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Abstract 

The objective of this paper is to give an overview of 
telecommunications service standards in the USA: where 
we came from, where we are, new problems and areas 
for investigation. The main focus will be on Bell 
Operating Company (BOC) standards used directly for 
traffic engineering, and on performa.nce monitored by 
their Public Utility Commissions. 

I. Introduction 

Increasing competition in the U .S. 
telecommunications industry heightens the needs for 
service standards investigations. How can a competing 
company degrade service without affecting the network 
as a whole? When capital constraints are i~posed, it is 
important to know where and how service can be 
compromised with the least impact on customers. 

Perhaps the most important technical factor is the 
introduction of digital switches. Virtually all components 
are sensitive to peak period loads, so new standards that 
minimize service risk are essential. Conversely, since 
service at average loads should be nearly perfect, a new 
look at other network criteria is needed. 

To see where we should go, it is important to 
understand where we are and how we got there. this 
paper traces the developm~nt of traffic related service 
criteria in the former Bell System and discusses some of 
the key open issues .. 

II. Dial Tone Delay Standards 

A great deal of attention has been devoted to dial 
tone delay standards. There are at least two important 
reasons for this. 

(i) A customer who can't get dial tone can't place 
any kind of call. 

(iD Dial tone delay is measurable, and all Public 
Utilities Commissions rightly insist on 
monitoring it. 

The earliest recorded standard (1919) was P.OOl 
(one in a thousand blocking) using the Blocked Calls 
Held assumption for engineering of line finder groups 
and line switches in SxS and Panel [11. This applied to 
the "busiest hour of the day". As yet there was no 

specific concept of busy season or of day-to-day variation 
affecting average service. Measurements of traffic 
intensity were crude: manual peg counts twice a month, 
augmented by periodic holding time studies. This was 
one good reason for the very stringent standard. There 
were at least two others. 

(i) Dialing their own calls was a new chore for 
customers, and it was felt this should be made 
as easy as possible [11 

(iD "If we consider that the selectors are sometimes 
held busy by 'shorts' or 'grounds' or by 
subscribers unwittingly (or wittingly?) leaving 
their receivers down, it becomes necessary to 
allow for some margin, and this margin is 
obtained by using the 1 in 1000 probability ... " 
(2) Mr. Baer was probably the first to recognize 
that Permanent Signal and maintenance usage 
were and would remain chronic problems in 
estimating effective line group loads. 

In 1925 the standard was changed to P.Ol, because 
"it became apparent that a somewhat less liberal 
provision of equipment would not perceptibly degrade 
the service ... " DJ. Another reason, most likely (3), is that 
the trunk groups and internal SxS selectors were by then 
engineered to P.Ol, and it didn't seem logical to give 
perfect dial tone service if 3% to 4% of the calls could 
not complete dialing. The P.Ol standard remained in 
effect until World War H. 

Warren Turner[l) recounts how the standard was 
changed to P.02 by order of the War Production Board, 
the almost-perfect equivalence of P.02 to 1.5% delay 
over 3 seconds, and the reason why the standard was not 
changed back after the war. His major point is that 
shortage of capital and increased demand caused service 
much worse than P.02 in many offices during and just 
after the war. When service was improved to P.02 
during the 1950s most customers were more than 
pleased. The P.OI objective had been 'forgotten', so why 
return to it? Apparently the Commissions saw no cause 
either, since the basic average busy season standard has 
remained 1.5% over 3 seconds delay for more than 40 
years, and all dial tone speed (DTS) monitoring plans 
were built around this objective. 

In common control (crossbar) offices it became 
clear that load vs. delay curves were much steeper than 
for SxS, and standards were proposed to protect 
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customer service on the highest days. The first set of 
standards proposed in 1955 was the following (3): 

Engineering 
Time Frame 

Average busy season 
busy hour (ABS) 

Average 10 high day 
busy hour (Io HD) 

High day busy hour (HD) 

% Dial Tone ~elay 
over 3 secs. 

1.5% 

3% to 5% 

10% 

This proposal was subject to many comments. R. I. 
Wilkinson observed that due to the steepness of the 
load-delay curves, it is extremely unlikely that any dial 
tone delays w~uld occur outside the 10 high days. Thus 
an average for 10 days of 8%, and 50 days of no delay 
for a 60-day average busy season, would result in a 
1.33% delay over 3 seconds, corresponding well to the 
1.5% standard. 

Thus the 10-high-day standard was set at 8% (5% 
for Panel and SxS, since mean delays were longer there 
than in crossbar). For several years there was no 
specific High Day standard, but in 1961 a 20% standard 
was added, to provide a limit on the worst service a 
customer could expect to receive. It was estimated that 
this change would increase overall CO equipment cost by 
less than 1% [3). 

The seemingly innocent addition of a specific High 
Day threshold on service caused many more problems for 
traffic engineers and administrators than expected. 
First, service in crossbar and stored program control 
(SPC) machines was extremely difficult to predict, 
beyond the "knee" of the load/service curve [4], [51. This 
meant that expected dial tone delay of 20% could .easily 
become 50% or even 80%. Also, it was very difficult to 
provide guidelines for when to eliminate very unusual 
High Days from the annual database. It was stated [3) 

that "Act of God days" could be omitted, but the 
"highest day which regularly occurs" must be included. 
Given the statistics of peak period loads, the definition of 
'regularly recurring' is very hard to quantify. 

The necessity to set thresholds on peak period 
performance is even more evident in modern digital 
switching systems than it was in earlier common control 
systems 16] In most digital systems large, efficient line 
concentrators are a new source of dial tone delay, and 
the "knee" of the delay curve may occur at 90% 
occupancy or even higher. Little is known about 
customer response to long dial tone delays or to delays of 
more than 20% over 3 secs. Wilkinson's data studies 
show only that a Palm j-5 model works well for lower 
levels of delay, for originating-only service in SxS[7]. In 
the large digital concentrators, as in SxS, delays are 
subject to total call holding times, and most delays will 
be long delays - atypical of other common control 
systems. 

With regard to customer perception of dial tone 
delay as a motivator for setting standards, three studies 
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will be noted briefly. 

1. In 1952 one of the BOCs was still suffering the 
effects of wartime shortages, and the return to a 
1.5% over 3 seconds DTS standard was going to be 
costly. A special study was organized to determine 
customer attitudes toward dial tone delay. Nearly 
150,000 observations of calls from 2000 custoiners 
were made, with the customers polled on their 
attitudes toward measured average dial tone delay 
levels [3]. 

Customer Response 
to Dial Tone 
Service 

U nsa tisfactory 
Noticeable 
Never waited 

Aleasured Percent 
Delay over 

3 secs. 10 secs. 

7.7 
6.0 
3.8 

2.9 
1.9 
1.3 

On the basis of this some managers recommended 
an average busy season standard of 4%, with 
control objectives for the three highest days of 
each month. (The 10 HD concept had actually 
evolved from proposals to average service for the 3 
highest days of the 3 highest months). 

The study results were judged to be a 
conditioned-response phenomenon. Service 
considerably worse than 4% dial tone delay had 
been prevalent in this company for at least seven 
years, so 4% looked like good service to those 
customers who experienced it. Neither AT &T nor 
the other BOCs viewed this as grounds for 
changing the nationwide standard. 

2. By 1975 SxS systems were being replaced much 
faster than the remaining systems in service were 
growing. Enough spare equipment was available to 
provide 'perfect' dial tone service in the remaining 
offices at low cost. We conducted a busy season 
study in two problem offices to assess the cost of 
"no dial tone" trouble report processing as a 
function of dial tone speedI6]. This showed that 
(a) customers often report dial tone delay when 
there is none, probably mistaking it for another 
type of trouble, (b) there is little noticeable 
difference between 0 and 1.5% delay, and 
(c) trouble report rates increase rapidly, beyond 
2% delay. Unfortunately for us there was a mild 
winter that year, so no weather-related high traffic 
days were observed and we could not measure the 
effect of very severe delays. 

3. Throughout the 1970's a number of controlled 
experiments were performed to assess the 
individual and combined effects of many kinds of 
service impairment: transmission loss, noise, cutoff 
calls, dial tone delay, post-dialing delay... A 
summary of results is given in[S]. Generally this 
report shows that moderate or even somewhat 
severe dial tone delay has less effect on a 
customer's attitude toward overall service than the 
other types of impairment. My own view is that 
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the results are not very relevant because of the 
controlled experimental conditions. Usually, 
customers were invited to participate in an 
interactive computer communications game. Dial 
tone delay may not have caused as much 
frustration as in other environments. 

These experiments show no real reason to change 
the basic average busy season objective or its corollary, 
the ten-high ~day busy hour objective. But the objectives, 
definitions and data screening methods for 'worst service 
the customer will see' (e.g. High Day, or once-a-year 
return period) are subjects that need to be re-examined. 
This is especially true because new overload control 
methods for SPC systems have served to dampen the 
effects of extreme loads on service (9), (10). 

As noted, an area for study is the effect on 
customers of long dial tone delays inherent in the 
modern line concentrators. Basically, in a 400-server 
system under Erlang-C conditions, the "20% over 3 
seconds" criterion would imply that 10% of the calls are 
delayed more than 10 seconds. Such delays could mean 
more than customer annoyance. They may well imply 
that emergency calls could not be completed, since the 
threshold at which these delays occur (almost 96% 
occupancy) is so close to system saturation that no traffic 
forecasting method could offer protection against near 
outages. And as yet there are no overload controls 
designed to protect customer service at the line group 
level. 

Ill. End-to-End Blocking and Matching Loss 

It is common practice to couple the concepts of 
overall blocking and internal link system matching loss. 
Standards for the latter come directly from the former, 
and they are still intimately tied together. 

The (local area) end-to-end blocking standard 
evolved in much the same way as the dial tone delay 
standard, in the early years. When the Rorty (1903) 
and Molina (I907) tables were first published [111, trunk 
group blocking objectives were set at P.OOl mainly 
because of the crude ways of estimating traffic. In the 
1925 time frame it was observed that SxS selection 
stages could be engineered at P.Ol with no real 
problems, and a 13% average equipment savings. 

Since a local call through SxS equipment generally 
required three or four selection stages, including 
trunking between offices, the de facto standard for 
overall blocking or 'overflow' became 4%. Panel System 
District and Office frames were engineered accordingly. 
As crossbar systems development began in the early 
1930's, E. C. Molina's investigations of the new 
matching loss phenomenon were aimed at estimating 
capacities in the 1 % to 2% blocking range. Molina 
covered a full spectrum of probability distribution 
assumptions among linking stages in order to set bounds 
on possible capacities. The first crossbar offices were 
engineered for 1 % blocking in each of the originating 
and incoming switching trains, with intraoffice trunks 
designed to the same level. Again, World War 11 
shortages caused revision of the incoming matching loss 
standard to 2%, and it was never restored. However, as 

the retrial feature for outgoing or intraoffice trunk 
selection was soon introduced, it became evident that 
service levels of 0.5% or better could readily be 
maintained for the 0riginating part of each connection. 
This meant that, with local trunks engineered at P.Ol, 
the 4% objective was still attained, at least in theory. 

Automatic alternate routing of calls within metro 
areas did not change the objective. Tandem offices were 
engineered for 0.5% matching loss, so that the customer 
might expect up to 2.5% blocking on an alternate route, 
in addition to 2.5% or 3% matching loss. But since most 
of the calls were completed on a direct (high usage) 
route, 4% average blocking could still be maintained. 

The overall 4% objective remains today, but there 
have been some complications. As W. S. Hayward 
reported in 1964 [12~, the 4% standard was used as the 
initial intraoffice blocking objective in No. 1 ESS™. 
Later, when alternate routing within the No. 1 ESS 
switching train was introduced, for economic reasons, it 
became clear that overload service objectives were 
needed. 

Systemwide data studies (13) showed that the 
average 'peaking factor' (HD to ABS ratio) for carried 
load in large offices was about 1.15 (for call volume, 
about 1.30). So it was decided to incorporate a "15% 
overload" response objective in the generic local 
switching systems requirements (14) then in preparation. 
Based on performance studies of SPC and crossbar 
systems, the outgoing, incoming and intraoffice objectives 
were set at 2%, 7% and 12% respectively. 

These latter numbers were published as objectives 
rather than requirements, since it was recognized that 
(a) there were no human factors studies to back them 
up, and (b) the actual peaking factor could be much 
higher than 1.15, in any given office - especially one 
dominated by residential traffic (15). But they served as 
a warning flag to designers and engineers that overload 
response had to be watched carefully in modern systems. 
This was familiar, of course, to those studying central 

. processor capacity. But it was new to link systems 
analysts, accustomed to dealing with more well-behaved 
load/service functions(6). 

IV. Trunking and the Toll Hierarchy 

The early Rorty and Molina formulas were applied 
to trunking between manual offices, later to line finder 
groups, line switches and selector groups, as well as to 
trunking between local offices. By 1925 nearly 
everything was on a P.Ol basis. Graded access groups to 
promote switching and trunking efficiency were 
introduced by 1910, and Wilkinson's tables later came 
into use [16), mostly based on 1 % blocking, though P.005 
was used in some stages if an average call used more 
than 4 stages of switching, to maintain the 4% end-to-
end objective (3). . 

In the early 1900's most toll calling was on a 'call 
back' basis, because of the expensive facilities, without 
specific delay standards. From the 1920's until just after 

TM Electronic Switching System No. 1: trademark of AT&T 
Technologies. 
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WWII average delay objectives known as T -speed 
standards were used. Typical standards were 8, 15, 30, 
60 or 120 seconds average delay, depending on the 
importance and/or size of the route. When operator toll 
dialing through the new toll crossbar machine began, 
just after the war, P.01 was generally used in order to 
save operator work time and increase facilities in 
preparation for the introduction of nationwide toll 
dialing by customers. 

To backtrack just a little, by 1938-39 alternate 
routing of local calls within major cities was beginning, 
using the new crossbar systems' intelligence. Crossbar 
tandem offices were in service soon after the first local 
crossbar offices. It was understood that the alternate 
route trunk groups would see 'worse than random' 
offered traffic, so that the Erlang or Molina assumptions 
did not quite apply. From empirical studies a 1.03 
factor, later changed to 1.05, was applied to the offered 
load before using a P.OI table for local overflow routes 
[31 

The 1950s work of Bretschneider, Truitt, 
Wilkinson and others on the engineering of alternate 
routing systems is very familiar to ITC participants. 
Wilkinson's 1970 tables, which apply to local as well as 
toll trunking, included the effects of day-to-day variation 
as well as peakedness. For the first time the Blocked 
Calls Cleared model was used, for congestion in 
individual busy hours. At that time he said: 

"We conclude that the Europeans [and T. C. Fry] were 
probably right in objecting to the use of the Poisson 
formula for estimating individual hour blocking. 
However, it is a happy circumstance that the early 
conservatism in trunk engineering adopted by the Bell 
System for rather different reasons should prove to have 
included just the right amount of extra capacity to allow 
for busy season day-to-day load variations ... " Wilkinson 
provides evidence for this in l7J. . 

C. Truitt and others l31 originally recommended a 
uniform P.03 standard for the engineering of final routes 
in the nationwide plan. With more than two-thirds of 
calls completed over high usage routes, it was expected 
that this would promote the long-term goal of making 
DDD service as good as local service. (In the interim 
many sparse routes were still T -speed engineered.) But it 
was recognized that the 1.05 "fudge factor" would not be 
adequate for finals in multi-alternate routing. Wilkinson 
began work on equivalent random theory in 1947 [31, but 
it was not easy to apply originally. Not until 1970 was 
it used universally, with full automation of traffic 
measurement processing and load forecasting. 

Because of these difficulties and the lack of reliable 
measurements in some cases, a standard of P.Ol on finals 
was recommended in 1965, to be fully implemented by 
1970 (3). But in parallel, during the 1960s, discount 
tariffs were introduced to promote higher usage of the 
network in off-hours. These created traffic peaks at 
previously unforeseen times, so the P.03 objective 
continued to be applied selectively for some years to 
trunk groups affected by the new tariffs. In the late 
1970s, when P.OI was used almost universally, studies 
were made to determine if a return to the P.03 or even a 

P.05 objective would produce significant savings. It was 
found that revenue losses from poorer service (17) were 
about equivalent to savings in trunking, so the P.Ol 
objective was retained. 

v. Auxiliary Standards 

It is an enigma of modern switching systems that 
the standards discussed in Sections 11 and Ill, the 
important customer service standards, are difficult to 
apply because they require load-service relations based 
on complex mathematical models of interacting service 
sy&tems. But most switch components that are 'traffic 
engineered' are auxiliary elements such as service circuit 
groups or blocks of memory. The tables or curve-fitting 
procedures used for these are generally straightforward 
Erlang or Poisson functions. The process of tracking 
and forecasting traffic loads for these components is an 
ongoing problem, however. 

Table I is taken from [141 and provides most of the 
BOC standards in use today. In addition, a 90% 
occupancy threshold is used for high day engineering of 
circuits such as digit receivers and senders, as well as 
key memory elements such as call progress and billing 
registers. This safeguard is to provide a cushion against 
forecast inaccuracy and is achieved at modest cost, in 
most modern systems. There is little of historical 
interest associated with most of these standards. They 
were usually arrived at by consensus judgement of traffic 
professionals, based on their a priori knowledge or 
studies of interactions under overload. 

The most important 'hidden' or auxiliary 
standards, however, are those used for processor capacity 
estimation and engineering. In this context we may 
distinguish between capacity estimation, as applied to a 
single central processor, and 'engineering' as applied to 
·determination of the number of minicomputers (or 
markers) needed in a parallel-processing environment. 
Modern systems usually employ distributed or serial call 
and administrative processing, with functions segregated, 
but the most time-consuming call setup functions may 
still be done by parallel processors. 

In crossbar systems markers were the parallel 
processors, engineered based on average busy season 
data, but there is evidence [3] that a 'fudge factor' was 
used to protect peak period performance even before 
1940. By the 1950's this was formalized in traffic 
practices, and in the early 1960's formal high day 
engineering was introduced. The problem here was not 
really what delay criterion to use for peak period 
engine-~ring (anything from 200 ms. to 2 secs would 
admit very high occupancy), but how to estimate the 
traffic load. Markers were subject to delays from many 
sources, and were especially vulnerable to register and 
link frame congestion [18]. So the "knee" of the steep 
load/delay curve was very elusive. We knew when the 
early SPC systems were being designed that processor 
engineering was really not a standards problem, but a 
problem of characterizing performance. This has been 
well covered at prior ITC's. Modern systems with 
distributing processing and complex data 
communications among them offer a continuing 
challenge to performance analysts. 
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The most important advances of the 1970's were in 
overload control strategies (9) [IO) The paramount 
concern was to keep the processor handling as many 
effective or 'good' calls as possible, in any extreme 
overload condition. In this we succeeded very well, and 
capacity gains were also achieved. Ineffective attempt 
volumes were reduced and dial tone delay performance 
became somewhat more predictable in the "knee of the 
curve" region. 

A challenge for the future is to characterize 
customer reaction to extreme overloads that are well 
controlled. 'Before and after' studies are very difficult to 
make in this context. But if we are to take full 
advantage of the capacity to be gained under controlled 
peak loads, we must ascertain what's really happening to 
customers when controls are invoked: how many calls are 
actually "lost", the real delays. Measurement systems 
today are not quite up to this task. When they are, it 
should be feasible to set new standards for peak period 
processor performance. 

VI. Standards Needed 

Table I shows standards for Extreme Value 
Engineering (EVE), with daily peak busy hour data 
processing assumed, as well as the conventional 
standards discussed, with time-consistent busy hour 
(TCBH) processing. As discussed in (19), [20T, every 

effort was made to keep the standards consistent in order 
to ease the transition from TCBH to EVE. Average
bouncing busy hour (ABBH), once a month return 
period (OAM), and Once a year return period (OAY) -
later adjusted to Expected High Day (EHD) - coincide 
within a few percent in load or call volume to the 
traditional ABS, 10HD and HD time-consistent levels. 
EHD is intended be HD exactly, based on empirical 
formulas we had available (20). So, few new service 
standards are needed for EVE. 

For administrative and economic reasons, the 
BOCs recently decided that full conversion to EVE data 
processing is not warranted for modern digital systems. 
Left open for now is the question of whether EVE 
processing and standards will be needed for remote 
switching systems, digital loop carrier concentrators, and 
packet switching applications: either stand-alone or in 
the ISDN context. These latter cases seem natural EVE 
candidates, since the busy hour is not apt to be well 
determined and interacting components are relatively 
easy to specify. 

The major missing numbers in Table I are for data 
switching and remotes. Actually, for remote 
concentrators an informal standard of P.005, with a 3-
month return period (Le., 4 exceedances of 0.5% 
blocking in a year) was established in the early 1970's to 
insure no noticeable overall service difference for 
customers on these switches [2I) For data access 

Table I 
Local Switching Systems Criteria 

c T ritn-ioll -Y/¥ SH DB DB AB B TH H H H ABBH 
Ndwork Suvic~ 
Line-to-Trunk Blocking (ML) 1% 
Trunk-to-Line Blocking (FFM) 2% 
Line-to-Line Blocking (ML) 2% 
Trunk-to-Trunk Blocking (FFM) 2% 
Trunk-to-Trunk Blocking (ML) 0.5% 
Dial Tone Delay Delay (t> 3") 1.5% 
Dial Tone Delay Average 0.6" 
Blocked Dial Tone Delay (t>O) -
IR Attachment Delay Delay (t> 3") 1.5% 
Suviu Circuits 
Customer Digit Receiven Delay (t>O") -
Interoffice Receiven Delay (t> 0") 1% 
Interoffice Receiven Delay (t>3") -
Interoffice Transmitten Blocking -
Ringing Circuits Blocking . 
Coin Circuits 

Coin Control Blocking -
Overtime Announcement Delay (t>O") 1% 

Announcement Circuits Blocking 1% 
Tone Circuits Blocking 1% 
Recorder Tone Circuits Blocking -
Conference Circuits Blocking 0.1% 
Billing Error -
ML: Matching Loss (after retrials, where available). 

FFM: First Trial Failure to Match. 

- 2% 1% 
- # 2% 
- # 2% 
- - 2% 
- 2% 0.5% 

8% 20% 1.5% 
- - 0.6" 
- # -

8% 20% 1.5% 

- 5% -- - 1% -
- 0.1% -

1% - -
- 0.1% -
- 0.1% -
· - 1% 
· - 1% 

· - 1% 
- 0.1% -- - 0.1% 

· 2% . 

OAM EHD 

- 2% 
• {I 

• {I 

- -
- 2% 

- 20% 
- -
- # 
- 20% 

- 5% 
- -- 0.1% 
- -
- 0.1% 

· 0.1% 
- -
- -- -
- 0.1% 
- -
- 2% 

• Where an OAM standard is desirable for specific s~tems applications, it should be 
derived based on the EHD and ABS standards and the lID/ABS distributions in 
Section 17, System Capacity. 

lIDBH and EHD standards are under study. 
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conct:ntrators and public packet swih.:hcd sy~lems 
standards are in the proposal slagt:s (221, and for packet 1 blOCll inq 

Cccfficien~ or Vd'"i.nion : .20 •. 15 •. 10 •. 05. 0 

switching in the ISDN context considerable CCITTIITU 
work is in progress [231. 

Enhanced services through ISDN open up a 
new array of standards problem. The major needs 
are .for component peak period standards and for 
voice/data service tradeoff objectives under overload 
controls. This escalates the need for studies of 
customer reaction to service problems. Studies that 
characterize the load variability of remote switches 
are also urgently needed. 

We will discuss how the missing numbers 
marked (#) in Table I can be filled in. These were 
the 7% and 12% blocking "objectives" for incoming 
and intraoffice matching loss under overload 
conditions. There are several considerations needed 
to decide whether these or alternative numbers 
should become firm requirements. 

(i) Matching loss has been replaced by 
concentrator blocking, or "blocked dial tone", 
in modern digital systems. A blocked 
terminating call is now often coincident with 
a long dial tone delay, for an originating 
customer. 

(ii) 

(iii) 

There are no studies or other specific 
evidence to indicate that a given level of 
blocking is more or less serious (evident to 
the customer) than the same level of (long) 
dial tone delay. But by the arguments and 
evolution tracked in Section 11, it seems 
evident that dial tone delay should be the 
controlling standard. The load/service 
relations for long dial tone delay, or for 
terminating (incoming or intraoffice) 
blocking, are very steep. The system ranges 
from an equivalent 50 to about 500 ' full
access servers, with an unknown customer 
defection distribution - perhaps ranging from 
Wilkinson's J = 5 assumption at low delay 
levels to Erlang-C when delays are excessive. 
Finite-source considerations are not very 
important for the largest systems, where 3000 
to 5000 lines access 500 time slots. 

Actual system designs are generally limited 
access, 2- or 3- stage concentrators, readily 
analyzed by Jacobaeus or Effective 
Availability methods (e.g. [24], [25]). 

Fortunately, because of their large access 
internally, the results look much lik~ full
access load/service relations. So with 
reasonable assumptions in (ii), standardized 
functions may be used for analysis. 

Figures 1, 2, and 3 show occupancy vs. 
blocking curves for three concentrator designs now 
in service. They cover equivalent server (time slot 
group) sizes of about 50, 100 and 400 respectively. 
Only Figure 3 is reproduced here, since the others 
are similar in form. The parametric curves are for 
total coefficients of variation (~V) ra~ging from.o to 
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rig. 3. Digital Line Concentrator Load vs. Service 
Effective Access = 400 

20%. The "0" curves include only source load 
variation, according to the analytical models used. 
The total variation may be considered day-to-day 
alone or combined day-day and group-group, 
depending on the application. For each curve a 
gamma distribution of load variation was assumed, 
consistent with TCBH observations of traffic on 
trunk groups [26]. 

For example, in Figure 3 a 0.5% ABS objective 
with 10% CV would produce an adjusted capacity of 
.77 occupancy, down from .91 at 0% CV. To this 
we apply an EHD/ABS ratio similar to that given in 
[20] but modified by the gamma assumption, to 
estimate blocking under HD conditions. That is 

EHDIABS = 1 + 2.62-CV + 2.01·CV2 = 1.282 

and the corresponding blocking is about 20%, HD. 

Table 11 shows results obtained from Figures 1, 
2, and 3 by the straightforward method just given, as 
related. to ABS blocking objectives of 1.5%, 1 %, and 
0.5%. As expected, the EHD service "blows up" 
when a 1.5% objective is assumed, especially for the 
most efficient concentrator design. A 1 % objective 
might provide reasonable HD service protection 
except for the most efficient design, Figure 3, and a 
0.5% objective appears to provide service protection 
for all cases, but too much so for the Figure 1 
system. In Table III we draw one obvious 
compromise: varying the ABS objective with 
concentrator efficiency to maintain consistent HO 
objectives. 

All of this assumes, of course, that we are 
willing to live with an as yet unquantified amount of 

. service risk, inherent in engineering for 'expected' 
peak period loads. The statistics reported in [15] 

. indicate that the -expected HO-to-ABS ratio or 
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Table IT 
ABS Engineering with Adjustments for Traffic Variability 

Equivalent ABS Expected lID % Blocking at CV of 
Group Size 

50 
(Fig. 1) 

100 
(Fig. 2) 

400 
(Fig . 3) 

Objective .05 .10 .15 

1.5% 8 21 50 
1 5 15 29 
0.5 3 9 14 

1.5 13 60 100 
1 9 30 70 
0.5 5 14 20 

1.5 100 100 100 
1 37 100 100 
0.5 13 28 50 

Table ID 

ABS Engineering Adjusted for Group 
Size and Traffic Variability 

lID Objective = 20% Blocking 

Equivalent 
Group Size 

Adjusted ABS % Blocking at CV of 

50 
100 
400 

.05 .10 .15 .20 

(4.2) 
(2 .3) 
0.7 

1.4 
0.8 
0.4 

0.7 
0.5 
0.3 

0.5 
0.4 
0.3 

.20 

100 
48 
20 

100 
100 
30 

100 
100 
60 

increment can be estimated well by class of service, 
geographical region and time of day of the busy 
hour. But the year-to-year variation in these 
statistics remains large, and not all of it is due to Act 
of God days. Yet if we are willing to accept the type 
of "annually recurring lID" definition implied in this 
analysis, engineering based on adjusted average 
service objectives would be feasible. 

Another approach is to redefine the peak 
period service problem as an outage problem. In the 
absence of good data on customer reaction to poor 
service, we might elect a criterion for engineering 
(e.g. 50% blocking) that is certain to cause severe 
service impairments, then specify that this level 
should occur no more than one hour in three years. 
Today's data processing systems can readily perform 
the required traffic projections. 
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