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Abstract 

This is the description of a heuristic method for 
evaluating the grade of service in a Dynamic Rout
ing network. The method is based on a subdivision 
of the network into two subsets. The first subset 
involves wired-logic switching-machines (SMs) where 
the selection of an alternate route depends only on 
the state of the outgoing trunk groups to the tan
dems. This situation leads to the classical problem 
of evaluating the blockings of various traffics 
offered to the same trunk group. In the second sub
set, involving only SPC SMs, the current state of 
the first and second links are of equal importance 
in the selection of an alternate route. A model is 
proposed where, for a given overflow stream, the 
set of all its alternate routes is represented by a 
fictitious direct trunk group to which is offered a 
fictitious traffic, whose characteristics are cho
sen so as to reproduce the real conditions. Consi
dering the fictitious traffic and the overflow 
stream as offered to the fictitious trunk group, 
the blocking probability is assessed using the 
same methods as for wired-logic SMs. 

1.0 Introduction 

Among other consequences, the advent of flexible 
stored program controlled switching machines (SMs) 
has allowed the possibility of improved network 
management through the use of more efficient call 
routing techniques [CA8lbJ. Dynamic Routing (DR) is 
one of these alternatives which, through a near
real time scanning of the network state, adapts the 
routing to the current trunk availability. 

The analysis of DR networks' grade of service and 
testing the performance of various traffic routing 
strategies are difficult tasks. For that purpose, a 
network simulator has been developed at Bell
Northern Research. Very powerful in the study of 
limited size networks ( ~50,000 Erlangs, 100 nodes), 
the simulator becomes gradually inadequate when 
applied to larger networks. Then the memory and 
computing capacity requirements become prohibitive. 
Consequently, a more flexible method of analysis 
has been developed. The objective of this paper is 
to describe this method, following a brief review 
of the Dynamic Routing technique. 

1.1 Dynamic Routing 

First suggested by Grandjean [GR67J, the basic 
concept of DR was further developed by Bean, Lavi~· 

gne and Szybicki CSZ79a, SZ79b]. To prove the 
feasibility of the method, and verify the related 

savings, a field trial has been conducted on a 
9-node network in the Toronto area [CA80J. The 
successful results obtained have instigated 
Cameron, Galloy and others to carry out further 
studies on the subject [CA8la]. 

Instead of being based on historical data, DR 
uses a central processor (CP) communicating with 
all intelligent SMs (those with stored program con
trol and able to communicate) to track the state of 
the network in near-real time. With this informa
tion, the CP is able to determine overflow routes 
making full use of the currently available resour
ces. The resulting recommendations are transmitted 
back to the SMs for use until the next update. 

More precisely, at regular intervals, the CP 
requests each intelligent SM to transmit, for all 
its destinations, the number of busy outgoing 
trunks and the number of calls offered since the 
last request. From this data, the CP determines, 
for all participating node-pairs, the best 2-link 
alternate route. The recommendations are based on 
a forecast of the network state at their time of 
application. In each trunk group, the expected 
number of free circuits f is estimated by: 

f = N - x - T[Y - xiS] 

where N: Trunk group size 
x: Number of busy trunks 
T: "Look-ahead" time 
s: Average call holding time 

Y is a moving average tracking the call arrival 
rate, and [y - xiS] is the net call arrival rate. 
Consequently, f is a forecast of the number of idle 
circuits at T time units 'from bhe meas.uremeiJ.t. A 
negative value of f is considered as f=O. 

If k is the tandem office of one of the eligible 
overflow routes for node-pair (i,j), its probabi
lity of being selected is: 

p(i,j,k) = Min[fik,fkj ] I E Min[fiT,fTjJ 
T 

where f' k and f k . are the expected numbers of idle 
circuit§ on its Jlinks, and where the sum is taken 
over all the set of (i,j) overflow routes. 

Three types of SM are distinguished: 

- Type T represents SMs communicating with the 
CP and performing as a tandem 

- Type I represents SMs communicating with the 
CP but not performing the tandem function 

- Type X represents (wired-logic) SMs not com
municating with the CP nor acting as tandems 

So the CP communicates only with I and T types, 
and a transit exchange is necessarily of type T. 
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Types I and T operate the same way. An outgoing 
call is always offered first to its direct trunk 
group. When all direct trunks are busy, it is 
obligatorily overflowed onto the recommended route. 
Therefore, an I or T type overflow call cannot use 
more than two links. 

From origins of type X, 3-1ink paths are allowed 
to compensate the lack of second-link information 
at the originating SM level. An X type overflow 
call is randomly offered to a tandem, at which 
point it is treated as being locally originated; 
hence a maximum of three links. 

2.0 Methodology 

The suggested method proceeds in two steps: 

1) Analysis of type X behavior 
2) Analysis of type I and T behavior 

This approach is logical because X types have a 
much more significant influence on the communicat
ing (or intelligent) subnetwork than vice versa. X 
type overflow calls are necessarily routed via the 
intelligent subnetwork, bringing a supplementary 
load to it. To analyse the communicating subnetwor~ 
this extra load must be characterized, which neces
sitates an initial study of the X types. 

2.1 HyPotheses 

Beyond the assumptions currently accepted in 
te1etraffic: common exponential holding time, first 
offered traffics Poissonian and independent, the 
following are added: 

1) The update cycle time is zero 
2) At an X type level, the behavior of the 

traf~ic streams is independent of the state 
of the remaining part of the network. 

~tral proce88~!, . . .•. .. .•.•...•.. ' • . .••••.•. 
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t/ .. . 

Data) .... " 

6: T:~~:m 
o : I node 

links . 

o 

X 0' 

Figure 1: The impact of the communicating subnet
work on the behavior of node 0 results from the 
possibility that an overflow call from 0 may be 
blocked at the tandem. However. in real networks. 
the tandems must handle their local traffic adeq~a
tely. Since overflow calls from 0 are treated as 
being locally originated by the tandems. the block
ing experienced by these calls at the tandem level 
must be low. In fact, X type overflow calls offered 
to the tandems generally suffer less blocking than 
the own tandem traffics because of better statisti
cal characteristics. 
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The first hypothesis is restrictive since it has 
been shown by simulation that the update cycle time 
(~) influences the blocking [CA80]. Nevertheless, 
over the range of realistic uptate cycle times, 
this dependence is weak. Generally, ~ goes from 0 
to 10 sec., which is much smaller than a typical 
call duration. It is then unlikely that the network 
undergoes significant changes in that interval. 
Moreover, the update cycle has a similar effect on 
all traffic flows so that its impact on their 
relative quality of service is even weaker. 

The second assumption (Figure 1) is very impor
tant since it allows the study of X types indepen
dently of the communicating subnetwork. Since the 
tandems must provide a good grade of service to 
their originating traffic, it results that their 
influence on the behavior of X type nodes must be 
weak. 

3.0 X tyPe nodes 

The study of X type behavior is based on the 
model of Figure 2. In this system, the following 
are determined: 

- The characteristics of the traffics offered to 
the trunk group bundle 

- The blocking suffered by each of these traffics 
- The characteristics of each direct tandem traf-

fic overflowed from its direct trunk group 
- For each overflow traffic offered to the bund1~ 

its probability of selecting each tandem 

In steps 1 and 2, the b10ckings of the outgoing 
traffics at the X type level are determined. With 
steps 3 and 4, it is possible to size and distri
bute the fraction of the X type overflow traffics 
offered to the intelligent subnetwork. 

3~1~1 Ch~t~ct~ri~tits6f the traffics offered to 
. · th~ · ttunkgt6uPbund1e 

For X or I types, the traffic offered to the bun
dle is the overflow from the dedicated direct trunk 
groups. The first three moments of this overflow 
are: 

AO_T" -B /Tandem trunk 
group bundle 

~O-D' I· 
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NO_D' 

AO_ , 

it
O

_
D I· AO_D 

N
O

_
D 

AO_T -{;] O-T 

Figure 2: Schematic representation of node 0 of Fig
ure 1. The traffics outgoing to I or X types (Ao o. 
Ao_D') are first offered to their direct trunk -
group, to which they have an exclusive access. The 
rejected portions of these traffics (A • A , ) 
are then overflowed to the tandem trunQ-arouB-Bun
dle. which they share with the direct tandem traf
fics. These last traffics (A , A " A ,,) are 
first offered to their direc~-trun~-group~-Ind then • 
overflowed onto another tandem only if all direct 
trunks are busy. 

Se ssion # 3.2 I'IC-10 Paper # 5 



• 

AE 

~l [1 + A / (N + 1 - A + ~l)] 

2A2~1 
(A-~1)(A-2N-2)-N~1+(N+l)(N+2) +3~2-2~1 

(1) 

(2 ) 

(3) 

where A. is the inten$:ity of the Poissonian first 
offered traffic, N the trunk group size, and where 
E stands for E(N,A); the blocking on the dedicated 
direct trunk group: N 

E(N,A) = [AN/N!] / [ l: Ai/i!] (4) 
i=O 

The first offered tandem traffics are Poissonian. 
Their moments are obtained by setting N=O in (1), 
(2), (3) and (4). 

3.1.2 Blocking of the traffics offered to the 
trunk group bundle 

The determination of the blocking experienced by 
different traffics, which are simultaneously 
offered to the same facilities, is known as the 
"Heterogeneous Blocking" problem. There exist many 
approximate solutions, which generally proceed in 
two steps. First, the average blocking is determi
ned. Then, by comparing their characteristics 
according to a given rule, the blockings experien
ced by the various components are determined. 

There are many methods for estimating the average 
blocking, as well as many rules for comparing the 
different traffics. Most of them have been tested 
in our specific context. A brief description of 
these methods and rules follows, and a comparison 
of their performance appears in section 3.2. 

3.1.2.1 Average blocking on the bundle 

Since all the offered parcels are independent, 
the moments of the total bundle traffic are given 
by: 

i! ~i l' .~. 
l' ~n,n 

where a total of "n" parcels is assumed. ~J. b is 
the mean ~ of the total bundle traffic ana' 
~2 b-~~ b its variance Vb' Because of the nature 
oI' the' system, the cond~tion Vb~ is always 
respected. 

The bundle traffic has access to all outgoing 
trunks in the tandem trunk group bundle, which is 
equivalent to a direct trunk group having a size of 
Nb=l:N. Knowing the first few moments of the bundle 
traffic, and the bundle size, many methods can be 
used to estimate its blocking. Among them, the best 
known are: 

1) The Poisson model 
2) ERT (Equivalent Random Theory) 
3) BPP (Bernou11i, Poisson, Pascal) 
4) IPP (Interrupted Poisson Process) 

The Poisson model supposes that all traffics are 
Poissonian. The bundle traffic blocking is then 
given by Bb=E(Nb'~)' 

ERT [WIS6] supposes that a traffic having mean M 
ani variance V (V~) is the overflow from a Poisson 
distributed traffic of intensity A* offered to N* 
circuits, where N* is not necessarily an integer. 
For most purposes, A* and N* are adequately esti
mated by Rapp's appr04imation [RA64]. 

Because its lesses are the same as those of the 
equiva1ent traffic, the bund1e traffic b10cking is 
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given by A*E(Nb+N*,A*)/lfb , To evaluate E(N,A) for 
real-valued N, Rapp's approximation for a fraction
al number of trunks [RA64] can be used, or just a 
simple interpolation of (4). 

BPP is a set of three distributions used to char
acterize an offered traffic according to its 
peakedness ratio V/M [DE8l]. Here, because the bun
dle traffic has always Vb~b' BPP reduces to the 
use of the Pascal distribution, With: 

n = M/V y = M2 /(V-M) 
the offered traffic distribution is: 

O(x) = nY (-!) (n-l)x, x=O,l, ••.• ,oo 

When offered to N trunks, the resulting time 
congestion is recursively evaluated by [DE8l]: 

Q(N) = (l-n)(y+N-l) Q(N-l) , Q(O)=l 
N + (l-n)(y+N-l) Q(N-l) 

from which the blocking probability is obtained: 
N 

Bb = Q(N) {I + Hb(Vb/Mb - I)} 
b 

(S) 

(6) 

(7) 

If the bundle traffic has an interarrival time 
distribution get), with Laplace-Sjelties transform 
~(s), and mean holding time l/~, its blocking is 
given exactly by [KU77, PE76]: 

N (~) -1 8 = fr [l-~(iU)] 
Bb = [j~ J 8j ), j i=O ~(i~) ,80=1 

get) is generally not easily obtainable. IPP 
approximates it by an interrupted Poisson process 
get), whose characteristics are chosen so as to 
respect the first three moments of the original 
offered traffic distr.~bution [KU77]. 

3.1.2.2 Blocking undergone by each parcel 

The parcels' blockings are usually evaluated by 
comparing their characteristics. The best known 
comparison rules suppose that the blocking of a 
given parcel i is proportional to: 

1) The average blocking 
2) Its peakedness Zi [KU77] 
3) Zi + l/Zi [PE76JJ 
4) 

B· = 1 + (~ - 1) 
1 Zb 

x [J!QQ!l s..U.§.. ,0747 + '!-b93 _ .183ZJ [KA67J 
~B~ - ZblBb Bb YD. J 

S) ~[Pi~i (Nll) + (l-Pi)\l, A 

Mi l-g,i (Nll) Nll J i 
lim 
!J.t~O 

Pr[Ni(O,t]~lJ 
lit 

where Ni(O,t] is the number of type i events in 
(O,t], and p.=A./[l:A.] [MA79J. 

6) ~ ~ J 

B. = QCN) {I + ~MNb(Vi/Mi - I)} [DE8l] 
1 b 

Because the sum of the parcels' losses must equal 
the overall loss, the blocking of each parcel i is, 
given a comparison rule CC.), normalized by: 

-1 
Bi = C(i) MbBb [ ~ C(j)Mj ] 

J 
Most of the above rules are empirical. Rule #1 

corresponds to the Poisson model where all traffics 
experience equal blocking. However, rule #S is 

Session # 3.2 ITC-IO Paper # 6 



a) b) 

A 
N' 

E(N',A) 

Figure 3: If N' is chosen such that E(N',A)=QT(N), 
the overflow ~ from the Poissonian traffic A in 
systems 3a and 3b are identical. 

well justified and rule #6 is coherent (LMiBi=MbBb) 
when BPP is used. 

3.1.3 Overflow from the first offered tandem 
traffics 

Figure 3a shows a tandem trunk group. Its own 
direct traffic A plus another traffic D reoresent
ing the portions of the other traffics overflowing 
onto it are offered to it. In this system, only the 
overflow from the direct traffic A is offered to 
the other tandems. 

Assuming the first few moments of the total 
traffic A+D (mean Mt , etc), the time congestion 
can be evaluated by: 

1) E(N,Mt ) (consistent with the Poisson model) 
2) K(N+l)xE(N+N*,A*) [WA66] (consist~nt with ERT) 

and where K(l)=A*/Mt and K(i+l) is given by: 

K(i+l) = [N*-A*+i+A*/K(i)]/i i=1,2, ••• 

3) eq. (7) (consistent with BPP) 
4) 

Mt (l-4>(Nl-I)) [ ~ (~) B. rl [DE81] 
N4>(Nl-I) j =0 J 

(consistent with IPP) 

As in the case of ERT, to have E(N' ,A)=QT(N) 
generally requires N' to be real-valued. With N' 
and QT(N), the characteristics of the overflow 
traffic A are obtained by setting E=QT(N) and N=N ' 
in (1), (2) and (3). 

3.1.4 Tandem selection probabilities 

Every overflow traffic Aij has access to a set of 
tandems. The probability that a particular tandem k 
is selected, denoted p(i,j,k), is estimated by an 
iterative sequence. 

Firstly, the characteristiris of the overflow 
traffics from I and X types are determined (eq. (1), 
(2) and (3)). Secondly, as an initial guess, the 
total offered traffic to each tandem is set equal 
to the first offered traffic. The blockings Bt' of 
these total offered traffics are then determined 
(section 3.1.2.1), as well as the characteristics 
of the overflow from the tandem trunk groups (sec
tion 3.1.3). From the Bt'~' the corresponding mean 
numbers of free circuits f=N-Mt(l-Bt ) are then used 
to evaluate the p(i,j,k)'s: 

(8) 

With the new estimates of the overflows, and of 
the p(i,j,k)'s, the total offered tandem traffics 
are updated. This is done by adding to the direct 
traffic the portion of the overflow traffics 
offered to the considered link, taking into account 

4 

that the choice is random. That is, for an overflow 
stream Aij having mean Mij and variance Vij , the 
mean and the variance of the portion offered to the 
link (i,k) are: 

M .. k £1 .. p (i,j ,k) 
1J 1J 

~ V·· M .. k[1 -+ p(i,j ,k) (~J-l)J 
1J Mij 

V .. 1 1J C 
(9) 

The new estimates of the total offered traffics 
are then used to update the p(i,j,k)'s, and the 
process continues until convergence. Usually, after 
4 to 6 iterations, the solution is within 5% of its 
convergence point. 

This sequence leads to a rough approximation main
ly because of the assumption that the tandem selec
tion probabilities depend only on the mean number 
of free circuits. Nevertheless, we have confirmed, 
through analysis and simulation that, for a wide 
variety of cases, the influence of higher order 
moments on these probabilities of selection is weak 
[RE82] . 

3 • .2 Validation of the method for X type nodes 

Simulations have been done on a series of 40 test 
networks similar to Figure I, but having two parti
cular characteristics : all first offered traffics 
originate from node 0, and a call accessing a tandem 
cannot be blocked afterward. The first characteris
tic is technically desirable because more calls per 
traffic can be simulated, leading to narrower confi
dence intervals. The second characteristic makes 
the model of Figure 2 exact. 

The test networks include from 1 to 3 tandems, 
from 2 to 4 X and I types, and the first offered 
traffics have intensities varying from 5 to 50 
Erlangs . A simulation typically contains 1.5xl0 6 

calls, distributed over 4 to 6 traffic flows . The 
three most important simulation outputs are the ave
rage blocking, the blocking experienced by each flow 
and the number of overflow calls routed via each 
tandem. 

With the average blocking, the methods of section 
3.1.2.1 can be compared. Since in the test networks, 
all the losses occur on the tandem trunk group bun
dle, Bm=MbBb/EA. must estimate the average blocking. 
Likewise, the blocking of each flow can be used to 
evaluate the comparison rules of section 3.1.2.2, 
which give the blocking of each traffic offered to 
the bundle. By considering the ratio of the traffic 
offered to the bundle to the first offered traffic, 
the blocking of these latter can be evaluated, and 
then compared to simulation results. Finally, the 
number of calls routed via each tandem is used to 
assess the precision of the method for determining 
the tandem selection probabilities. 

The results are presented as scatter plots. To 
estimate the blocking undergone by each traffic, the 
total losses must be known a priori. Most of the 
time, they were determined by ERT, except for a few 
cases where the use of another method was more 
appropriate: the Poisson model for rule #1, IPP for 
rule #5 and BPP for rule #6 . ERT was also used, in 
the sequence of section 3.1.3, to determine the 
blockings undergone by the total traffics, as well 
as the time congestions. 

A comparison of graphs la, b, c, and d indicates 
the inferiority of the Poisson model. The blocking 
is systematically, and often significantly, under
estimated. On the other hand, the precision obtained 
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Graph #1: Scatter plot of the average blocking. 
Results obtained by 4 analytical methods vs simu
lation (the line represents the ideal situation 
X=Y). Also given are the mean M(e ) and the stan
dard deviation S(er ) of the relatfve error, and 
the number of observations. 

by ERT, BPP and IPP is very comparable, (error~5 % ). 
As a matter of fact, ERT consistently gives sligh
tly more accurate results than BPP and IPP, the 
latter two being very close together. 

By comparing graphs 2a, b, c, d, e, and f, one 
sees that comparison rules #3 and #5 lead by far to 
the best results. It appears that rule #3 is 
more regular than rule #5, this latter having a 
tendency to underestimate low blockings. However, 
with these rules, it is practically impossible to 
anticipate the sign of the error. 

Based on a comparison with simulation results, we 
have made a totally empirical modification to rule 
#6 leading to a much better estimation. The modi
fied rule is {l+Nb[(Vi/Mi)~-lJ/Mb} and its results 
are shown on graph 2g. This rule suffers the same 
drawback as rule #3 and #5 of not being conserva
tive. However, by increasing the exponent to 0.5, 
an excellent precision is maintained, but the rule 
becomes significantly more conservative. 

Finally, graph #3 shows that the sequence for 
determining the tandem selection probabilities 
leads to realistic estimates. The accuracy is best 
when the system is balanced; i.e., when the proba
bilities are close to gether. Fortunately, this 
condition is always met in real networks. 

4.0 Communicating nodes 

The basic difference between a communicating node 
and an X type is that, in the intelligent subnet
work, the current states of the first and second 
links are of equal importance in the selection of 
an overf low route. 
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Graph #2: Scatter plot of the blocking experienced 
by different traffics offered to the same trunk 
group. Results obtained by 7 analytical methods vs 
simulation (the line represents the ideal situa
tion X=Y). Also qiven are the mean M(e ) and the 
standard deviation S(e ) of the relati~e error, 
and the number of obse~vations. 

4.1 Evaluation of the blocking of communicating 
nodes 

The blocking of a stream overflowed from an intel
ligent node is determined by the model of Figure 4b. 
The assumption is that the overflows are small so 
that each one have only a little influence on a 
large set of alternate routes. In this case, the 
behavior of the set of alternate routes is well 
described by the fictitious traffic. The advantage 
of the equivalent system 4b is that the methods of 
section 3.1.2 can be used to evaluate the blocking. 

Assume that, in Figure 4a, the total offered traf-
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Graph #3: Scatter plot of the tandem selection 
probabilities. Results of the method of section 
3.1.4 vs simulation (the line corresponds to the 
ideal situation ~=Y). Also given are the mean 
M(e ) and the standard deviation S(e ) of the 
rel~tive error, and the number of ob~ervations. 

fic distributions: 0ok(') and 0kd(')' k=T, T', T", 
but excluding the contribution of the overflow 
traffic (o,d) are known and independent. The trunk 
group steady-state distributions are obtained by 
truncating their offered traffic distribution at 
the trunk group size: 

Qok(x) = cOok(x) x=O,l, •• ,Nok 

c =r~k OOk CJ-

1 

Cl<l) 
lx=o J 

On a given route o-k-d, the probability of 
finding "fk" free paths is: 

Nkd-fk 

Pk(fk ) = Qok(Nok-fk ) i:OQkd(i) 

Nok-fk-1 

+ Qkd(Nkd-f~) L Qok(i) 
i=O 

(11) 

The distribution of the total number of free paths 
f=rfk is obtained by convo1ving the distributions 
Pk(fk ) associated with each route. 

P (f) = 

(12) 

(12) also represents the distribution of the number 
of free circuit:;; in a f :l c: tltious trunk group having 
size Nf. The related steady-state distribution is: 

x=O,l, •• ,Nf 
(13) 
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Figure 4: The blocking of the overflow stream A 
of Figure 4a is determined by the approximate s9sQ 
tem of Figure 4b. The underlying idea is to replace 
the set of alternate routes by a fictitious direct 
trunk group to which is offered a fictitious traf
fic. The size N

f 
of the fictitious trunk group cor

responds to the maximum number of overflowed 0-0 
calls that can be routed simultaneously. The char
acteristics M

f 
and Vf of the fictitious traffic are 

chosen so as to generate a distribution of free 
circufts similar to the distribution of free paths 
fn the rea 1 set. 

In general, there is an infinite number of 
offered traffic distributions generating the 
steady-steate distriBution given by (13). Further
more, the foregoing approximations being considere~ 
it is not essential that the fictitious offered 
traffic generates exactly (13). 

An approximation based on BPP [DE81] supposes 
that, whatever its peakedness Vf/Mf may be, the 
fictitious offered traffic follows the recurrence 
relation: 

(14) 

where nand y are obtained from Mf and Vf by (5). 
For Vf<Mf, it is possible, for a Xo large enough, 
to obtain O(xo)<O. In this case, O(x) is set equal 
to zero for x~xo and the approximation remains 

eX::l~~ :~:~: f:n: ::':::N :: v:n1f 

X (15) ~-Qf (Nf) + m_N~-l 
NfQf(Nf ) m 

(16) 

where m and v are the mean and the variance of the 
steady-state distribution (13). Equations (15) and 
(16) are directly deduced from equations (14) and 
(15) of [DE81]. Incidentally, (14) implies that 
0f(') is a Bernou11i law if V<M (and M/(l-Z) inte
ger), a Poisson law is V=M, or a Pascal law if V>M. 
Since, in our cantext. the ficti"tious offered traf~ 
fic generally does not match. these distributions, 
the equations (14), (15) and (16) will not generate 
exactly the three initial values (m,v,Qf(Nf»' 
Nevertheless, in more than 100 case tested, the 
error on m and v has never exceeded 3%, the average 
error being smaller than 0.5%. 
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4.2 Total traffic offered to the intelligent ~odes 

4.2.1 Contribution of X types to the tandem first 
offered traffics 

It is assumed that the fractions of X type over
flow streams accessing a tandem are Poisson distri
buted, mutually independent and also independent of 
the local tandem traffics. Theoritica11y wrong, 
this assumption can be made because it is a second 
order approximation. Also, even if the overflows 
from X types have high peakedness ratios, the fil
tering effect of being routed and the random selec
tion of tandems reduce this ratio. The resulting 
carried traffics have characteristics closer to 
those of Poisson streams. 

The total first offered tandem traffic will 
therefore include the local first offered traffic, 
plus the contributions of the X types. For a tandem 
k, the contribution of a given stream (i,j), where 
i is an X type, is estimated by MijP(i,j,k)(l-B~.), 
where BIj is the blocking at the X type level. J 

4.2.2 Total traffics and overflows from 
intelligent nodes 

In section 4.1, it has been assumed that the 
total traffics, minus the contribution of the over
flow for which the blocking is to be determined, 
are known. In fact, a given overflow has a very 
little impact on the total traffics because it is 
generally small and distributed over a large number 
of routes. Hence, no important degradation in 
performance is introduced in section 4.1 by using 
total traffics instead of total traffics minus the 
contribution of the considered overflow. 

The total traffic on a given relation (T,T') 
(Figure 5) results from 3 sources: the direct traf
fic, the overflow traffic for which the trunk group 
is the first link of an alternate route when the 
destination is a tandem (overflow traffic (T,D)), 
and the traffic for which the trunk group is a 
second link when the origin is a tandem (overflow 
traffic (O,T')). These totals are estimated through 
a sequence similar to the one of section 3.1.4. 

First, the total offered traffics are set equal 
to the first offered traffics. Then, the QT(.)'s 
(eq. 10), and the characteristics of the overflows 
(sections 3.1.1 and 3.1.3), are determined. From 
the QT(.)'s, and with eq. ill), the mean number of 
free paths of every route f i ·k is obtained. Then. 
the tandem selection probabi1ities are estimated by 
(8), but where the fik's are replaced by the fijk's. 

With the new estimates of the p(i,j,k)'s and of 
the characteristics of the overflows, the QT(.)'s 
are updated. Initially, for a given trunk group 
(i,j), its steady-steate distribution QT,ij(.) is 
generated by considering only the direct traffic. 
Then, the characteristics of the overflows offered 
to the considered relation are estimated via (9). 
Assuming that each of these offered portion satis
fies the recurrence relation (14), (5) is used to 
determine the corresponding offered traffic distri
bution 0ikj (.) (or 0kj i (. )) in the form of (6). 
Then, the contribution to QT,ij C.) is approximated 
by: 

Q
T
' .. (x) = c 
,1J 

Min(x,N· k ) Nkj J i-1 
E QT .. (x-v) O·k· Cv)E Qr .k Cw) , 

v=O ' 1J 1 J w=v ' J 
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ri . Min(x,N ·k) Nk · J -1 
J J J i-1 

c = E E QT i.(x-v)Oik·(v)E QT .k(w) (17) 
x=O v=O ,J J w=v ,J 

where Q~ i·(.) is the resulting state distribu
tion and' JQ~-+k(.) is the state distribution on 
the other 1inkJ obtained during the prededing ite
ration. When the next overflow is considered, 
Qr ij(·) become QT . -(.) and, through (17), the 
ne~ Qr,ij(.) obtai~~d takes into account this new 
overflow. 

The new QT(.)'s are then used to update the 
p(i,j,k)'s, and the process continues until conver
gence. Usually, 5 to 7 iterations are enough to 
come within 5% of the convergence point. Finally, 
from the QT(.)'s, the approximation of section 4.1 
is used to determine the corresponding total 
offered traffics (eq. (14), (15) and (16)). 

(17) supposes that, in the resulting distributio~ 
x busy circuits can only result from x-v circuits 
initially busy and v overflow calls. However, 
because of the other link, Min(Ni-,N- k ) is the 
maximum number of overflow calls fhat can be simul
taneously routed. The term EQ~-3k(W) accounts for 
the fact that, if v overflow cAlls are routed, 
there must be at least v busy circuits in the other 
link. 

This sequence is obviously very approximate. In 
addition to the assumption that the p(i,j,k)'s 
depend only on the average numbers of free paths, 
(17) consistently underestimate~ the impact of the 
other link. Indeed, the term EQ~--k(W) does not 
guarantee that enough overflow cAlls of the stream 
considered are present. 

We have verified that, as in the case of X types, 
the influence of higher order moments on the tandem 
selection probabilities is weak. Finally (17) can
not be justified since the term EQ~-lk(w) is only 
a lower bound. Its consequence shoula be an over
estimation of the carried overflows, and thus of 
the blocking (because of a chain reaction). 

4.3 Validation of the method for intelligent nodes 

A series of simu1ations has been made to assess 
the adequacy of the equivalent fictitious system 
for estimating the blocking. The test networks are 
similar to Figure 5, but have two particular char
acteristi.cs., There axe ;f:t'rs.t offered traffics only 

o 
Figure 5: Sample test network for 
the methods for the communicating 
trunk groups shown). 

D 
the evaluation of 
nodes (half the 
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Bo-D (%) MO_D/Mf (%) 
Simulation Analytical 
(95% C.l.) method 

2.06-2.16 2.34 11.2 
0.05-0.07 0.07 3.7 
0.25-0.29 0.81 17.2 
3.23-3.36 2.80 12.4 
0.17-0.20 0.18 3.9 
0.04-0.05 0.06 3.1 
0.36-0.41 0.29 13.1 
1.16-1. 24 3.02 22.2 
0.07-0.09 0.08 3.7 
0.36-0.40 0.41 6.2 

Table 1: The blocking is well estimated when 
MO-O is small compared to Mf 

40 

10 

o 

Time congestion on the trunk groups • 

in the intelligent subnetwork 

H(e r ) = 12.0% 

S (er) = 10.6% 

obs: 26 

• 

10 20 
Simulation (percent) 

• 

30 

• 

40 

Graph #4: Scatter plot of the time congestion on 
the trunk groups in the intelligent subnetwork. 
Results obtained by the method of section 4.2 vs 
simulation (the line represents the ideal situation 
X=Y). Also given are the mean M(e ) and the stan
dard deviation S(e ) of the relatfve error, and the 
number of observatfons. 

on the relations (O,D), (0, T), (0, T'), (0, T"), 
(T,D), (T' ,D), (T",D) and no trunks exist between 
tandems. 

As before, having as few traffic parcels as pos
sible leads to narrower confidence intervals. With 
no trunk group between tandems, the assumption 
regarding the independence of the total offered 
traffics (excluding the considered overflow) is 
true. Indeed, except for the overflow (O,D), the 
trunk groups to/from the tandems carry only their 
first offered traffic, which are independent. 

Table I shows the simulation results obtained for 
the blocking of the (O,D) traffic, the correspond
ing analytical estimates, and the ratios of the 
intensity of the overflow (O,D) to the intensity of 
the fictitious traffic. It is clear that, for small 
ratios, the blocking is adequately estimated. Howe
ver, the performance degrades rapidly when the 

8 

overflow (O,D) becomes large. Then it signifi
cantly perturbs the behavior of the set of overflow 
routes, so that the distribution of the number of 
free circuits generated by the equivalent system is 
no longer representative. For example, when the 
overflows are large, there is a strong correlation 
between them and the states of the alternate routes, 
which is not taken into account. Incidentally, the 
equivalent fictitious model is based on the assump
tion that the overflows are small, which is true 
for realistic networks, so that they have little 
influence on a large set of routes. But, as they 
become large, their impact is gradually less pro
perly accounted by the model. 

A second series of simulations has been carried 
out to validate the sequence of section 4.2. The 
test networks are similar to Figure 5, but have 
traffics on all relations and all nodes are linked. 

The determination of the state distributions 
QT(') is the key component of the sequence of sec
tion 4.2. Particularly, the estimation of the 
overflow characteristics is only dependent on the 
QT(N)'s. Graph #4 summarizes the results for the 
QT(N)'s, which, although being systematically 
conservative, are generally accurate. However, one 
also observes a degradation of performance for high 
QT(N)'s. 

The overestimation of the QT(N)'s comes from eq • 
(17). Since it systematically overestimates the 
carried overflows, the same trend must appear on 
the Qr(N)'s. The loss of precision for high values 
of Q (N) is explained by the fact that the offered 
overIlows then becomes strongly correlated to the 
trunk group states, which has been neglected. 

5.0 Determination of the blocking probabilities 

By going through the procedure of sections 3 and 
4, the b10ckings in the communicating subnetwork 
are evaluated. To estimate the blocking of X type~, 
it is assumed that, for a given overflow stream 
(i,j), where i is an X type, its blocking in the 
communicating subnetwork is: BC=Ep(i,j,k)Bk ., which 
is simply the average of the grades of service 
given at the tandems, weighted by the proper tan
dem selection probabilities. From that, the 
blocking of an X type stream is approximated by 
B· .=M .. [1 - (l-Bx ) (I-Bc) J/ A .. , where BX is the 

1J +1 1J block1fig at the X type level. 

6~O · Cori.c1usion 

As it has been mostly validated through simula
tion, the proposed method is obviously heuristic. 
In the case of small networks, for end-to-end 
blocking probabilities ranging from .5% to 25 %, the 
accuracy of the method has been found to be gener
ally within 10-15%. 

For large networks, the method has been scaled 
up, Especially, because of the dependence on the 
third power of the number of nodes, the p(i,j,k)'s 
cannot be kept in core memory. So, the pertinent 
p(i,j,k)'s must be locally generated each time 
they are required. Because of the computation 
associated with eq. (11) for determining the mean 
number of free paths on a given route, an approxi
mate model has been used to evaluate the 
p(i,j,k)'s. It supposes that the number of free 
circuits on a link is uniformly distributed, and 
has a mean of N-M

t
(l-Bt ), where N, Mt and Bt are 
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respectively the number of circuits, the mean of 
the total offered traffic and the blocking on the 
link. This approximation has given satisfactory 
results. Along with other modifications to speed up 
the determination of the total offered traffics, 
this has led to a running time, on an IBM 3033 
computer, of the order of 3 CPU minutes for a 
44-node network and 20 CPU minutes for a 178-node 
network. However, because of the supplementary 
approximations involved, the accuracy has been 
found to be lower, within 10-25%. 

Finally, an important factor remains to be incor
porated into the model: the impact of the update 
cycle length on the network performance. 
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Q.l (M. Brown) 

Although the model was built o fo~ DR network evaluation, 
how applicable are the methods fn other network environ
ments? 

A.l (J. Regnier, P. Blondeau, W.H. Cameron) 

The model has not been tried on other kinds of networks. 
But, in the case of the classical Fixed Hierarchical 
network, the modelling of two trunk groups in series 
might be useful for evaluating the blocking suffered 
by the traffics ov~rflowed from °the high usage trunk 
groups • 

Q.2 (D.J. Songhurst) 

The Dynamic routing' .. system proposed by Bell Northern 
Research incorporaotes a state-protective routing 
strategy. Can your analysis be extended to take 
account of this? 

A.2 (J. Regnier, P. Blondeau, W.H. Cameron) 

Q.3 

Yes, the state-protection for direct traffic has been 
incorporated into the model, but in a very approximate 
fashion. In ti1e real Dynamic Routing, the state-protection 
is based on a moving average tracking the amount of over
flowed direct traffic. In the model, it is assumed that 
the state-protection level on each trunk group is constant 
and equal to the mean amount of overflowed direct traffic. 
We have not been able yet to as~ess the accuracy of this 
method, thus work is currently under way. 

(P. LeGall) 

About overflow traffic combination, your Sections 3..1.2 and 
°3 .1.3 are not in agreement with my own paper (Session 2.1, 
Paper 7). As stated in my preceding paper (ITC 9), we have 
to combine single overflow circuits and not overflow groups 
of infinite size. Can you give any information about the 
accuracy of your evaluation of blockings for small overflow 
traffics combined with big overflow traffics? 
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A.3 (J. Regnier, P. Blondeau, W.H. Cameron) 

To estimate the blocking of " different traffic parcels 
offered to the same trunk group, we simply compared 
Witil simulation results the methods that were available. 
The aim was to have something reasonably accurate but 
fast, w~ were not interested in something ~xact but 
requiring a heavy computational burden. 

In general, the estimation of the blocking suffered" by 
the small traffic parcels is less accurate but, as far 
as we can" see, this does not imply a correlation between · 
the accuracy of the estimation of the blocking and the 
traffic intensity. In most cases, the small traffics 
were overflow traffic bearing on high peakedness. The 
decrease in accuracy might also be related to the peaked
ness. 
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