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ABSTRACT 

The paper describes a method of calculating approximate 
delay distributions in terms of the first two moments of 
the holding time distribution, when the standard deviation 
is not greater than the mean, using standard delay curves 
based on constant and negative exponential holding time 
distributions. The accuracy of the method is assessed 
by comparison with exact computations for the Er1angian 
distribution. The effect of the third moment on delay 
distributions is investigated in relation to the 
Erlangian and hyperexponentia1 distributions • 
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Traffic in er1angs. 

Average call holding time. 

Coefficient of variation of call holding time. 

Average delay on all calls. 

Probability of delay exceeding t for the latest 
arrival, given that there are n previous calls 
in the system, the first of which is being 
served in stage y or class y. 

Probability of delay exceeding t for the latest 
arrival, in the situation where all stages have 
the same distribution of service time. given 
that r stages remain to be completed before the 
latest call is served. 

Number of · stages per call or classes of call. 

Probability of no calls in the system. 

Probability of n calls in the system, one being 
served in stage i or class i. 

Probability of r stages in the system, being 
served or waiting. 

Probability that i stages have total duration 
between t and t+dt, and that r calls arrive 
during that time. 

Call holding time or delay, in context. 

Approximate delay calculated from xc' 

Approximate delay calculated from ~E' 

Delay read from constant holding time curves. 

Delay read from negative exponential holding 
time curves. 

Reciprocal of average holding time in stage i or 
class i. 

l/oi' 

Reciprocal of average holding per stage or class. 

Probability of belonging to a distinct class i. 

Third moment of holding time distribution. 

Probability that a test call waits through i 
stages of service of total duration ~t. 

1. INTRODUCTION 

Whilst· the recent output of literature on queueing theory 
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is very considerable, there are still serious gaps in the 
available information on the numerical solution of 
queueing problems. This particularly applies when the 
call arrival distribution, holding time distribution, and 
queue discipline are other than Poisson, negative 
exponential and first-in-first-out (FIFO) respectively. 

This paper describes an approximate method of determining 
the delay distribution for a single trunk with arbitrary 
holding time distribution and Poisson input. It is 
applicable provided the delay distribution has been 
calculated for negative exponential and constant holding 
time distribution with the appropriate queue discipline, 
and the coefficient of variation (i.e. ratio of standard 
deviation to mean) of the holding time distribution lies 
in the range 0 to 1. 

The accuracy of the method will be investigated in the 
light of a study of the delay distribution for a single 
trunk with Poisson input and Erlangian or hyperexponential 
holding time distribution, which are commonly used as 
approximations for empirical distributions (-1.2). In 
accordance with standard practi·ce these systems are 
denoted MIEkll and MIREll, the first symbol referring to 
the input distribution, the second to the holding time 
distribution, and the third to the number of trunks. 
Analyses of the queueing systems assuming Ek and HE 
distributions are sometimes known as the methods of serial 
and parallel stages. respective1y(2). 

2. DESCRIPTION OF METHOD 

For a single-trunk system with Poisson input, the delay, 
averaged over all calls, is given by the Pollaczek
Khinchine formula(2), viz. 

E(w) a(l+C2 ) 
-b- - 2"(f=ci) 

This formula applies to any holding time distribution. 
Hence, the average delay depends only on the mean and 
standard deviation (i.e. on the first two moments) of the 
distribution. The proposed approximation is based on the 
conjecture that the delay distribution likewise depends 
only on the first two moments of the holding time 
distribution, with sufficient accuracy for practical 
purposes. 

Essentially the method uses two sets of standard delay 
curves,(see e.g. Reference 3), for negative exponential 
(C-l) and constant (C-O) holding time distribution, to 
derive two approximate estimates of the delay exceeded 
with a specified probability for a given traffic load. at 
any intermediate value ·of C. If the method were exact, 
these two estimates would agree. The final estimate is 
obtained by interpolation. (A similar approximation 
using constant holding time curves only has been suggested 
by van Bosse(7).) 

Suppose we require to determine the delay t which is 
exceeded with probability p(>t) for particular values of 
a and C (O<C<l). The procedure is as follows. Read 
off the corresponding delays Xc and XNE (in terms of 
average holding time) from the appropriate constant and 
negative exponential delay curves respectively. It is 
usually worth while calculating first approximations 
based in the separate curves, as they may be in close 
agreement, rendering interpolation unnecessary. These are 
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t - x b(1+C2) c c 
t - x.. b(l+C2)/2 NE NE and 

Interpolating in proportion to C2 we have 

t - C2~. +(1-C2)t 
~NE c 

or t _ { ~2 "NE+(1-C2)xc }b(l+,,2) 

With heavy traffic, it has been shown(9) that the waiting 
time distribution in an N-trunk queueing system with 
independent inter-arrival times, arbitrary holding time 
and FIFO service, approximates to that of a single-trunk 
system with the same arrival times, and holding t~s 
Sn/N, where Sn is the holding time of the nth call: thus, 
the holding times in the multi-trunk system and the 
equivalent single-trunk system have the same coefficient 
of variation. It follows that the approximate method 
of determining delay distributions for single-trunk 
systems is also applicable to FIFO multi-trunk systems 
with heavy traffic. Its applicability under other 
conditions has not yet been investigated but is a 
reasonable conjecture. 

Example: 

Determine the delay t exceeded with probability 0.01 for 
the following case:-

1 trunk. 

Random order of service. 

Traffic - O. 60E. 

Average holding time b - 0.60 s. 

Standard deviation of holding time - 0.42 s. 
(C - 0.42/0.60 - 0.70) 

The delays exceeded with probability 0.01, for constant 
and NE holding times, are 

x - 6.3b (Reference 3 or 6) 
c 

~E - l4b (Reference 5, Figure 8) 

The approximate delay for C - 0.70, based on constant 
holding time curves, is 

t - 6.3 x 0.60 x 1.49 - 5.63 s c 

The approximate delay for C - 0.70, based on NE curves, 
is 

14 x 0.60 x 1.49 _ 6.26 s 
tNE - 2 

The interpolated value is 

t - 0.49 x 6.26 + 0.51 x 5.63 - 5.94 s 

Delay curves can be constructed for any specified value 
of C by plotting t against p(>t) for a range of values 
of a, or t against a for a range of values of p(>t). 

3. COMPARISON WITH ERLANGIAN HOLDING TIME DISTRIBUTION 

The Erlangian distribution was chosen for the purpose of 
checking the foregoing approximation because it is 
relatively easy to compute (at any rate for FIFO service), 
and covers the range of holding time variation which is 
of greatest practical interest in telephony (O<C~l). 
Moreover, it permits variation of the third moment while 
keeping the first two constant, as a check on the 
conjecture mentioned in Section 2. 

This distribution is based on the postulate that the 
holding time of a call consists of a number (k) of 
independent stages, each having negative exponential 
distribution: at the end of each stage, the call passes 
immediately to the next, without interruption of the 
connection. The stages need have no physical meaning: 
the postulate is designed to take advantage of the 
simplifying memory-lacking property of the negative 
exponential distribution. If all stages have the same 
mean holding time, the Erlangian distribution is 
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equivalent to the gamma distribution with p.d.f. 

(k/b) (kt/b)k-lexp{-kt/b} 
(k-l)! 

where k - number of stages 
t - total holding time of a call 
b - average value of t (in subsequent analysis it 

is assumed b - 1). 

3.1. Moments of Erlangian distribution 

If the mean holding time of the ith stage is l/ai, its 
variance is 1/ai2 • Hence the total holding time of k 
stages has 

k 
mean value l (l/a.) 

i-I 1 
variance 

and coefficient of variation 

k 
l (l/a/) 

i-I 
C - ...:.::.-:kF----

l (1/a.) 
i-I 1 

k 
L (l/a .2) 

i-I 1 

It can be shown that O<C~l. 
same holding time I/o, then 

If all stages have the 

C - L 
Ik 

The third moment can be expressed as: 

where a3 is the elementary symmetric function(8) of 
degree 3, C is the coefficient of variation and 
Vi - l/oi. We consider the range of possible values 
for ~3 when C is fixed, in the particular situation k • 3. 
This is equivalent to finding the extreme values of 
VIV2V3 subject to the constraints: 

Vi > 0 

h. - 1 1 

h i
2 

- c2 

By expressing V2 and V3 in terms of V, using (2) 
we can follow the behaviour of ~3 as VI varies, 
establish the bounds: 

6C2~~3~6C2+l/9 [2 (JCLl)] 3/2 [113~C2~1/2J 

6C2~~3~6C2+l/9{ (5-9C2) +12 (3C2_l) 3/2} [1/2~C2d] 

(1) 

(2) 

(3) 

and (3) 
and hence 

(4a) 

(4b) 

Notice that in a 3 stage system the minimum and maximum 
values of C2 are 1/3 and 1; the former occurring when 
all three stages are identical (each with y - 1/3). the 
latter when the system degenerates to a single effective 
stage (VI -1; V2 - V3 - 0). 

3.2. Distribution of delays 

3.2.1. FIFO service 

In the situation of first-in-first-out service. it is 
well known(2) that Laplace transform techniques offer a 
straightforward means of calculating the probability 
4istribution Wet) for call delays. Specifically. if 
B(s) is the lap lace transform of the holding time 
distribution, then 

w(s) _ I-a 
s-a+alHs) 

For a k-stage Erlangian distribution we have: 

ITCS 

• 
• 

• 

• 

• 

• • 



• 
• 

• 

• 

• 

• • 

B(s) _ IT ___ 1_' k (C1. ) 
i-I s+C1 i 

80 that W(s) is a rational function of s, and the 
inversion integral can be evaluated by standard partial 
fraction methods. 

Figure 1 shows typical delay probability curves for all 
calls (including those not delayed) assuming equal 
average holding times for all stages, for high and low 
occupancies (a - 0.9E, a - O.lE). (See also Table 3). 
The curves for k - 1, k - ~ correspond to negative 
exponential and constant holding times respectively. The 
latter is based on Crommelin's formula(4). One of these 
curves exhibits cusps at each complete holding time, which 
do not appear with finite k, however large, Points of 
inflexion have, however, been observed in curves for 
k - 50, and it is conjectured that these exist around each 
unit of holding time for all values of k>l and a<l. 
Similar curves have been prepared for a wider range of 
occupancies and delays, and have been used to check the 
accuracy of the approximate method described in Section 2, 
in the case of Erlangian distribution. Some results are 
shown in Tables 1 and 2. In all cases, it was found 
that the exact value lies between the constant and 
exponential approximations. With high loading, the two 
approximations are in good agreement, and interpolation 
is hardly necessary. With lower loading, the 
interpolated values are in good agreement with the exact 
values. 

Figure 3 shows delay probability curves (including 
delayed calls only) for the case k - 3 with unequal 
stages. The stage durations are adjusted to give the 
greatest possible range of third-moment values (~3) while 
keeping the first two moments constant. The mean holding 
time is 1 and the coefficient of variation (C) is l/Ii, 
i.e. the value of C for two equal stages. Only C11 and ~3 
are shown; the values of C12 and C13 are of course dependent 
on C11' The bottom curve of each bundle represents the 
degenerate case when one stage has zero duration, so there 
are effectively two equal stages. The spread of the 
curves is small, particularly for medium and high traffic. 
It must, however, be borne in mind that the range of ~3 
obtainable with three stages for fixed C is small, so 
further investigation will be necessary with higher 
number of stages, and possibly other distributions, to 
obtain a complete picture of the effect of varying the 
third moment. 

3.2.2. Random order of service 

Although Laplace transform methods do exist for this 
discipline, (see, for example, Reference 10 page 430), 
numerical evaluation of the resulting expressions appears 
to present considerable difficulties. In situations of 
light traffic it seems preferable to return to more 
direct methods. We have used two such methods - the 
first being the traditional approach via equations of 
statp.. 

Since we are assuming Poisson input, the probability of 
a call arrival in a short time dt is adt, while if a call 
is being served in stage i, the probability of a 
transition to the next stage (or a call ending in the 
case i = k) is C1idt. Hence, assuming a state of 
equilibrium, the following equations apply: 

(a+a.)p .• ap 1 .+0. lP . l(n>l,l<i~k) 1 n,1 n-,1 1- n,1-

The probability that the trunk ' is occupied is 

ITea 

which is numerically equal to the traffic carried in 
erlang. 

If all stages have the same average duration (1/C1), then 
the state of the system can be completely specified by 
the number of stages awaiting completion of service, 
including the one being served. If the system contains 
n calls, one of which is being served in stage i, the 
number of uncompleted stages is 

r - l+(k-i)+(n-l)k - nk-i+l 

so that Pn,i can be replaced by Pr' 

The distribution of delays can be determined as follows. 

Let.F~,i be the probability of a delay~t for a call 
arr1v1ng when n other calls are in the system (n>O), of 
which n-l are waiting, and one is being served in stage i. 
Clearly Fn,i(O) - 1. Suppose that n and i refer to the 
state of a system at the time to when a new call (not 
included in n) arrives: this will be described as , the 
test call. 

The test call may be delayed for at least t in one of the 
following ways. 

(1) A new call arrives in the short time interval to, 
to+ot with probability aot. Neglecting the 
probability of more than one event in this interval, 
the test call is delayed for at least t-ot after the 
end of the interval, with probability F 1 .(t-ot). 

n+ ,1 

(2) The call being served passes from stage i to stage 
i+l (assuming i<k) with probability C1iot. The test 
call is delayed for at least t-ot after the end of 
the interval, with probability F . l(t-ot). n,1+ 

(3) The call being served is in the last (kth) stage, 
which terminates with probability C1kot. The trunk 
is seized by one of the n-l waiting calls, other 
than the test call, with probability (n-l)/n. The 
test call is delayed for at least t-ot after the 
end of the interval, with probability Fn- l l(t-ot). , 

(4) There, is no change in the system, with probability 
l-aot-C1iot(l~i~k) 

F . (t)KaotF +1 .(t-ot)+C1.otF . l(t-ot) n,1 n,1 1 n,1+ 

+(l-C1ot-C1.Ot)F . (t-ot) 1 n,1 (1~i<k,n>O) 

(n>O) 

Re-arranging and letting ot~ we have 

dF . (t) n,1 ' 
--d~t~-- = aF +1 .(t)+C1.F ·+l(t)-(~+C1.)F .(t) n,1 1 n,1 1 n,1 

(n>O .l~i <k) 

These equations can be solved directly by the matrix 
exponential method. This method, however, does not 
readily produce numerical results, and an approximation 
is necessary. An alternative method has therefore been 
used which is briefly as follows. 

Let ~i(t) a probability that test call will wait through 
i stages of total duration~t before being 
served. 
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Clearly ~o(t) = Po for t~O 

To find ~l(t) we proceed as follows.It is assumed that all 
stages have the same average duration (ai-a). The call 
being served when the test call arrives must be in the 
last (kth) stage of service. When the server becomes 
free, the test call is picked for service with a 
probability depending on the number of waiting calls. The 
waiting call can be divided into three classes. 

(i) Those calls which are already waiting when the test 
call arrives. The probability of j calls in the 
system (j-l waiting) one of which is being served 
in stage k is p. k' 

J, 

(ii) Calls which arrive while the served call passes 
through the kth stage. The probability that i 
stages have total duration between t and t+dt, and 
that r calls arrive during this time, is 

r 
P .(t)dt _ exp{-at/a}{at/a) 
r,1 rl 

i-I a(at) ej}{-at}dt 
• (i-l I 

(iii) The test call. 

The total number of waiting calls is (j-l)+r+l-j+r 
so the probability of the test call being picked 
for service is l/(j+r). 

t 

~l(t) - J dTI I Pj,k 
o j-l 

Expressions for ~i with i - 2, 3, ••• can be 
derived in a similar way. The general result is 

I Pj,k-i+l 
j-l 

(~+l is the region defined by Ti~O 

As an example, with a - O.lE and k • 2, the delays 
exceeded with probabilities 0.01 and 0.001, calculated by 
this formula, are 1.85 and 3.65 holding time respectively. 
The corresponding values obtained by the approximate 
method described in Section 2 are 1.64 and 3.49 
respectively. The approximation is derived from curves 
contained in References 3, 5 and 6. Some points in the 
Reference 5 curve were recalculated for greater accuracy. 
Thus the agreement between the approximation and the 
theoretical value is of the same order as for FIFO service 
(Table 2). 

4. FEASIBILITY OF EXTENDING RANGE OF APPROXIMATION 

In view of the good agreement between the exact and 
approximate results in the case of Erlangian holding time 
distribution, it was decided to investigate the 
possibility of devising a similar approximation for 
holding time distribution with C>l. By plotting a 
limited number of exact curves in this range of C, 
approximate delay probabilities for any value of C might 
be obtained by interpolation: indeed, a rough 
approximation might be obtained from the negative 
exponential curves alone, calculating tNE is explained in 
Section 2. To decide whether such approximations were 
sufficiently accurate to apply to empirical distributions 
generally, it was necessary to investigate the effect of 
the third moment of the holding time distribution in the 
delay distribution. 

The simplest distribution to . analyse for the purpose of 
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computing delay probabilities for the range C>l it the 
hyperexponential. It is derived by postulating a 
popUlation of calls belonging to k distinct classes with 
probabilities ~l' A2 •••• Ak where 

k 
I 

i-I 
L - 1 1 

calls in class i have negative exponential distribution 
with means l/ai, so that the p.d.f. of overall holding 
time is 

k 
q (t) - I 

i-I 

4.1. Moments of the hyperexponential distribution 

We find immediately: 

k A. 
Mean holding time - I ' ~ - 1 

i-I a i 

Variance of holding time -
A. 
..2:-
a. 2 

1. 

k L 
(2 I _1. 

i-I 0. 2 

Coefficient of variation C - i k (A. \ 

I ~ 
i-I 1Jol I 

I 

J 
J 

~ 5:-)2 '('~r ' Ai ~I A~_ ! a i 1. i-I 0. 2 i-I 1. i-I 
1. 

but( k \) 2 (k I - - I 
i-I ai i-I 

(by Schwarz's inequality with equality holding iff 

Ii:': 
_1 _ Kn::- for every i). 

a. 1 
1 

Thus C~l with 'equality iff the p.d.f. reduces to a single 
exponential. By a suitable adjustment of the Ai's and 
oi's, C can be made arbitrarily large. 

Consideration of the third moment will be restricted to 
the case k-2, with AI-A and A2-l-A. 

Taking the mean holding time as unity we have 

Mean (5) 

whence A - ---------- (6) 

also (7) 

(8) 

Writing 

~3-6 when ~l (i.e. when al-a2-l). Given values of ~3 
(satisfying this condition) and M, the corresponding 
values of aI, a2 and A can be determined. 

4.2. Distribution of delays for hyperexponential 
distribution 

For FIFO service we can again ute the Laplace trantform 
approach, wi th 

B(s) -
La. 

1 1 

rs+a:J 
1 
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W(s) is once more a rational function and so W(t) is 
readily obtained from the inversion integral • 

Figure 2 shows delay probability curves (including) 
delayed calls only), for a hyperexponentia1 distribution 
with two classes of calls, the mean holding time being 1 
and the coefficient of variation C-2. ~3 must be greater 
than 6(C2+l)2/4 - 37.5. The curves cover the range 
~3 - 40-80. It is clear that the third moment has a 
considerable effect on the delay distribution in this 
range, so that any approximation based in the first two 
moment alone would be of limited value. 

5. CONCLUSIONS 

(1) An approximate method of determining the delay 
distribution for a single-trunk group with Poisson 
input and arbitrary holding time distribution, and 
O<C<l, based on the first two moments of the holding 
time distribution only, is in good agreement with 
exact calculation in the case of Erlangian holding 
times. 

(2) The method is applicable to multi-trunk systems, at 
least with high traffic and FlFO service, and probably 
in other circumstances. 

(3) The method is probably also a reasonable approximation 
in the case of arbitrary holding time distributions 
having C<l, but further investigation of the effect 
of varying the third and higher moments of the 
distribution is required. 

(4) With C>l, the third moment of the holding time 
distribution has a considerable effect on the delay 
distribution. 
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TABLE 1 

Check on approximate method with ten-stage 

Er1angian distribution. 

Delay t in terms of average holding time 

p(>t) approximate 

Constant NE Accurate 
curve curve Interpolated 
(tc/b) (~E/b) 

0.001 1.82 2.89 1.92 1.99 

3.41 4.51 3.53 3.50 

5.67 6.88 5.79 5.90 

10.9 12.0 11.01 11.1 

36.3 37.4 36.4 36.4 

0.01 1.03 1.35 1.07 1.15 

2.09 2.70 2.15 2.20 

3.65 4.35 3.72 3.79 

7.15 7.76 7.21 7.25 

24.2 24.8 24.3 24.2 

0.1 0.64 0.45 0.62 0.60 

0.92 0.83 0.91 0.89 

1.66 1.71 1.67 1. 70 
I 

3.36 3.58 3.38 3.40 
I 

11.83 12.1 11.85 11.9 

TABLE 2 

Check on approximate method with two-stage 

Erlangian distribution 

Delay t in I terms of average holding time ' 

I p (>t) 
approximate 

Constant NE Interpolated Accurate 
curve curve 

0.001 2.48 3.94 3.21 3.40 

4.65 6.15 5.40 5.55 

7.73 9.38 8.55 8.75 

14.9 16.4 15.6 15.9 

49.5 51.0 50.3 50.4 

0.01 1.41 1.84 1.62 1.81 

2.85 3.68 3.26 3.40 

4.98 5.93 5.45 5.57 

9.75 10.6 10.2 10.3 

33.0 33.8 33.4 33.4 

0.1 0.87 0.62 0.74 0.70 

1.26 1.13 1.19 1.20 

2.27 2.44 2.39 2.37 

4.58 4.88 4.73 4.80 

16.1 16.5 16.3 16.4 
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" TABLE 3 

Probability of delay exceeding t~ average holding 

time (all calls) with k stages 

t - 0.25 t - 0.5 t - 1 t - 2 t - 4 

0.0780 0.0586 0.0311 0.0017 0.0004 

0.1603 0.1246 0.0715 0.0214 0.0018 

0.2473 0.1985 0.1227 0.0438 0.0053 

0.3390 0.2810 0.1868 0.0786 0.0135 

0.4356 0.3728 0.2662 0.1311 0.0311 

0.5374 0.4747 0.3634 0.2080 0.0673 

0.6445 0.5875 0.4816 0.3188 0.1387 

0.7572 0.7120 0.6234 0.4758 0.2755 

0.8756 0.8491 0.7955 0.6956 0.5311 

----------- ~---------- --------- -------- ----------
0.0775 0.0566 0.0266 0.0045 0.0001 

0.1594 0.1209 0.0626 0.0141 0.0006 

0.2461 0.1935 0.1101 0.0316 0.0025 

0.3376 0.2750 0.1711 0.0610 0.0076 

0.4342 0.3664 0.2484 0.1080 0.0201 

0.5360 0.4683 0.3449 0.1802 0.0488 

0.6433 0.5817 0.4640 0.2884 O.lHO 

0.7562 0.7074 0.6097 0.4470 0.2398 

0.8750 0.8465 0.7866 0.6755 0.4917 

----------- ---------- --------- -------- ----------
0.0173 0.0556 0.0238 0.0030 * 
0.1592 0.1190 0.0572 0.0105 0.0003 

0.2457 0.1909 0.1024 0.0253 0.0015 

0.3372 0.2720 0.1616 0.0516 0.0052 

0.4337 0.3632 0.2317 0.0952 0.0152 

0.5355 0.4651 0.3337 0.1645 0.0399 

0.6429 0.5788 0.4534 0.2709 0.0966 

0.7559 0.7052 0.6009 0.4301 0.2203 

0.8749 0.8452 0.7813 0.6635 0.4785 

----------- ---------- --------.- ... --------~---------
0.0173 0.0550 0.0218 0.0022 * 
0.1591 0.1179 0.0535 0.0084 0.0002 

0.2456 0.1895 0.0971 0.0215 0.0010 

0.3370 0.2704 0.1552 0.0457 0.0040 

0.4335 0.3614 0.2304 0.0872 0.0125 

0.5354 0.4634 0.3262 0.1544 0.0347 
0.6427 0.5772 0.4462 0.2595 0.0879 

0.7558 0.7039 0.5951 0.4190 0.2080 

0.8748 0.8445 0.7777 0.6556 0.4660 

• 
t - 6 • 

* 
0.0001 

0.0006 

0.0023 

0.0074 

0.0218 

0.0604 

0.1595 

0.4055 

---------
* 
* 

0.0002 

0.0009 • 0.0037 

0.0132 

0.0427 

0.1287 

0.3668 

--------
* 
* 

0.0001 • 0.0005 

0.0024 

0.0097 

0.0345 

0.1128 

0.3451 

---------
* 

I * • * 
0.0003 

0.0018 

1 0.0078 
0.0298 

0.1032 

0.3313 
I 

• • 
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Fig. I Typical Delay Curves for Erlangian Holding Time Distribution and FIFI Service 
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Fig. 2 Delay Curves Illustrating Effect of Third Moment of Hyperexponential Holding Time Distribution 

• .. 
" 0·1000 
~ 

~ 
• '0 

~ 
0 

~ 
~ 

:a ., 
.G 
0 
'- 0-0100 L 

• • 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
t • Delay (on delayed calls) in multiples of average hOlding time 

ITC8 334-7 



-A 

=-.a .... 
0 

~ -
:.; 
G 
~ 
0 ... 
A. 

334-8 

1·000 

Fil. 3 Delay Curves Illustrating Effect of Third Moment of 
Erlangian Hold.ing Time Distribution 
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