant formulas 'for 'solving 
the problem at hand. 

In Section 1, the theories and 
formulas for sizing the trunk groups' using 
alternate route trunking are reviewed. 
Section 2 provides an algorithm for the ', 
implementation of an equal access plan 
that fully complies with the MFJ. 

1. THEORY OF ALTERNATE ROUTING 

, The principle of alternate routing is 
applied in c~mmunication networks by 
providing a first choice high-usage route 
and a second-choice alternate route when 
the ca 11 fa ils to find an id le trunk in 
the first route. The network optimization 
process involves an evaluation of the 
trade-offs between switching and 
transmission c;osts. Finding the proper 
ba la nee will le a d tot h e 1 e a s t - cos t 
network. 

Fig. 2 - Bade: Alternate aoute Triaugle. 

Alternate route engineering 
~etermines the optimal quantity of trunks 
l.n the HUg r 0 up t hat res u 1 t s in the 
least-cost network. The solution to this 
problem was first published by Truitt [1] 
and was further extended by many other 
aut~ors .[2 to 71. Traditionally, trunk 
engl.neerl.Ug of alternate route networks 
was based on that model, known as the 
"cost ratio," method. 

Figure 2 s hows the basic alternate 
route triangle. 

It can be shown that the load car ried 
by the last inc remental trunk in a truck 
group consisting of n tru.nks, to which 
a Poisson load w ith mea n a is offered is 
given by: -

o(n) = aB(n-l, a)-aB(n,a) 

n In i 
wh ere B ( n , a) = ~ 1 I -,?, 

n " 0 

is the Erlang - B function, 

(1) 

The optimum n of the numbe r of HU 
trunks denote d by n* is that for which 
(n") is close to the econanic load, known 
as the :.'econanic CCS:' (ECCS). '!be ECa) is 
given by the relation: 

ECCS = K/R ( 2) 

where K is the ."marginal capacity:' of the 
alternate route to traffic overflow ing 
from the HU group and R is the :cost 
ratio" of a fin~l tr~nk to a HU trunk. 
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In terms of the ECCS, 
by: 

Cl (n*) is given 

o(n*) :? ECCS>O(n* +1) (3) 

Determination of ' the ECa) dep:mds on 
the marginal cap:lcity K and the oost ratio 
R. Crucial inaccuracies, however, have 
been found in practice in arriving at 
their values. The marginal capacity K 
was assumed to be a constant. Arbitrary 
values around 28 CCS were used. It has 

, been show n lately [8] that K is a specific 
derivative that is a function of the 
blocking, the :'background:' traffic and 
its peakedness and the overflow traffic 
from the first route and its peakedness. 
Formulas for oomputing the true value of 
the marginal cap:lcity K were provided [8]. 
For low blocking, Dayem (Appendix A of 
[8]) provided the follow ing formula which 
is valid for most cases of interest: 

K = (I-B) -1 (4) 

This ShCM s that the marginal cap:lcity 
K approaches one (1) erlang (36 CCS) at 
B.Ol. The accuracy of the process depmds 
to a large extent on the accuracy of the 
marginal cap:lcity K. In the restructured 
network, large capacity, highly efficient 
final groups w ill be required at' each end 
office. 

2 • 'IHE EQUAL ACCESS II.AN. 

This section describes the equal 
ac c e s s pIa nth a t m e e t s the M F J 
requirements to provide to all carriers 
access that is ,"equal in type, quality 
and price," to that of AT&T. In general, , 
the plan consists of providing at each 
end office a common pool of traffic 
capacity to carry, initially, the full 
load of the small-volume carriers and the 
overflow load of high-volume carriers. 
'!bis w ill be accomplished by converting 
the toll connecting trunk groups fran full 
(non-alternate route) groups to alternate 
routing. The camnon IX>01 cap:lcity w ill be 
provided in the final route which also 

B.1&h-Vol. 
Carrier PoP. 

Fig. 3 il1u8traUDg Alternate aoute Model 
for lAt.r_e:~e Carriera Co_ee:tiDg Tr .... It •• 
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carries 'the office :'backgroUnd" traffic. 
'!be direct and tandem trunks w ill be 
optimized for least-cost network based on 
the marginal capacity and the cost ratio 
using modular trunk engineering. It has 
been show n [9, 10] that there are cost 
savings in using trunk module sizes of 12 
and 24 for one-way and two-way trunks, 
respe ctively • 

Figure 3 illustrates the alternate 
routing model in an area with several 
interexchange carriers. The PoPs of the 
oominant carrier are cx:mnected to the end 
offices by direct (high-usage) trunks and 
to the tandem by tandem tnmks. '!he PoPs 
of small-volume carriers are connected 
ooly to the tandem'. " Eacli ' end office' 'is 
connected to its home tandem by a ,"fina1." 
trunk group. It is required to develop 
an algorithm for sizing the trunks in this 
model. 

Sizing of the Direct TrurlkS'. 

With reference to the alternate route 
triangle in figure 2, it can be shQtln that 
the traffic carried by the last 
incremental module, in a trunk group 
consisting of r modules of size m is given 
by: 

a(rm)=aB(rm-m, a)-aB(rm,a) (5) 

The optimum number of modules r, 
denoted by r* that determines the o};X'.:imlJl\ 
size of the direct trunks is that for 
which a (r 1frm) is close to the economic 
load. The economic load, EL, in this 
case is given by: . 

EL = m K/R (6) 

where K and R have the same meaning as 
before. 

In terms of the economic load, the 
optimum number of modules r* is given 
by the relation: 

a (r 1frm) ~ mK/R > a(r 1fr m + m) (7) 

The mean of the traffic offered 
to the alternate route, i.e. the 
additional traffic capacity required to 
be provided in the final group is 
given by: 

y (r *m,a) = a B (r*m,a) (8) . 

In order to provide capacity in "" the 
conunon pool in addition to that required 
for optimum overflow load, it w ill be 
necessary to increase the overflow load 

' by reducing the optimum' direct modules 
by one or two moc:11l.es. . 
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This process w ill also be used, in a 
similar way, to establish new direct 
groups for the new carriers.ln order to 
provide additional capacity in the cxmnon 
IX>ol, then the direct group will have one 
module less than r. 

The process for sizing the final 
group and tandem trunks are well known 
[11] • 

aNCLUSION 

The ,process presented here provides a 
method for optimizing the direct and 
tandem trunks for all carriers that 
results in the least-cost network without 
augmenting the quantities of access trunks 
used by a single-service provider. It 
is based on the use of large size final 
routes whose marginal cap:lcity awroadles 
one (1) erlang at B.el and constant cost 
ratio R. It requires only the forecast 
loads used in the former network to 
determine the dimensions of the carriers 
access trunks. 

This process satisfies the MFJ's 
three-phase equal access stipulations: 

1. ~ual type - is ensured by providing 
access to all carriers based on the 
direct-alternate route model. All 
carriers contribute to and share a cammon 
p:>ol of access traffic capacity. Access 
of high-volume carriers consists of tandem 
and direct trunks, if economically 
justified. Access of small-volume 
carrie~s consists, initially, of tandem 
tr unks only. 

2. Equal quality - is ensured by equal 
grade-of-service provided by the common 
final route. The quality of transmission 
is controlled by the tariffed type of 
interconnection and the use of digital 
facilities and digital tandem 911 itching. 

3. Equal Price - is controlled by using 
final routes with high marginal capacity 
and a uniform cost ratio R for all 
carriers. This w ill result in equal cost 
pe r minute-of-uSe. 

4. Last, but not least, the carrier 
access charge tariff can be based on the 
cost of the direct-alternate route model. 
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ADlENIlJM* 

0lERVIE.W OF THE IDDIFIED FINAL JUIGMENT 

The Modified Final Judgnent, awrCNed 
by Judge Greene on August 24, 1982, 
settled the antitrust case filed by the 
U. S. Department of Justice against AT&T 
almost eight years earlier. Besides 
terminating the antitrust action, the 
agreement prCNided for several fundamental 
changes in AT&T's corporate structure. 
Before turning to summarize the terms of 
tha t agr eement, however, it w ill be 
he 1 p f u 1 tot r ace b r i e fly the 
pre-divestiture environment. 

For most of the last fifty years, 
AT&T has dominated the U.S. 
telecommunications market as a vertically 
integrated, privately-owned monopoly. 
AT&T owned 100% of the western Electric 
Company, which manufactured and sold 
telephone products and equipment to its 
subsidiaries. AT&T and western Electric 
together owned 100% of Bell Laboratories. 
AT&T Long Lines provided nearly 100% of 
the U.S. and international long distance 
service. Finally, AT&T owned a 
controlling, and often a complete, 
interest in 20 of the 22 Bell Operating 
Companies (BOCs) that prov ide local 
telephone service within their exchange 
areas. 

Because of AT&T's monopoly control, 
AT&T has been regulated by both federal 
and state goverrnnents. In 1934, Congress 
pissed the Communications Act, thereby 
creating the Federal Communications 
Commission (FCC). Congress gave to the 
FeC the authority to regulate all 
"interstate:' communications servi~~ ~or _ 

the purpose of making available, :'so far 
as possible, to all the people of the 
Un i t e d S tat e s a rap id, e f f i c i en t , 
Nation-w:ide, and world-wide w ire and radio 
communication service with adequate 
facilities at reasonable charges ••• :' 
(Section I). State governments retain 
the author ity to regulate all intra-state 
communica tions, and they do so in a 
variety of ways depending on local 
circumstances. The FCC, however, may 

. preempt state regulation of an intra-state 
activ ity if the activ ity is connected to 
an interstate activity and the state's 
regulation conflicts with federal law or 
policy. 

OVer the last thirty years, the FCC 
and the U.S. courts have op:med the gates 
to competition to AT&T in both the 
telephone equipment market and the long 
distance market. As far back as 1949, 

* Compiled by John W indhausen 
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. the U. S. Depar'tment of Justice maintained 
that AT&T's mon0tx>ly CNer the prCNision of 
customer premises equipment (CPE) ~as 
unjustified. In that.year th~ JUs~~ce 
Department filed an ant~trust smt against 
AT&T, seeking to force AT&T to relirq~ 
its western Electric stock, and seek~ng 
generally to separate telephone 
manufacturing from the provision of 
telephone serv ice. The antitrust case 
resulted in a settlanent agreanent tetween 
AT&T and Justice, know n as the 1956 
Consent Decree. The Decree allowed AT&T 
to keep western Electric, but prohibitted 
western Electric from manufacturing any 
Equipment other than that used by the. B~ 
S¥stem, and restricted AT&T to prCNXling 
common carrier communications services. 

Despite the Justice Department's 
fa i 1 u r e t 0 s e par ate t e 1 e p h 0 n e 
manufacturing from teleIhone servire, the 
FCC and the courts have gradually 
~rmitted competition in the telephone 
Equipment market. In the ~'Hush-a-Ihone:' 
decision in 1956 and the Carterphone 
de-clsion in 1968, 'customers were allOWed 
to attach non-AT&T telephones to the 
network. These decisions paved the way 
for non-AT&T companies to begin 
manufact ur ing and marketing telephones 
in competition with Western Electric. '!he 
rapid growth of alternative sources of 
telephones and other customer premises 
Equipment (CPE) allowed the Ccrnmission to 
deregulate Cffi in the 1979 second canIXIter 
Inquiry Decision. AT&T may now market 
CPE without filing tariffs as long as it 
does so under a separate subsidiary. '!he 
Computer 11 decisiop forced AT&T to split 
into two companies: AT&T-Information 
Systems (ATTIS), which markets teleIhone 
Equipment and -so-called :'enhanced 
services :', and AT&T-Communications 
~TTCOM}~ which supplies basic 
transmissioo servires. 

The growth of oom~tition in the long 
distance market has proceeded more slowly 
than competition in the CPE market. 
Beginning with the Commission's approval 
of an MCI application to provide private 
line service in competition with AT&T in 
1969, the Commission and the courts have 
gradually expanded the opportunities for 
competition into the entire long distance 
market. Competition was hindered, 
however, by AT&T's ownership of the local 
eXChange companies, with which the 
competing carriers had to interconnect in 
order to allow custaners to obtain access 
to their services. Two dangers to 
oompetition were identified: first, it 
was feared that AT&T would subsidize its 
competitive long distance services with 
profits from its local servire, CNer whi~ 
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AT&T retal.ned a virtua:l monor:olYi .second, 
it was feared that the local exchange 
companies would discriminate in favor of 

AT &-'1' Lo-ng 'Lines~ giving A'li&T higher 
quality conne~tions to their local 
9N itches than they would give to the 
com~titors. Because of AT&T's r:otential 
ability to use its ownership of the BOCs 
to e n gag e i nth e s e for m s 0 f 
anti-competitive conduct, the Justice 
Department once again filed an anti-trust 
action against AT&T, seeking this time to 
separate the BOCs from AT'&T, and seeking 
generally to separate local service from 
long-distance service. 

The settlement agreement (MFJ) that 
resulted from this anti-trust action 
modifies the 1956 consent Decree in 
several ways. AT&T retains its ownership 
of western Electric and Bell Lalx>ratories 
but AT&T is no longer restricted by the 
terms of the 1956 Consent Decree to 
providing common carrier communications 
services. The MFJ frees AT&T to enter 
the da ta communica tions market, the 
computer market, and all forms of 
information services except electronic 
publishing, which the judge found to be 
an infant industry that would be too 
easily dominanted by AT&T. western 
Electric, Bell Labs, AT&T Information 
Sy'stems, and AT&T International together 
are now known as AT&T Technologies. 

The most dramatic provisions of the 
MFJ call for the complete divestiture of 
AT&T's ow nership interests in the Bell 
Operating Companies. The divestiture, 
which went into effect on January 1, 1984, 
forced AT&T to relirx:Iuish $100 billion in 
fixed plant, or about 2/3 of its total 
fixed assets. Judge Greene has also ruled 
that AT&T may no longer use the :'Bell:' 
name and logo. The twenty-two Bell 
Operating Companies have been combined 
into seven independent regional holding 
companies (know as regional Bell ~rating 
Companies, or RBOCs). Each BOC is l:imited 
to pr ov iding local exchange service within 
its area. . 

The divestiture alone does nothing 
to prevent the BOCs from discriminating 
against other long distance carriers, 
however. The MFJ solved this problEm' by 
requiring the BOCs to prCNide equal access 
to all long distance carriers upon bona 
fide request. Specifically, the agreement 
calls for the BOCs to prCNide access that 
is ."equal in type, qual ity, and price:' to 
that provided to AT&T. The MFJ requires 
the BOCs to offer equal access from en 
offices serving at least one-third of its 
acce ss line s by Septembe r 1, 1985, and 
requires the BOCs to offer equal access 
to all of its access lines by Septanber 1, 
1986. 
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. Prior to the MFJ, competing 
1nterexchange carriers obtained a variety 
of different types of access connections 
that were inferior to that of AT&T. As 
equal access is put into effect the 
cx;>mpetin~ carriers w ill obtain the same 
high qua11ty connections as AT&T. '!he MFJ 
also provides that the BOCs w ill collect 
acce~s charges from the interexchange 
ec:-rr1ers at rates set by tariffs filed 
w1th . the FCC. As the competing carriers 
obtam the same high quality connetions as 
AT&T, they w ill also pay the same high 
access charges. 

The MFJ is a complex and detailed 
document, of which only the main points 
have be.e~ presented here. '!he growth of 
compet1t10n makes telecommunications a 
dynamic indusfry, and Judge Greene and 
the FCC w ill continue to monitor the terms 
o~ the agreement to determine hGl well it 
w1thstands the tests of an innovative 
~rketplace. Whether competing carriers 
will ever succeed in posing a significant 
<?hallenge to AT&T's continued dominance 
1S yet to be seen, but the MFJ at least 
establishes the basic groundwork for a 
fully competitive envirol1llent. 


