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ABSTRACT 

The pri nciple factors governing the overall grade of 
servioe are enumerated and considered in relation to 
the traffic-engineering problems that arise with growth 
of traffic. It is suggested that both dimensioning 
standards and overall grade-of-service are functions 
of the efficiency of the provisioning machinery in the 
operating organization concerned. 
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SOME GRADE-OF-SERVICE PROBLEMS 

1. Customer satisfaction lies in a reliable service at 
a reasonable oost, and with this in mind, we strive at 
these Congresses to optimize the adequacy and econo~ 
of plant provision. Jlainly we tend to be concerned 
with the optimization of individual sub-systems, and 
with the s~d.Y of partioular facets of the m8l\Y 
problems arising from call switching and traffic flow. 
Indeed, there is no aspect of the subjeot we call 
teletraffic that oannot be plumbed to unlimited depths, 
given time and resources, in the search for optimal 
refinement. But we must all be conscious how 
differently these matters appear when we are faced with 
practical realization against a background of 
continuous traffic growth and variability and their 
consequences. Not only are there factors operating 
in the field that often make nonsense of the 
assumptions and precision of our theoretioal work, but 
we have to function within the economic and policr,y 
constraints and influences individual to each operating 
organization. As pointed out by le Gall (1) the 
problems that arise are difficult and include aspects 
that are not strictly of a teletraffic nature. 
Nevertheless there m~ be value in identif,ying some 
of these aspects which, after all, provide the 
environment within which our theories and conclusions 
have to find meaningful effect. This calls for an 
attempt to see the traffic-engineering strategy as a 
whole and to consider what problems arise from the 
inter-relation of its various facets and their overall 
optimization to secure our objectives. 

2. The chance that a telephone call will fail due to 
congestion is given by 

where n is the number of switching stages (i.e. loss 
or delay points) taken into use for the call; 

Bi is the probability that all available cirouits 

are engaged at stage i at the moment the call is made. 
Our prime objective is to keep B at a level that, 
consistent with eoon~ ,does 0 not attract adverse 
comment from our customers. Beoause traffic levels 
vary so much throughout the day, week and year, the 
proportion of calls on which a telephone user meets 
congestion will depend largely on the hours and days 
when .he makes most of his calls. His opinion of the 
quality of service, as regards congestions, will be 
influenced by the average value for B that he obtains 
as a result of his personal sampling 0 of the service 
and to some extent by what he has become oondi tioned to 
expect. He will remember especially aqy personal 
inconvenience he suffers when he meets congestion or 
his call fails for other reasons, and he will probably 
also remember persistent difficulty in ~ particular 
direction. Each subscriber will have his own personal 
appraisal of the system which will be greatly 
influenced by the pattern of his calling habits. Thus 
the service experienced from a business telephone used 
for the 6 or 7 busi est hours in the day, and frequently 
in the bu~ hour, will be different from that experienced 
from a residence telephone from which calls may be no 
more likely to be made in the busy hour than at aqy 
other time. The customer's view of the grade of 



servioe will also vary with his use o~ the servioe. 
Suppose that the servioe in a given urban network is 
suoh that the chance o~'oongestion averages .01 over the 
working d~. A residence subsoriber who makes an 
average o~ 2 calls a d~ will be liable to encounter 
~ongestion only once eve~ 50 d~s or more. On the 
other hand a business subscriber making 20 calls a d~ 
will meet with congestion on the average once a week; 
even so, because he will be making calls which 
frequently find the " called party engaged, especially 
in the bus,y hour, he will be unlikely to attribute the 
~ailure o~ particular oalls to congestion. Does this 
mean that a local overall service congestion standard 
o~ .01 over the d~ is extravagently good? Could the 
probability o~ congestion be, say, doubled without 
penalty? And if so, with what e~~ect on the economics 
o~ the service? 

3. While a oongestion standard in tenns of the working 
d~ has its attractions, because it can be continuously 
monitored side by side with other service standards 
through the normal service observation system, it is 
convenient and customa~ to ~ix standards ~or 
individual groups o~ oircuits on a busy-hour basis. 
The critioal value o~ B chosen ~or a given type and 
size o~ group will be the objective bus,y-hour grade o~ 
service, not normally to be exceeded, at the date the 
group is due to be augmented. In a growing system 
the plant is being continuously augmented on eaoh 
oocasion to provide ~or one, two or three years' 
growth (or more) according to the type o~ circuit and 
the policy of the operating organization. At what 
int"ervals plant additions are made is eoonomically 
a function of the rate o~ growth though other ~actors 
enter into consideration. Immediately ~er a group 
is augmented, however, the probability o~ oongestion 
will usually be negligible, and in ~act over most of 
its lif'e the grade of service on a group o~ circuits 
in a growing system should be substantially better than 
the critical standard. Except, perhaps, for groups 
within the same exchange, not all groups exhaust or are 
augmented together, and at B.l\Y given time a high 
proportion of the groups in a growing network will be 
c~ing a margin o~ capacity. Even in the busy hour, 
there~ore, on an average call, the values o~ most o~ 
the quantities B1 B2 ••• Bn will be small or virtually 

zero, and the overall grade o~ service B will be 
mainly governed by the conditions on aqyo link or links 
in the chain of connexion at that moment congested, 
normally because o~ approaching exhaustion. Non
coincidence of route bus.y-hours, where it applies, is 
also helpful in oontaining the overall grade o~ service, 
but is a significant ~actor mainly in the larger 
countries and over ve~ long distance calls. These 
are no doubt reasons wny the overall grade of servioe B 
on given types o~ call is less i~uenced by the 0 

number of links taken into use than might otherwise be 
expeoted; and also wQy the overall standard o~ servioe 
experienoed by users is ve~ much better than the 
figure obtained by adding together oritical ~rades of 
servioe for the various links in the chain, (an 
exception being made perhaps in respect of calls wholly 
within an exchange that is due for extension.) Hence 
in a growing network (and presumably they are all 
growing) the overall grade of service enjoyed by users 
is governed more by what happens as each separate group 
of oirouits approaches exhaustion (whether as planned or 
prematurely) than by the number o~ links in the chain or 
by their joint critical dimensioning standards. The 
number of links is, however, significant in the sense 
that the greater the number o~ links, the greater is the 
chance that one o~ them will be approaching congestion 
at ~ given time. The dimensioning standards of 
individual links are significant in the sense that the 
more stringent the~ are the less able a group 
approaohing exhaustion will be able to sustain an 
overload without serious congestion ocourring. 

4. Examination of the factors involved as a group of 
cirouits approaches exhaustion and is augmented covers 
a wide range of topics. Obviously an important ~actor 
is the critical bu~-hour grade o~ service that we 
choose to employ as the bas:i.s of' dimens:i.on:i.ng f'or a 

given ~e of group. In the interests of economic 

522/2 

operation o~ the network these grades of service should 
be, and generally are, related to the cost as well as 
the ~unction of the different types o~ circuit group in 
the network. Now the costs of circuits vary ver.y 
widely indeed, from a few pounds to maqy thousands, • 
whereas the range of grades of service from whioh we can 
choose, and ensure on the one hand an acceptable quality 
of service and on the other avoid extravagence, is 
comparitively narrow. A pro rata relationship between 
the cost of a given type of circuit and the grade of 
service for groups of that type is therefore not feasible. 
In practice the customer has to pay higher charges for 
calls over the more expensive circuits in return for a 
basis of provision that ensures an acceptable grade of 
service over such circuits. The bases of provision of 
plant for the various types of link is accordingly 
determined within each operating organization largely by 
subjective judgement supported by practical experience 
over mB.l\Y years, the decision being influenced largely 
by conditions within the organization itself, inoluding 
its practices as regards traffic measurement, estimating, 
provisioning and traffic-engineering. The situation as 
so described appears not to have changed ve~ muoh sinoe 
Dr. Molnar (2) demanded a solution at the 4th Teletraffio 
Congress. However, in a growing system and under 
conditions of perennial oapital restraint there is a 
continual testing and reappraisal of standards 
indicating where to let out and where to draw in. We 
have moved a long w~ from the original standard grade 
of service of .002 adopted in the ear~ '20s in the UK 
for all types of group in exchanges and local networks. 
Both the relative and absolute values for grades of • 
service at different types of group can have important 
effects on the economics of the system: the former is 
a matter of relative cost and function; the latter is 
subject to a variety of considerations. The crux of 
the quest i on is how far one's traffic-engineering and 
plant provisioning arrangements are capable of 
preventing or eradicating congestion as groups approach 
exhaustion - especially on routes commissioned to more 
stringent standards - or how far the chosen grade of 
service standards are generous enough to keep the system 
out of trouble most of the time. 

5. The traffic-capacity tables used for dimensioning 
reflect the standards of provision that have been 
determined for each ~e of link. These tables m~ 
however be calculated in two w~s; either 

(a) to give nominal~ a fixed busy-hour grade of 
service irrespective of the size of route (or 
volume of traffiC), 

or (b) to give a busy-hour grade of service which 
improve S '.vi th the size o~ route (or volume of 
traffic. ) 

The validity o~ provision tables of ~e (a) has been 
questioned by Erlang (3), Brockmeyer (4) and others. 
In general it is asserted that tables of type (b) ensure • 
more economic provision than type (a) while safeguarding 
the grade of service on large groups, which would 
otherwise be too sensitive to the fluctuations of traffio 
intensity met with in practice when approaohing their 
specified capacity. Contrariwise, if a constant-
grade-of-serVice basis is adopted which allows for the 
sensitivity of large groups, the smaller groups will be 
wastefUlly provided. (It would seem that the constant
grade-of-service basis, used in conjunction with the 
O'dell formula for graded groups, has served its purpose 
for so long only beoause that formula unintentionally 
allowed a margin o~ capacity (up to 10%) over the 
specified capacity of gradings, as stated by Harmston (5) 
at the Third Teletra~fic Congress. It is to be hoped 
that this aspect is not being overlooked when grading 
capacities are re-calculated by traffic simulation or 
other more precise methods). As is well-known several 
alternatives to the constant-grade-of-service basis have 
been put f.orward from time to time including those of 
Moe, Christensen, Molina etc. A basis adopted by the 
UKPO was described in a paper (6) given at the 3rd 
Teletraffic Congress. It has to be admitted that type 
Cb) standards are less convenient, f'or some purposes 
than those o~ type (a) because, with tables of type {b), 
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values cannot be assigned to B. etc. without a 
knowledge of the sizes of the ~roups taken into use, 
though average values m~ perhaps be calculated given 
the distribution of group sizes. However, the 
allowance of a reasonable margin to give large groups 
a resilience against transient or unexpected 
fluctuations in traffic intensity is clearly hi ghly 
desirable as a contribution towards containing the 
overall grade of service. 

6. Dimensioning tables are applied to figures of 
recorded traffic or to estimates of traffic derived 
from the erlang records. We must perforce take 
traffic records over a series of busy hours in order to 
secure a representative average figure. But the effect 
of the daily variation in the average traffic intensi~ 
is to produce a traffic figure averaged over the d~s 
of record which will tend to be lower the more busy 
hours that are covered by the record, and the lost calls 
(and the variance) (even assuming pure-chance 
incidence of traffic) will be greater than the values 
produced from the standard available theoretical 
formulae used for compiling tables, which assume pure 
chance incidence of constant intensi~. Nevertheless 
there seems to be no alternative at present to the use 
of these formulae. If the number of recorded busy 
hours is increased it is therefore necessary, in order 
to maintain the same quali~ of service, to use the 
grade of service tables for dimensioning in a w~ 
which ostensibly gives a better grade of service, or to 
~hange to a different grade of service concept • 
Povey (7) at the last Congress explained how, when the 
UK changed from 3 day to 5 d~ records, the resultant 
traffic figures could riot be applied to the original 
tables without degrading the service. This leads to 
the principle, alreaqy acknowledged for international 
circuits (Wright (8) ), that grades of service cannot 
be specified meaningfully without stating the origin 
of the erlang quantities to be used, e.g. 

.02 over 3 consecutive busy hours 

10% margin above .04 over 5 consecutive busy hours 

.ox over 12 highest bu~ hours of the year and 
so on. 

It is of course equally necessary, for a full 
specification, to state the mathematical or other basis 
of the traffic quantities in tables purporting to give 
such grades of service. The choice of the number of 
d~s on which to base traffic records is therefore ' a 
decision of no less importance than the choice of a 
grade of service. Also, if records are taken for 
limited periods and at intervals there is the 
important choice of a representative period on which to 
base traffic estimates for purposes of provision. 
Should periods of excessively high traffic be excluded 
and if so why? The answer no doubt lies in how far 
the customer will excuse short periods of congestions 
if they occur at long intervals, or are associated with 
events such as holidays when there is general pressure 

'on public services. 

7. In principle, traffic measurement should extend 
over more days for small routes than for large routes, 
in order to achieve a stable representative figure for 
average traffic. Unless traffic recording is 
continuous ', however, this is difficult and expensive to 
arrange throughout a whole network. In consequence 
the measured traffic on small routes may be less 
reliable than that on large routes. Unless this can 
be corrected the strictly economic "constant 
improvement" basis or provision may be too stringent in 
respect of small groups, and is perhaps a reason for 
adopting a scale of provision which, while improving 
the grade or service with size or route, does not 
tailor the small routes too closely to the economic 
figure. 

8. Given a sound basis of dimensioning, the 
preservation of the overall grade of service is largely 
an operational matter, but one of great complexity, in 
which the teletraffic expert will rind problems that 
need solution. The starting point is the measurement 
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and recording of erlangs for every group in the system. 
Ideally such records should be continuous and should 
record not only erlangs but provide a measure of 
variance in appropriate cases. In practice, at least 
i n the UK, we are far from the ideal. The purpose of 
the erlang records should be to enable a representative 
figure to be determined as the base-line for an 
estimate and perhaps to indicate a growth trend. Our 
experience is that growth trends on individual routes 
based on erlang records are in general not suffiCiently 
dependable, and a ~stem of forecasting based on area or 
exchange growth rates, moderated by the individual 
erlang records as appropriate, is more manageable. 
This process is described in more detail in Leigh's 
paper presented to this Congress. From these forecasts 
schedules or requirements for the next and subsequent 
years are drawn up from which programs for obtaining 
additional plant are derived, and also arrangements are 
initiated for augmenting groups of external circuits 
from available spare cable pairs. To give this system 
even a reasonable chance of working efficiently the 
traffic figures must be truly representative, the 
forward period over which a forecast has to be made must 
be as short as possible and the provisioning machinery 
must be geared to the completion of installation and 
the connexion of circuits on time. No doubt these 
matters are ordered better in some countries than in 
others, but even under the best conditions the hazards 
attached to forecasting and unpredictable changes in 
traffic level make it inevitable that they will 
produce sometimes too much and sometimes too little 
plant in places. In the latter event there will be 
congestion before the date for augmentation of the group 
concerned, often calling for urgent remedial action. 

9. The identification of congestion from erlang records 
is subject to serious limitations. In theory, a 
critical erlang capaci~ can be calculated and action 
initiated when the recorded traffic approaches or 
passes this level. But congestion due to unbalanced 
gradings (particularly or the O'dell ~e) will not be 
identified. Nor will congestion due to traffic of 
high variance; and where traffic has a low variance 
(smoothing) a ralse alarm m~ be given and unnecessary 
action m~ be taken. Erlang records need therefore to 
be supported by records of lost calls (overflow records 
or time-congestion records); but these are unfortunately 
not entirely satisfactory since they are recording a 
highly variable quanti~, and the records cannot be 
acted on without an investigation of possible causes. 
Moreover, lost call records indicate congestion after 
it has occurred, and represent a failure to preserve 
the service quali~. 

10. The whole process so briefly and inadequately 
described in the above paragraphs is a highly 
expensive one, and cries out for improved techniques of 
traffic-engineering (and perhaps comprehensive 
computerization). Even when congestion has been 
identified, remedial action at short notice is not always 
readily to hand. Designers of switching systems do not 
always provide facilities in their equipment that are 
conducive to close tailoring of plant to traffic. 
There is clearly an optimization to be established 
between the costs of trafric recording and processing 
and the various refinements of practical traffic
engineering necessary to ensure plant adequacy at all 
times, and the plant costs and service penalties that 
result where less refined methods are used. 

11. In the meantime we must be reconciled to the facts 
of the present situation. Service observations afford 
a useful index of the extent of congestion in the system 
and its component networks (provided busy-tone due to 
the plant-engaged condition can be identified by the 
observers) and the establishment of targets (s~ .01 
for local calls and .02 for trunk calls over the 
working day) can be a valuable pointer to the need for 
investigation, but otherwise they are mainly of value in 
influencing overall planning . Because much higher 
percentages of calls fail for reasons other than 
congestion (e.g. called-party busy) such target figures 
are not critical or absolute and leave room for some 
tolerance without penal~, (though the use or verbal 
recorded announcements to indicate congestion removes 
so.me degree of freedom in this connexion). But, as 



has been suggested earlier in this paper, the observed 
congestion figures may conceal wide local fluctuat i ons 
over the period the observations are taken. They are 
really an index of the efficiency of the provisioning 
machinery, from traffic recording, through estimate to 
ordering and supply, and its success in augmenting 
groups at or before their exhaustion point. The 
answer to the questions posed at the end of paragraph 
2 would appear to be ~at the standards could not be 
lowered without assurance that the machinery for 
up-dating the plant is capable of ensuring that the 
occasions when a group passes its exhaustion point are 
minimal. Similarly, in addition to other factors 
that have been mentioned, the grade of service criteria 
establi shed for individual groups must allow such 
margins for traffic increase and variation as the 
operation of the provisioning machinery in the country 
or network concerned customarily calls for. 
Obviously ~es of group provided to the poorer grades 
of service justi~ more attention and expense in this 
respect than others, and alternative routing, when 
available, reduces the problem substantially. 

12. Conclusions: 

1. The " overall grade of service experienced by 
each customer is governed by his personal sampling 
pattern. 

2. On any particular chain of connexions the 
grade of service i s dictated by the condition 
of a~ group or groups approaching exhaustion. 

3. A relationship should be established between 
grade of service and the cost and function of 
the type of group concerned. 

4. The grade of service should improve wi th size 
of group, mainly to safeguard the service on 
large groups. 

5. The speci fication of grades of service must 
include reference to the origin of the traffic 
figures. 

6. The permissible level for grades of service 
for dimensioning purposes is a function of the 
refinement of the provisioning organization. 

7. Even under the best possible conditions 
congestion calling for urgent remedial action is 
inevitable. 

B. There is a complex but important 
optimization to be established between the costs 
of close tailoring of plant to traffic and of 
more generous provision to minimize congestion. 
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