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ABSTRACT 

The prospect of collaboration between the tri-annual 
International Teletraffic Congresses and the Interna
tional Telegraph and Telephone Consultative Committee 
promises to enhance the work of both groups. 

One of the fields where this collaboration may become 
particularly productive is in the application of stud
ies on human behavior to traffic engineering. 

The program for the 1968-1972 study period of the CCITT 
Working Party on Traffic Engineering seems to relate 
mainly to three classes of problems: significant repre
sentations of telecommunication traffic; forecast of 
its future trends; and meaningful measures for the grade 
of service. Of these, the last one is the most intrigu
ing and, incidently (or perhaps just because,) also one 
that is fully contingent on human idiosyncrasies. 

Typical of grade of service questions are: what should 
be the overall subscriber-to-subscriber grade of ser
vice? what advantage can be derived by departing from 
busy hour traffic engineering? The proposed preliminary 
answers to both questions imply that conventional con
cepts should be continued in absence of practical and 
economically justifiable alternatives. Evidently,tra
ditional notions will only be supplanted when human 
factors are better understood. 

The prospective collaboration may further aid in ap
proaching such problems, since analogous considerations 
are always involved for setting transmission engineering 
standards, in which area CCITT has been instrumental 
and eminently successful for many years. 

The grade of service problem induced the Working Party 
to suggest a new question on the possible use of the 
level of repeated call attempts as a grade of service 
measure. The crucial point appears to be whether this 
could be a sufficiently effective indicator, consideribg 
the presence of extensive masking effects unrelated to 
service quality. 

This discourse was prepared in the spring of 1972, and 
in parts it was based on the views of the CCITT Working 
Party on Traffic Engineering as revealed in its contem
porary contributions. Therefore, possible changes in 
the Working Party's views or decisions by the CCITT 
which might have taken place subsequently, and which 
could have had some bearing on these present discus
sions., were not embodied nor considered in the present 
paper. 
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Among the significant events that have taken place at 
the 1970 Sixth International Teletraffic Congress was 
the formal understanding of collaborationbetween the 
loosely associated Teletraffic Congress fellowship and 
the CCITT, with its firm United Nation structure and a 
pedigree reaching back over more than a century. FOT 
a considerable time already some de-facto infusion did 
exist, by several prominent participants of Teletraffic 
Congresses serving in CCITT study groups as delegates 
of their respective nations. It became gradually appar
ent that it would be desirable to enlist the competence 
created through the Teletraffic Congress association for 
the advantage of CCITT's traffic engineering problems, 
and this to mutual benefit. Thus, the Congress was re-. 
cognized in 1970 as an international organization which 
takes part in the work of the CCITT. 

The mutual benefits that are to be expected from this 
cooperation were lucidly explained in 1970 by its pro
ponents. Some progress ·accomplished during the interim 
three years may likely become apparent at this Seventh 
Teletraffic Congress. The collaboration may very well 
have an effect upon the disposal of CCITT problems per
taining to traffic engineering, or on the formulation 
of some new questions. 

HUMAN FACTORS 

The International Telecommunication Union, and specifi
cally the CCITT, are concerned with all aspects of in
ternational telecommunication operation and technology. 
These are dealt with through specialized Study Groups 
and Working Parties. Traffic problems, particularly 
those of international significance, can be considered 
by the several specialized groups from much broader 
empirical bases and diverse aspects than otherwise avail
able to most traffic researchers. 

As an illustration, it became increasingly clear in 
recent years that human demeanor (by users as well as 
by operating personnel) dominates the behavior of tele
traffic to much greater extent than it was formerly 
admitted. As a corollary, it has been concluded that 
it ought to be more productive on improved efficiency 
of communications to devote increasing attention and 
study on the behavior of the human participants, in pre
ference to refinements in analytical theories which are 
beyond realistic significance. 

In attesting this orientation, an increasing number o~ 
excellent authorative studies appeared lately in the 
telecommunication literature, and still others were pre
sented at recent Teletraffic Congres~es as well as at 
diverse technical conferences. These papers reported 
in considerable detail the experience of large telephone 
operating organizations with the actions of their custom
ers, and more particularly their effect on the movement 
of traffic as well as on the efficacy of the telephone 
plant. 

It is in this area where with proper coordination the 
newly established collaboration could become eminently 
productive. The 1964 Plenary Assembly of the CCITT has 
set up a Human Factor Working Party (varyingly assigned 
to Study Groups XIII/l and 11/5.) 
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Having access to global sources for information on a 
large scale based on huge populations, such group is 
potentially the ideal clearing house for this kind of 
factual knowledge. Furthermore, an organization, such 
as one chartered to be concerned with human fact~rs, 
without having its vista inherently focus sed on system 
patterns or on the mechanics pertaining to traffic ~n
gineering, would more likely make use of other collat
eral disciplines, such as are the various branches of 
experimental psychology. 

TRAFFIC ENGINEERING IN CCITT 

Traffic engineering problems in the CCITT are within 
the competence of Study Group XIII through its Working 
Party 2. Study Groups or, respectively, Working ~ar
ties deal only with approved "questions" assigned to 
them by the CCITT Plenary Assembly. These questions 
are raised by CCITT member operating organizations; the 
answers mayor may not be expressed as Recommendations: 
they may also be simply informative, or negative, or 
perhaps "nolo contendere." That a question has been 
raised and approved for study should be sufficient·,evi
dence of its relevance on efficiency or on other facets 
of practical operations, at least in international re
lations, and of being of sufficiently widespread inter
est. 

Therefore, examination of the nature of such questions 
will be indicative of some of the situations that wor
ries the traffic operating people in international 
practice, and perhaps of those problems on which they 
are most anxious to get help. 

QUESTIONS 

The questions assigned to Working Party XIII/2 during 
the 1968-1972 study period relate mainly to one of the 
following three classes of problems: to evolve methods 
that will yield increasingly significant representa
tions of international telecommunication traffic; next, 
to evolve methods that will yield increasingly realis
tic forecast for the future trend of the traffic; f i
nally, to arrive at a meaningful measure for the ~rade 
of service that is provided by the telecommunicat~on 
plant in response to a traffic demand. 

Admittedly, these three classes of questions represent 
but a small portion of those that traffic engineers must 
answer. It is also granted that, in general, they do 
not require sophisticated analytical skill to be resolved. 
Indeed, if realistic answers were found to them, one 
could relax, follow routine procedures, perhaps with ad
vancing technology or new applications bring about im
provements occasionally, but otherwise be free to become 
preoccupied with more fascinating questions. The stum
ble, unfortunately lies in the "if." Until such times 
when this can be eliminated, the three problems will 
have priority, notwithstanding of what was just con
ceded; and not only in international relations, but · for 
all kinds of teletraffic. 

Of the three the last one is the most intriguing and 
also the most evasive, due to the intangible nature of 
many of its facets. Since the Third Teletraffic Congress 
of 1961 increasing attention has been paid on this topic 
by participants of successive Congresses. Nevertheless, 
while some progress is visible, the answer still re
mains elusive. 

Typical of the grade-of-service questions that are dis
cussed by the Working Party are the following two: what 
should be the overall subscriber-to-subscriber grade of 
service for an international connection? what advantage 
is to be obtained by departing from the busy-hour basis 
of traffic engineering? Please observe the negative 
approach to the second question, rather than asking what 
advantages are obtained from the busy-hour concept of 
engineering? 
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SUBSCRIBER-Ta-SUBSCRIBER GRADE OF SERVICE 

Ever since telephone networks came into being the first 
question has been asked and was mused about by all kinds 
of people: telephone subscribers, regulating commissions, 
administrations and traffic engineers, though not often 
expressed as bluntly. Apparently, the Working Party was 
to assume only the traditional meaning: grade-of-service 
is a common measure for the comparison of service results, 
usually expressed as congestion, that is as some measure 
of delay to which an attempt is subjected, either because 
it needs to be repeated or must wait for service. 

At the present the prevailing view in the telecommunica
tion field about the grade of service is just about the r 

same as could be said nearly a quarter of a century ago 
(Reference 12): 

"These considerations may be summarized as follows: 
when all conditions and assumptions are well defined, 
it is possible with proper control of circumstances 
to obtain a fairly good agreement between the actual 
amount of loss and that predicted by probability 
theory. Therefore, by a quantitative specification 
of the grade of service, it is possible to compute 
the necessary number of channels. However, there is 
nothing in the theory which would permit fixing this 
grade of service other than perhaps its behavior under 
overload; the grade of service usually specified is 
based on the fact that in past experience equipment 
quantities, computed by mathematics according to such 
grade of service, proved to be the most satisfactory, 
both in the quality of service and to the economy of 
investment." 

From the traditional view which prevails at the present 
and considering both the state of art and economic real
i ties, the response proposed with the revised version 
of Recommendation Q95 is certainly the best that can 
be given. Nevertheless, one may expect that the same 
question will continue to be asked until arbitrary yard
sticks are superseded by some more tangible correspond
ence between network performance and service quality as 
accepted by the user. 

Such kind of correlation has a long-standing tradition 
in various aspects of telecommunication technology. A 
typical aspect can be found in telephone transmission 
performance: specifically those related to telephone 
instruments, local networks, echo and delay phenomena, 
and several others. This kind of approach is not for
eign to the CCITT and its predecessors: they have suc
cessfully pursued it for over half a century. Clearly, 
here is one of those situations where close collabora
tion with groups knowledgeable with human factors is 
called for. 

End-to-end grade of service needs to be limited, of 
course, just as transmission performance needs to be. 
The limitation must be functionally related to users' 
satisfaction, just as transmission performance must be. 
Complications arise because, with alternate routing, 
variable number of links may be employed in the same 
end-to-end connection, and also because of the diurnal, 
seasonal, secular and random fluctuations which govern 
its pattern. Furthermore, because of the varying com
munity of interest different subscribers have different 
patterns in their demands for end-to-end connections, 
so this also affects the distribution pattern for the 
number of links which they are using. 

One must keep in mind that corresponding complications 
also occur in transmission engineering, where perform
ance standards are established from the frequency dis
tribution of the number of links employed, from the 
distribution pattern of their individual transmission 
characteristics, and from . the moments of .these distri
butions. Presumably a good number of these parameters 
would also be applicable to traffic emgineering. 
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Ju~t as in transmission planning, these distribution 
and trunk characteristics may also be used to optimize 
total plant cost, by providing trunks in each segment 
accordingly and within the bounds of the overall grade 
of service standards. 

Eventually, the complications caused by the variable 
number of links will diminish in the future. Through~ 
out the history of telecommunications the switching 
segment cost increased in relation to the cost of 
transmission facilities. This was true regardless 
whether metallic conductors or communication satel
lites were used to carry intelligence. This year
after-year dramatic cost reduction of transmission 
means may well be unique in engineering technology. 
With continuing circuit cost reductions and correl
ative increase in traffic volumes one could predict 
that an ever-increasing share of traffic shall con
tinue to be carri~d end-to-end over direct trunks. 
Thus the distribution in the number of links in end
to-end connections will considetably be narrowed, and 
no significant dispersion needs to be considered in 
establishing numerical values for the grade of service, 

- provided that the concept for the latter is realis
tically chosen. 

BUSY-HOUR TRAFFIC ENGINEERING 

The way it was asked, the Working Party's response to 
the other question (what is to be gained by giving up 
the busy-hour concept) is again the best that can be 
said under the present conditions, that is until the 
grade of service concept is more rationally interpreted. 
It was concluded that the busy-hour basis, due to lim
itations in present traffic measurement procedures, is 
the only one recommended for the time being. 

Though useful, the busy-hour concept is just as arbit
rary as most of the other aspects of existing grade-of 
-service standards. Same fifteen years ago (aef!13) the 
author analyzed six potential grade-of-service objec
tives, out of almost limitless possibilities, as al
ternatives to the busy-hour basis, though still using 
the traditional trunk congestion concept. The analysis 
was limited to the interpretation and quantitative ~x
pre.sion of the meaning for each of the six alterna
tives, as well as to find, if feaSible, the interrela
tion between each and the conventional busy-hour basis. 
Potential advantages to be derived from replacement of 
the busy-hour en~ineering basis (and very likely there 
l-70uld be many) were not considered, because the obscure 
grade of service notion could not be mastered. Here, 
too, competent study of pertinent human factors should 
have been most helpful. 

REPEATED ATTEMPTS 

Toe preceding question induced the Working Party to 
propose a new one. It asked about the possible advan
tages to be gained by basing the grade of service cri
terion on the ratio of subscribers' repeated dialing 
attempts to the initial attempts, no matter for what 
causes. The question was followed by three corollar
ies, apparently in expectation of a promising result. 

The way the proposed question, including its preamble, 
was drafted, it is difficult for an outsider to envis
age what is to be accomplished. Clearly, conditions 
that compel customers to repeat their attempts, no mat
ter for what reason, are detrimental to good service: 
thus the level of repeated attempts is an indicator of 
service quality. Some reasons for repeated attempts may 
be because of plant misbehavior, or transmission diffi
culties, or confusion of the customer due to unfamiliar 
signals and announcements. If these could be identified 
it would help the pertinent branch to take steps for 
improvements. 
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However, as Working Party XIII/2 pertinence is in 
traffic engineering, it may be assumed that the mo
tivation for their raising this question is in its 
specific traffic engineering grade of service aspects. 
These aspects relate to network structure, to traffic 
operations, and particularly to the correlation be
tween grade of service, circuIt congestion and ade
quate provision of facilities. 

The question certainly represents a step in the right 
direction. That repeated call attempts are deforming 
customary grade of service aspects has been realized 
for a long time already, as were the difficulties in 
applying them at an advantage (or disadvantage) to 
grade of service standards. Typically, Reference 12 
discusses this together with other facets of the tra
ditional grade of service concept. 

Though not listed among the Working Party's references, 
undoubtedly the seeds for the new question can be found 
in Mr. I.E. Newstead's exquisite "The Choice of Grade 
of Service Standards", presented at the 1961 Teletraffic 
Congress in Paris (Reference 16.) Mr. Newstead demon
strated there conVincingly that, with the present grade 
of service standards, congestion due to limitations in 
trunking are insignificant, compared with the number of 
unsuccessful tries that are due to circumstances unre
lated to the structure of the telecommunication plant. 
Thus, being virtually unnoticeable to most of the users, 
congestion in trunking could conceivabl, substantially 
be increased without adversely affecting service. Now, 
the Working Party's corollary questions relate in some 
way to the extent to which congestion could be governed 
as Mr. Newstead assumed. Obviously, we are again in a 
spot where human factors are decisive. 

One of the basic dilemmas to overcome in the new ques
tion is that, as Mr. Newstead showed, with present stand
ards unsuccessful attempts caused by congestion are ef
fectively masked by others, therefore it is open to 
question whether the level of repetitions due to lack 
of an initial success would be a suitable indicator for 
the degree of congestion. The correlation between repe
titions caused by circumstances within and by those 
without the telecommunication plant must be weak if it 
exists at all. If the latter remains the dominant com
ponent, the overall repetition rate does not appear to 
be sensitive enough of an indicator for the quantitative 
value of the degree of congestion. 

Difficulties may further be accentuated by the extremely 
skew characteristics of the load-congestion relations. 
If, on the other hand, the permissible degree of con
gestion is raised to a level where the aforementioned 
masking effect of causes unrelated to trunking conges
tion cease to predominate, so that the trunking conges
tion can confidently and consistently be measured from 
the overall repetition rate, the resulting service 
quality may become unacceptable by the customers as 
well as by the administration. 

From the sense conveyed by the proposed question one 
may envision a sort of sampling program of call attemts 
to ascertain the prevailing grade of service. Presum
edly this is to be expressed through some measure of 
congestion derived from the percentage of successful 
attempts leading to conversation. 

(a) If statistical equilibrium could exist throughout 
a prolonged set of such sampling periods, perhaps over 
a series of busy hours, this sampling process could be 
considered as a set of' independent Bernoulli trials, 
with a constant probability of success, - 0.65 could 
be such a typical value. The probability of failure 
would include all causes: line busies, congestion, no 
answers, abandons, PBX station busies, plant troubles, 
perhaps dialing errors, and others. 
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Other things remaining the same, an increase of, say, 
one percent in congestion would raise the probability 
of failure to about 0.36. This could be detectable 
with an assurance of 0.90 after sampling some 10,000 
attempts, (about 5 such hours with 100 erlang loads 
each,) and with an assurance of 0.80 that the former 
states of 0.35 failure rates are not misinterpreted. 

(b) Unfortunately, the probability of success is far 
from being constant: it changes from hour to hour, at 
least. Instead of Bernoulli trials, one has something 
resembling Lexis trials, with perhaps reasonably con
stant probability of success within the hours but 
changing from hour to hour. The variance of Lexis 
trials is substantially greater than the variance of 
the binomial distribution. According to Uspensky, 
its divergence coefficient can even be arbitrarily 
large. 

(c) The hour-to-hour distribution of the failure rate 
may be considered as the convolution of two, under nor
mal conditions reasonably independent distributions: 
failures because of congestion and failures from other 
causes. It is the former that one wishes to peel off 
the heap. This distribution is produced through the 
hour-to-hour changes of traffic load. 

(d) Like several kinds of variations of sub groupings 
in telecommunication technology (Reference 13,) those 
between busy hours during the busy season can best be 
described by a Pearson Type III distribution. The 
bias, which is introduced into congestion values by 
this variable hour-to-hour traffic through the non
linear load-congestion relationship, can reasonably 
well be compensated through modifiers to the average 
load or through the use of appropriate trunk capacity 
charts. Thus, the average congestion can be made to 
correspond to the average loads over a series of con
secutive busy hours. 

(e) While the preceding situation is helpful to 
computation, it does not make the statistical analy
sis easier. Even where average load as well as av
erage congestion agree with prescribed values, the 
variance of attempts lost during congestion, caused 
by the hour-to-hour variations in the load, can con
ceal load-circuit provision discrepancies. Values for 
the coefficient of variation (standard deviation over 
mean) on the order of 0.15 during the busy season are 
quite common, and occasionally even higher. In con
trast, the standard deviat i on for the mean in the 
before-mentioned Bernoulli trial of 10,000 attempts 
is 0.0048. 

(f) There are various statistical tools available, 
(sequential analysis, regression analysis, variance 
and covariance analYSiS, control charts, and others) 
from which to choose the most productive one for the 
purpose. Nevertheless, to resolve the difficulties 
inherent in the circumstances which were described 
in (e) above, with adequate levels of assurance for 
correct estimates of the grade of service, (if such 
difficulties can be resolved at all) always seem to 
require increasing amounts of samples. Large scale 
samplings in telecommunications are costly; they usu
ally consume more time than wanted for operating and 
engineering support data; prolonged sampling programs 
may get distorted by trends which are then in need of 
additional rectification; and telecommunication oper
ating folks seem to prefer some tangible hardware to 
be put into use, instead of miles of erlangs on paper 
printouts in file. 

(g) The second addend in the convolution mentioned 
in (c) above is the distribution function of the ag
gregate of unsuccessful attempts less those caused 
by circuit congestion. This is likewise a stochas
tic function, though probably much less variable than 
the one discussed until now. Good statistical data 
are needed; until these are available one can only 
surmise that the ratio of these attempts to the total 
remains reasonably steady for a prolonged time in a 
given situation. 
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(h) If the duration of sampling studies is to be short
ened they need not to be confined to the busy hours. 
Besides, one of the desiderata on any new basis for the 
grade of service should be the elimination of the un
desirable burden of busy-hour engineering. On the other 
hand, if sampling is to continue beyond the busy hours 
then the diurnal variations must also be taken into ac
count. This procedure then conceals further the true 
state of congestion: while the total 24-hour congestion 
over a business day is on the order of 1.3 times the 
busy hour congestion, the level of the other unsuccess
ful attempts over the remaining traffic hours should 
show a different (quite likely a lesser) rate of decline. 

CONCLUSION 

The previous Teletraffic Congress of 1970 established 
formal collaboration between Teletraffic Congress and 
CCITT. By complementing their respective pursuits such 
collaboration may bring about benefits in several areas. 
One promising subject is the study of human factors in 
all facets of traffic engineering. This then could help 
to establish significant standards for the grade of serv
ice, which is one of the most basic, most elusive, and 
until recently the most neglected tasks of teletraffic 
engineering. 

Admittedly, the traditional grade of service concept is 
meaningful from strictly traffic engineering points of 
view, and has apparently also yielded satisfactory serv
ice results. Even so, it is coming more and more under 
attack as being arbitrary, often inefficient or uneco
nomical, and lacking realistic correlation between net
work performance and service quality as accepted by the 
users. In other words, figuratively speaking, a tele
phone connection that is delayed twice as long as an
other one may not necessarily, just for that, be twice 
as undesirable: it may even happen that because of other 
circumstances it could be more acceptable. That the 
concept has remained rigidly so long could be ascribed 
to an aversion to rock a venerable and serviceable boat, 
or to a lack of communications between management and 
engineering people as to its rationale. But more likely 
this has happened because less arbitrary criteria would 
not be discernible without thorough understanding of 
human factors. 

The approach to such advanced grade of service criteria 
would be analogous to the approach that has been suc
cessfully applied to transmission standards for over half 
a century. In transmission engineering, routine day-to
day procedures are based on the quantitatively estab
lished correlation between certain transmission quality 
aspects and transmission loss. In a similar way, for 
routine traffic engineering prescribed congestion para
meters could be used after their correlation with real
istic grade of service standards are established. Fi
nally, when quantitative relations between the various 
service quality factors (congestion, transmission per
formance, availability, cost, etc.) are known. rational 
engineering could become truly comprehensive. 

In assigning grade of service criteria to the various 
trunking segments, there should also be a reasonable 
correspondence with their relative importance in the 
overall communication system, lest shortcomings in cer
tain segments will spread to impair others out of pro
portion. Still, the cost of a facility should not de
cide the grade of service allocated to it. Services 
requiring costly facilities usually bring in premium 
charges or other compenaation: therefore their users 
are entitled to the regular service quality, at least. 
Conversely, it would be equally unjustified to discrim
inate against mass-consumer who provides the support of 
the basic telecommunication plant. The preceding 
thoughts did not mean to propose that equal grade of 
service to all users is necessary, or fair, or effec
tual. Judicious differentiation deserves consideration, 
as long as it does not become counterproductive. 
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Good service quality stimulates increased use, as can 
also be learned from transmission engineering experi
ence. Then the increased use reduces cost at an im
proved quality: ,thus stimulation proceeds in a feed
back circle. At the time of the next Teletraffic Con
gress telephony should complete its first century: 
still, thus far the telecommunication business shows 
no sign of saturation, nor did a competent and ethical 
operator has been known to go bankrupt. 
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